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Abstract
Minimal hepatic encephalopathy is a neuro-cognitive
dysfunction which occurs in an epidemic proportion
of cirrhotic patients, estimated as high as 80% of the
population tested. It is characterized by a specific,
complex cognitive dysfunction which is independent
o f s l e e p d y s fu n c t i o n o r p ro b l e m s w i t h ove ra l l
intelligence. Although named “minimal”, minimal
hepatic encephalopathy (MHE) can have a far-reaching
impact on quality of life, ability to function in daily
life and progression to overt hepatic encephalopathy.
Importantly, MHE has a profound negative impact on
the ability to drive a car and may be a significant factor
behind motor vehicle accidents. A crucial aspect of the
clinical care of MHE patients is their driving history,
which is often ignored in routine care and can add a vital
dimension to the overall disease assessment. Driving
history should be an integral part of care in patients
with MHE. The lack of specific signs and symptoms,
the preserved communication skills and lack of insight
make MHE a difficult condition to diagnose. Diagnostic
strategies for MHE abound, but are usually limited by
financial, normative or time constraints. Recent studies
into the inhibitory control and critical flicker frequency
tests are encouraging since these tests can increase the
rates of MHE diagnosis without requiring a psychologist.
Although testing for MHE and subsequent therapy is not
standard of care at this time, it is important to consider
this in cirrhotics in order to improve their ability to live
their life to the fullest.
© 2008 WJG . All rights reserved.
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INTRODUCTION
Minimal hepatic encephalopathy is a neuro-cognitive
dysfunction which occurs in an epidemic proportion
of cirrhotic patients, estimated as high as 80% of the
population tested. It is characterized by a specific, complex cognitive dysfunction which is independent of
sleep dysfunction or problems with overall intelligence[1].
Although named “minimal”, minimal hepatic encephalopathy (MHE) can have a far-reaching impact on quality
of life, ability to function in daily life and progression
to overt hepatic encephalopathy (OHE)[2]. Importantly,
MHE has a profound negative impact on the ability to
drive a car and may be a significant factor behind motor
vehicle accidents. Research in this field is expanding rapidly, but little consensus has emerged regarding standard
diagnostic strategies or therapeutic options[3]. The current editorial will focus on the relevance of MHE as an
important clinical entity that is ready for evaluation and
regular detection not only in research centers but in routine hepatology practice.

PREVALENCE AND IMPORTANCE
With improving management of cirrhotic patients, including those with end-stage liver disease, the neuropsychological care of these patients is being recognized
as an unmet need[4-6]. The importance of MHE has been
recognized by hepatologists worldwide and of late an
explosion of research in this field has occurred[7,8].
Since its first description in the 1970s, MHE has
been diagnosed in several countries around the world at
a rate of 30%-80%[9,10]. The European experience has
shown a high prevalence of MHE in patients who are
predominantly non-alcoholic and without any psychoactive drug use[11,12]. The diagnostic methodologies were a
combination of neuro-psychometric and neuro-physiologic testing strategies[11-13]. In the United States, the rate
of MHE in several research series has been reported to
www.wjgnet.com
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be 60%-80%, again using a combination of psychometric and neuro-physiologic techniques[14,15].
Experience in Asian countries, especially India, Japan
and China, has reconfirmed the high prevalence using
locally modified tools[10,16-22]. The diagnostic tools were
adapted to the local language and to include illiterate
subjects[17,19]. The patient population in these series has
included a higher number of patients with viral hepatitis
compared to Western series[21,22].

CHARACTERIZATION OF MINIMAL
HEPATIC ENCEPHALOPATHY
The importance of MHE lies in its specific deficits. As
outlined by Weissenborn et al, patients with MHE have
defects in attention, vigilance and orientation[23]. These
attention deficits in turn lead to learning impairment and
difficulties in working memory[12,24]. Psychometric testing in patients with MHE has consistently demonstrated
a preservation of overall IQ compared to age-matched
controls, indicating that the defects are restricted to
certain aspects only[11]. Patients with cirrhosis can also
exhibit motor impairments that include Parkinsonian
features and features of hepatic myelopathy[25,26]. However, these motor deficits are not included in the typical
impairment seen in MHE.
Importantly, deficits in MHE do not extend to the
verbal and communication spheres[11]. Similar to OHE
patients, there is evidence that patients with MHE have
poor insight into their psychometric impairments[27-29].
The preservation of communication skills, lack of symptoms and the poor insight make MHE patients a difficult
group to identify with simple questioning in the office.

CONTRIBUTION OF CONCOMITANT
DISEASES TO MHE
Patients with specific etiologies of cirrhosis are more
likely to exhibit psychometric impairment, specifically
chronic hepatitis C. Investigations in the chronic hepatitis C infected groups (both with and without cirrhosis)
show a worse psychometric performance compared to
patients without chronic hepatitis C in selected studies[30-33]. However, other studies have not demonstrated
a difference in psychometric performance of cirrhotics with chronic hepatitis C compared to those without
it[30,34]. In addition, a recent detailed study before and
after interferon therapy in chronic hepatitis C cirrhotics
failed to find an improvement or deterioration during
and after therapy completion[35].
Diabetes mellitus is an important correlate of patients with cirrhosis, with the increasing importance of
non-alcoholic steatohepatitis, and is also correlated with
chronic hepatitis C in the general population[36]. Diabetes
mellitus, possibly due to its adverse effect on gastrointestinal motility, has been associated with hepatic encephalopathy[34,37].
Most studies of MHE exclude patients with alcoholic
liver disease; therefore, excluding patients with chronic
www.wjgnet.com
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hepatitis C and diabetes mellitus will seriously hinder the
generalization of the study. Therefore, a subgroup analysis of chronic hepatitis C and diabetes mellitus within
the cirrhosis group or regression adjustment would be
necessary for MHE investigation.

CONCOMITANT SLEEP DISTURBANCES
Hepatic encephalopathy is associated with adverse effects on the sleep-wake cycle, especially causing fragmentation of sleep, sleep deprivation and reports of
drowsiness during the day[38]. Sleep deprivation per se can
result in impaired psychometric test performance and
as is evidenced in the case of obstructive sleep apnea,
and can independently lead to poor driving outcomes[39].
There is debate whether the MHE-associated psychometric impairment is partly due to the inherent sleepwake cycle disturbances in this condition. Validated sleep
and quality of life questionnaire such as Sickness Impact
Profile (SIP) sleep scales, Pittsburgh Sleep Quality index
and Epworth Sleepiness scale evaluation demonstrate
a worse sleep quality and effect on quality of life in
patients with MHE[17,38,40]. Steindl et al demonstrated a
disrupted melatonin cycle in patients with cirrhosis and
MHE which was independent of psychometric performance[41]. However, reports have demonstrated that
cirrhotics with MHE and sleep disruption do not have
worse psychometric performance compared to those
who do not have sleep disruption[38,42,43]. This implies
that although there is a significant disruption of the
sleep-wake and circadian rhythm in patients with MHE,
this phenomenon co-exists with the psychometric impairment and is not the cause of it.

QUALITY OF LIFE AND MHE
Quality of life is an essential assessment component of
patients with chronic diseases. Issues pertaining to quality of life are also central to most patient complaints
in cirrhosis [44]. Groeneweg et al studied the Sickness
Impact Profile (SIP) in a cohort of cirrhotics being
tested for MHE (Medical Outcomes Trust, Boston,
MA) [40]. The SIP consists of 136 items which questions patients about 12 sections; sleep and rest, eating,
work, home management, recreation and pastimes,
ambulation, mobility, body care and movement (the
last three generate a physical sub score), social interaction, alertness behavior, emotional behavior, and communication (comprising the psychosocial sub score).
All scales were significantly impaired in MHE patients
compared to others. A recent study by Prasad et al
confirmed these findings in MHE patients in all spheres
apart from communication, which was similar between
patients with or without MHE[17]. Impaired quality of
life has also been demonstrated using the Short Form 36
(SF-36) in MHE populations in several studies across the
world[45,46].
Short form-36 (SF-36) is a 36-part questionnaire that
has been used in several studies to characterize chronic
liver disease and the chronic liver disease questionnaire
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has also been used in patients with liver disease[44-47].
The SIP is an extensive survey which requires several
minutes to complete, in contrast to the relatively short
SF-36. The SF-36, therefore, may be a better tool for
clinical practice. However, since quality of life changes
in MHE are subtle, the SIP is perhaps the questionnaire
better suited for research studies since it can differentiate
between small changes in several aspects of QOL.

WORK CAPACITY AND MHE
The specific nature of cognitive dysfunction in MHE
results in a disproportionate impairment of workers engaged in “blue-collar” professions compared to “whitecollar” professionals. This is essential to remember
because cirrhotics engaged in professions that require
constant vigilance and coordination, e.g. machinery operators and drivers are affected by MHE more severely
compared to those who have predominantly verbal and
intellectual functions, such as administrative and company executives[29]. Therefore, MHE not only has the
potential to endanger the patients and co-workers during
complex occupational tasks, it also can adversely affect
their socio-economic status by interfering with work performance[48].

MHE AND PROGRESSION TO OVERT
HEPATIC ENCEPHALOPATHY
Overt hepatic encephalopathy portends a poor prognosis and overall survival[49,50]. Patients with MHE have
a higher likelihood of development of OHE[14,49,51,52].
Specific subgroups that are more likely to progress to
OHE are males, those with a history of OHE, those
with alcoholic etiology of cirrhosis and those with varices[19,53,54]. Positive responders to the glutamine tolerance
test are also more likely to develop OHE[53]. It is not
clear, however, which individual MHE patient will go on
to develop OHE. The relative contributions of precipitating factors, such as gastrointestinal bleeding, for OHE
development in the context of MHE versus no MHE
have also not been fully elucidated. Therefore, patients
with MHE may be a subgroup requiring close follow-up
clinically for OHE development, especially when potential precipitating factors are encountered.

MHE AND DRIVING CAPABILITY
The ability to drive a motor vehicle requires coordination
of visual, auditory and vestibular inputs and has the potential to be impaired by metabolic encephalopathies[55].
MHE affects attention, psychomotor function and
working memory, all of which are essential for safe
driving[56]. Most studies of driving ability using on-road
driving tests have demonstrated that MHE patients have
significant defects in reaction time, resulting in their pronouncement as unsafe drivers in studies from Germany
and Japan[49,57]. Wein et al studied the driving ability and
rating of driving behavior of 44 patients with cirrhosis
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using instructors masked to their status. Fourteen of
these patients had been diagnosed with MHE[58]. Results
showed that patients with MHE required interventions
by the driving instructor to prevent an accident at a rate
10 times higher compared to those with MHE and controls. Specific driving behaviors were also rated worse in
patients with MHE, especially car handling, adaptation,
cautiousness and maneuvering[58].
Another essential skill required for safe driving is
navigation, which ensures that the subject is in the right
place at the right time[55]. Given the working memory abnormalities in cirrhotic patients, the study of navigation
in MHE is important[24]. Our group recently published
a study evaluating the performance of cirrhotics to age
and education-matched controls on a driving simulator.
Navigation skills in MHE are adversely affected[59]. All
patients underwent a driving simulation which also included a navigation task. This task consisted of driving
through a “virtual city” and illegal turns off the marked
path were recorded. There was a significantly higher rate
of illegal turns in the MHE group compared to those
without MHE and controls. Illegal turns were proportionate to impairment in psychometric performance
in cirrhotic group[59]. Therefore, driving difficulties in
patients with MHE are likely multi-dimensional and includes impairment in reaction time and navigation skills.

DRIVING OUTCOMES IN PATIENTS WITH
CIRRHOSIS AND MHE
Traffic accidents are one the leading causes of death
worldwide, especially in young adults, the most productive age group of any society. It is important to determine
whether patients with MHE also have poor driving outcomes compared to those without MHE and controls.
This would be essential in formulating public health decisions regarding licensing and therapy for MHE. A study
published by our group sent an anonymous driving outcome questionnaire to controls, cirrhotics tested for MHE
and cirrhotics not tested for MHE due to concurrent psychoactive drug use[60]. As many as 33% of MHE patients
reported having a traffic accident or violation within the
last year compared to only 4% of MHE negative patients
and 12% of the patients using psychoactive drugs. When
5 year data were analyzed a significant majority of MHE
patients (53%) reported a traffic accident or violation
compared to only 23% of MHE negative patients and
22% of those on psychoactive drugs. This is even more
significant since none of the MHE patients were drinking
alcohol. On multi-variate analysis, MHE emerged as the
sole factor associated with traffic violations [odds ratio
6.0 (CI 1.2-31.3)], motor vehicle accidents [odds ratio 7.3
(CI 2.1-33.2)] and both [odds ratio 7.6 (CI 1.5-37.3)][60].
However, despite these striking numbers, there is still the
need to analyze driving data prospectively using identified
records before making specific recommendations regarding driving capability[3].
Patients with cirrhosis have a poor prognosis after
trauma and surgery, especially with increasing Childwww.wjgnet.com
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Pugh score[61]. A combination of coagulation impairment, sepsis and hepatic dysfunction has been noted
as contributing factors to this worse prognosis [61]. A
study of a large inpatient sample from the United States
showed that patients with cirrhosis who were involved in
a motor vehicle crash had a higher mortality than those
who were admitted for motor vehicle crashes only[62].
Despite a younger average age, patients with cirrhosis
and crash had a similar mortality compared to those admitted with cirrhosis only. Hospitalization charges and
inpatient stay were also significantly higher in cirrhotics
with crash compared to patients admitted for cirrhosis
only and those admitted for motor vehicle accidents
only. On multi-variate regression within the patients admitted with motor vehicle accidents, age > 65 years and
cirrhosis were the variables most significantly associated
with mortality[62].
Therefore, not only are patients with MHE more
likely to get into an accident, they are also more likely to
die from it and utilize greater resources as a result of the
accident. All these factors make it essential for a clinician
to take a driving history when evaluating patients for cirrhosis and chronic liver disease.

MHE: INSIGHT INTO THE DISEASE
PROCESS AND DRIVING SKILLS
Insight into personal deficits is essential in patients in order to seek medical intervention. Anosognosia, defined
as the unawareness of a disease, is a key component of
the disease process in several metabolic and vascular
cerebral disorders[63,64]. This phenomenon is clearly observed in patients with OHE, in which it is the persons
in the environment who detect changes in the patients’
sensorium rather than the patient[27]. A recent report extended this lack of insight into driving impairment. This
study demonstrated that patients with MHE rated themselves as significantly better drivers compared to those
without MHE and controls when they were evaluated by
independent observers[28]. Therefore, similar to patients
with OHE, it may be important to elicit a complete driving history and assessment from relatives familiar with
the MHE patients’ driving rather than relying on the patients’ history alone.

THE HISTORY NOT TAKEN: DRIVING
HISTORY
The standard of care of patients with cirrhosis without
any ongoing acute issues is focused on strategies aimed
to prevent decompensation. These strategies are aimed
at reducing mortality and morbidity from a liver disease
standpoint. However, as evidenced by recent reports,
patients with cirrhosis and MHE also are at risk for
developing morbidity and mortality behind the steering
wheel[58,60]. An objective driving history, including confirmation from the local supervisory agency, and corroboration of driving skills by relatives is also an essential
aspect of patient care. The driving history to the clinical
www.wjgnet.com
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history would arguably be a vital addition to the overall
understanding of the disease severity from a clinical and
psychosocial view in cirrhosis.

TESTING FOR MHE DURING CLINIC
VISITS
Although the majority of surveyed hepatologists in Spain
and the United States agreed that MHE was a significant
problem requiring testing, the minority were able to actually test for MHE as part of their clinical practice[7,8]. Main
barriers to MHE testing were inability to get tests paid for
by insurance, adding time to clinic visits and lack of standardized norms for the United States[8].
The psychometric battery recommended by the
Working Group on Hepatic Encephalopathy is the PSEsyndrome test published by Weissenborn et al[2,11]. This
test battery, although quite efficient in diagnosing MHE,
requires a psychologist and valid population norms. The
difficulty of applying these tests in the United States is
the lack of background population norms and the need
for a licensed psychologist to order and administer these
tests. In addition, these are still not routinely covered by
private health care insurance. These logistic barriers have
effectively prevented routine clinic diagnosis of MHE.
The AASLD survey also highlighted the need for
simpler and rapid testing that can take the place of cumbersome and copyrighted psychometric testing[8]. The
inhibitory control and the critical flicker frequency have
emerged as tests that can be applied in clinical practice
without the need for psychological expertise[3,13,14,20,65].
However, detailed validation studies are still underway
for these tests.

POPULATION TO BE TESTED
Patients with cirrhosis who are ambulatory and capable
of independent living are the ones most affected by
MHE and should definitely be tested. Previous recommendations have been split regarding the specific population to be targeted for testing. Ortiz et al and Stewart
et al have specifically recommended certain patient populations be tested [1,48]. Psychometric performance can
be affected by current alcohol use, use of psychoactive
drugs and pre-existing neurological disorders[11]. In cirrhotics who do not fulfill these criteria, it is in the best
interest of the patient to be offered testing at the initial
visit regardless of their subsequent activities. There is no
consensus regarding the frequency of testing, but experience has shown relative similarity in psychometric scores
at 6 mo intervals in the absence of acute clinical and
neurological events such as development of OHE[19].

THERAPY FOR MHE
Treatment of MHE improves psychometric performance and quality of life[16,17].
A recent consensus conference promulgated lactulose as the first choice of therapy for MHE in concor-
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dance with the previous study data and the AASLD
survey[3,8]. However, whether this would have any effect
on development of OHE, driving capability or overall
survival remains to be investigated. Since driving and
psychometric impairments are highly correlated, it is reasonable to expect that driving performance would also
improve after MHE therapy.
However, the adherence rate of lactulose in patients
with OHE is low; therefore, to expect an MHE patient,
who does not have any specific symptoms and lacks insight into their problems, to be adherent on a medication
that could cause diarrhea and flatulence is difficult[3,66].
Therefore, alternatives to lactulose have also been studied for MHE. Liu et al showed that fiber and fiber with
probiotics improved psychometric function and importantly the Child class of patients[21]. Similar studies have
been published using various formulations of probiotics
with good improvement in psychometric tests[67-71]. Our
group has recently completed a randomized control trial
of a probiotic yogurt that resulted in a significant reversal of MHE in the yogurt-randomized group compared
to the group randomized to no treatment[72]. The adherence was excellent and none of the yogurt-treated group
developed OHE. Although probiotics are attractive options that spare the patients from the poor palatability of
lactulose, difficulties in the availability and the standardization of probiotic organisms remain. However, these
preliminary data suggests that dietary intervention may
be considered in addition to probiotics for amelioration
of MHE.
Therefore, although treatment options for MHE
are evolving, it is still important to test patients to offer
them the available therapeutic options.

CONCLUSION
MHE is an epidemic cognitive dysfunction in patients
with cirrhosis which is gaining importance in clinical and
research spheres due to improved survival in cirrhotic
patients.
MHE patients exhibit a specific cognitive impairment that negatively impacts their driving capability and
work performance and importantly is not evident to the
patients themselves.
A crucial aspect of the clinical care of MHE patients
is their driving history, which is often ignored in routine
care and can add a vital dimension to the overall disease
assessment. Driving history should be an integral part of
care in patients with MHE.
The lack of specific signs and symptoms, the preserved communication skills and lack of insight make
MHE a difficult condition to diagnose.
Diagnostic strategies for MHE abound, but are usually limited by financial, normative or time constraints.
Recent studies into the inhibitory control and critical
flicker frequency tests are encouraging since these tests
can increase the rates of MHE diagnosis without requiring a psychologist.
Although testing for MHE and subsequent therapy is
not standard of care at this time, it is important to con-
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sider this in cirrhotics in order to improve their ability to
live their life to the fullest.
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Abstract
With pegylated interferon and ribavirin, more than
half of all chronically-infected hepatitis C patients
can achieve a sustained virologic response; however,
patients with genotype 1 infections and those with
other poor prognostic factors have relatively inferior
treatment response rates. Since new therapies are
still years away from approval, it is incumbent upon
providers to maximize the therapeutic efficacy of
today’s treatment. The later the virus is undetectable
in serum during treatment, the less likely it will be
eradicated. Patients with a delayed or slow virologic
response to therapy (at least a 2-log 10 decrease
in baseline hepatitis C RNA yet detectable viremia
at 12 wk of therapy and undetectable virus 12 wk
subsequently) may, therefore, benefit from an extended
therapy course beyond one of standard duration.
Although higher rates of treatment discontinuation may
plague this approach, 72 wk of treatment for genotype
1-infected slow-responders may improve response
rates and diminish relapse rates relative to those of
4 8 w k . B a s e d o n d a t a f r o m b o t h v i ra l k i n e t i c
and clinical studies, therapy prolongation in slow
responders may be a reasonable strategy to improve
response rates in these treatment-refractory patients.
© 2008 The WJG Press. All rights reserved.

Key words: Hepatitis C virus genotype; Peginterferon
alpha; Ribavirin; Slow-responder; Extension
Peer reviewers: Dr. George V Papatheodoridis, 2nd Academic
Department of Internal Medicine, Hippokration General
Hospital, 114 Vas. Sofias ave., Athens 1527, Greece; Akihito
Tsubota, Assistant Professor, Institute of Clinical Medicine and

Research, Jikei University School of Medicine, 163-1 Kashiwashita, Kashiwa, Chiba 277-8567, Japan
Pearlman BL. Extended-therapy duration for chronic hepatitis C,
genotype 1: The long and the short of it. World J Gastroenterol
2008; 14(23): 3621-3627 Available from: URL: http://www.wjgnet.com/1007-9327/14/3621.asp DOI: http://dx.doi.org/10.3748/
wjg.14.3621

INTRODUCTION
One hundred and seventy million persons worldwide are
infected with the hepatitis C virus (HCV)[1], and liverrelated deaths from the virus are expected to nearly
triple by the year 2020[2]. Three years prior to the virus’
identification in 1986, interferon alpha-2b was first
utilized for the treatment of non-A, non-B hepatitis[3].
Although sustained virologic response (SVR) rates to
interferon monotherapy for 6 mo were only about 8%,
treatment extension to 12 mo nearly doubled response
rates [4] . With the advent of the nucleoside analog
ribavirin, used in combination with interferon, rates of
SVR more than doubled again[5,6]. Whereas 48 wk of
standard interferon with ribavirin achieved sustained
response rates as high as 43%[6], 48 wk of the newer
pegylated interferons plus ribavirin improved rates
of SVR to 54%-56% as shown in two multinational,
randomized controlled trials[7,8].
Nevertheless, SVR rates are inferior for patients with
genotype 1 infection[7-9] despite a 48 wk recommended
treatment course of peginterferon with weight-based
ribavirin[10,11]. Although preliminary evidence indicates
that small molecule inhibitors in combination with
peginterferon and ribavirin may improve response rates
even further for genotype 1-infected patients with merely
24 wk of therapy[12,13], the combination of peginterferon
and ribavirin alone is likely to remain the recommended
treatment regimen for chronic HCV for the next
3-5 years[14]. Thus, it is incumbent upon clinicians to
maximize their patients’ chance of treatment success
with existing therapy.
Methods utilized to improve the treatment response
in genotype 1-infected patients include the bolstering
of patient adherence through aggressive side effect
management and increasing the dose of therapy through
induction dosing of interferon or through higher doses
www.wjgnet.com
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Figure 1 Relationship between hepatitis C viremia and sustained virologic
response with pegylated interferon alpha-2a and ribavirin therapy[19]. The later
the virus becomes undetectable on therapy, the less likely it will be ultimately
cleared. Data are from retrospective analysis[19] of a registration trial for
peginterferon alpha-2a plus ribavirin involving over 1000 chronic, treatmentnaive hepatitis C-infected patients[8]. Neg: Undetectable RNA; > 2 log: At least a
2 log10 decrease in viral RNA compared to pre-treatment value; < 2 log: Less
than a 2 log10 decrease in viral RNA compared to pre-treatment value.

of either interferon or ribavirin. Another strategy is to
lengthen duration of treatment in those that are slowresponders to standard doses of peginterferon and
ribavirin. The purpose of this survey is to review the
justification for therapy prolongation in appropriate
patients using viral kinetic data and to summarize the
clinical trials supporting this approach.

VIRAL KINETICS DURING TREATMENT
An initial decrement in HCV RNA level, referred to
as phase 1, occurs hours after the administration of
interferon; it represents the blocking of viral replication.
A subsequent, slower decrease in viremia (phase 2)
represents the clearance of HCV-infected hepatocytes
and typically occurs days to months after interferon
therapy is initiated. The phase 2 decline in virus is the
better predictor of ultimate HCV clearance[15,16]. Phase 2
decline is significantly slower in genotype 1-infected
patients than in those infected with genotypes 2 and 3[17,18].
Thus, by measuring virus concentrations of various points
along a slope of a phase 2 decline in viremia, treatment
outcome may be better predicted, and ultimately modified,
based on an individual patient’s response to therapy.
HCV-infected patients who achieve undetectable
viremia as early as 4 wk into standard therapy have
excellent sustained response rates; these rapid virologic
responders achieve SVR about 90% of the time[19]. In
fact, support exists for truncating therapy duration for
genotype 1-infected rapid responders with low baseline
HCV viral loads [20]. Conversely, patients who show
undetectable virus for the first time 24 wk into therapy
have less than one-third chance of ultimately achieving
SVR[8]. Therefore, the earlier the HCV is undetectable in
serum during treatment, the greater the likelihood of a
successful treatment response (Figure 1).
Similarly, longer durations of viral suppression
www.wjgnet.com
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on treatment may improve virologic response rates.
Investigators have sought to determine if the standard
48 wk treatment duration of patients with genotype 1
infection is adequate. Using data from the peginterferon
alpha-2b and ribavirin phase Ⅲ trial [7], Drusano and
Preston developed a prediction model based on the
duration of viral suppression on therapy [21] . The
model was built on the basis of eleven covariables
including demographics and virologic characteristics
from 771 HCV-infected patients. Among the variables,
the durations of viral clearance had the strongest
bearing on the likelihood of a SVR. When the model
was applied to a validation group of 229 patients, it
predicted SVR with a positive predictive value of 97%
and a negative predictive value of 91%. To achieve an
80% chance of SVR in genotype 1-infected patients,
an undetectable HCV RNA was required for at least
32 wk on therapy, and to achieve a 90% chance of SVR,
RNA undetectability was necessary for 36 wk. Since the
average time to clear genotype 1 viremia was 30 wk, the
authors concluded that the standard 48 wk treatment
course for this genotype is inadequate. Problems with
this study are its retrospective analysis and the model’s
requirement for monthly viral loads which may be costprohibitive. Furthermore, the model was based on the
use of suboptimal ribavirin dosing (800 mg daily) which
limits its applicability in genotype 1 infection. However,
the study suggests that patients who don’t achieve
undetectable virus at certain time points may enjoy
improved rates of SVR with treatment extension.
A failure to achieve an early virologic response (EVR),
defined by an undetectable HCV RNA level or at least
a 2-log 10 decrement in RNA from baseline at 12 wk
of therapy, has excellent negative predictive value for
treatment success[22,23]. An analysis of the peginterferon
with ribavirin registration trials[7,8] suggests that patients
who do not achieve a 12 wk EVR have a 3% or lower
chance of ultimately achieving SVR [23]. Nonetheless,
there is a large disparity in treatment response between
patients who, at 12 wk, have at least a 2-log10 decrease in
baseline HCV RNA yet still have detectable virus (partial
EVR) compared to those who achieve undetectable
viremia (complete EVR). In the registration trial for
peginterferon alpha-2b with ribavirin, patients in the
latter group achieved SVR about four times more
frequently than those in the former[23]. These former
patients are said to be slow or late responders to therapy.
Patients have also been characterized as slow responders
to therapy if they have detectable virus at 4 wk; either
definition necessitates undetectable virus at 24 wk of
treatment, since detectable viremia at this time point
virtually guarantees treatment failure.
In genotype 1 infection with the standard therapy
duration of 48 wk, slow responders have higher relapse
rates compared to those that clear virus earlier in
treatment[19]. High rates of relapse in slow responding
patients may indicate that therapy was of insufficient
duration; therefore, it has been hypothesized that
extending therapy in these patients may improve rates of
SVR (Figure 2).
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Figure 2 Virologic responses of slow-responders to 48 wk vs 72 wk of therapy.
Treatment extension may improve chance of SVR by lessening the chance of
relapse. Slow-responders to standard duration therapy (48 wk) may see relapse
after an end-of-treatment response is achieved; those receiving extended
duration therapy (72 wk) are not as apt to relapse after treatment is completed.

EXTENDED DURATION THERAPY WITH
STANDARD INTERFERON
Several years before the term slow-responder was
popularized, investigators attempted to improve
response rates by extending therapy duration utilizing older medications. Using standard interferon
monotherapy, authors have demonstrated improved
biochemical, histologic and virologic responses with
treatment ranging from 60 to 76 wk compared to
treatments of shorter durations[24,25]. In one of these
studies[24], the investigators noted a reduced tendency
for patients to relapse after treatment cessation when
therapy was extended to 60 wk relative to previously
published studies with shorter durations.
The first randomized, controlled trial to show that
prolongation of interferon-based therapy combined
with ribavirin for 18 mo reduced rates of relapse was
performed in the Netherlands and Belgium[26]. Three
hundred treatment-naive chronic HCV patients were
randomized to 6 or 18 mo of standard-interferon
(3 million units thrice weekly) plus ribavirin (10001200 mg daily) or to 18 mo of the same dose of
standard interferon monotherapy plus placebo. The
majority of patients were genotype 1-infected with high
viral loads. Although end-of-treatment responses were
similar in the two combination therapy arms (55% and
41% in 6 and 18 mo arms, respectively), relapse rates
were significantly lower in the 18 mo combination arm
(13%) compared to those in the 6 mo treatment arm
(38%, P = 0.006). It should be noted that the rate of
relapse in the group treated with 18 mo of monotherapy
was still high at 38%; these results demonstrate that
extending the duration of interferon alone is inadequate
to decrease relapse rates and attests to ribavirin’s effect
on relapse diminution. In an intention-to-treat analysis,
SVR rates were 16% for 18 mo monotherapy, 34%
for 6 mo combination therapy and 43% for 18 mo of
combination therapy (P < 0.05). Although 25% of
patients withdrew from both 18 mo treatment arms
prematurely, this withdrawal rate is similar to those
from standard interferon plus ribavirin treatment trials
of 48 wk duration (21%-27%) [5,6] . Prolongation of
combination therapy had no significant effect on rates
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of relapse or SVR in genotype 2- or 3- infected patients;
nevertheless, extension of treatment from 6 to 18 mo
had an independent effect on relapse and SVR rates in
patients infected with genotype 1 virus (SVR: OR 4; CI:
2-10, P = 0.004). Slow responders, those with detectable
viremia at 12 wk, enjoyed a decline in relapse rate from
70% to 30% when treatment was prolonged from 24 to
72 wk. The study’s major limitation was the absence of a
12 mo treatment arm.

EXTENDED DURATION THERAPY WITH
PEGYLATED INTERFERON
Investigators from Spain and Israel were the first to
report successful treatment extension to 72 wk for
slow responders to peginterferon and ribavirin [27] .
Slow responders were defined as those patients with at
least a 2 log10 decline in HCV RNA from baseline, yet
detectable viremia at 12 wk after receipt of 1.0 mcg of
peginterferon alpha-2b weekly and 800 mg ribavirin
daily. Although only 8 patients were treated in this
fashion, 7 of the 8 (88%) achieved an SVR, which is a
profound improvement relative to a SVR of 21% in slow
responders treated for 48 wk in the phase Ⅲ trial of
peginterferon alpha-2b and ribavirin[23]. The suboptimal
dosing of ribavirin and the paucity of patients studied
are the limitations of this analysis.
Furthermore, results from a large, prospective,
multicenter trial from Germany support the extension
of therapy duration in slow responders to peginterferon
and ribavirin[28]. 459 treatment-naïve genotype 1-infected
patients were randomized to 48 wk vs 72 wk of
peginterferon alpha-2a, 180 mcg weekly and ribavirin,
800 mg daily. 22% of patients were slow virologic
responders to therapy, defined by virus detectability at
12 wk of treatment, but with viral undetectability at
24 wk. Slow responders in the 72 wk group had lower
relapse rates than did slow responders treated for 48 wk
(40% vs 64%, respectively; P = 0.021) and had similar
end-of-treatment responses; thus, rates of SVR for this
subgroup of patients were significantly higher when
treated for 72 wk compared those treated for 48 wk
(29% vs 17%, respectively; P = 0.04). Patients with low
levels of viremia (less than 6000 IU/mL) at 12 wk of
treatment derived the greatest benefit from extended
duration therapy. Thus, the investigators concluded
that in slow virologic responders to treatment, relapse
rates could be reduced and rates of SVR could be
augmented by extending therapy to 72 wk. Nonetheless,
the slow responders represented only a subgroup of
those randomized, and the conclusions were garnered
retrospectively. Moreover, the 800 mg ribavirin used
in the trial is an inadequate dose for most genotype
1-infected patients [9]. It should also be emphasized
that, for the majority of patients randomized to
72 wk of therapy, there was no statistical benefit relative
to 48 wk of treatment. Overall, SVR rates were 54%
and 53%, respectively (P = 0.8), and relapse rates were
likewise statistically similar. Thus, extended duration
www.wjgnet.com

3624

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

therapy is generally not recommended for all treatmentnaïve patients with genotype 1 infection and should
be considered only for those with the slow responding
phenotype. Finally, although patients in both the standard
and extended duration treatment arms had similar rates
of medication dose reduction and adverse events, the rate
of premature therapy discontinuation was higher in the
extended treatment arm compared to that in the standard
treatment arm (41% and 24%, respectively).
Another randomized, multicenter clinical trial from
Spain, the TeraViC-4 study, prospectively evaluated the
effects of extended therapy duration with peginterferon
alpha-2a (180 mcg weekly) and ribavirin (800 mg
daily)[29]. Treatment-naïve patients with detectable HCV
RNA levels at week 4 (n = 326) were randomized to
a therapy duration of 48 wk (n = 165, 149 of whom
were genotype 1-infected) or to 72 wk (n = 161, 142
of whom were genotype 1-infected). Thus, in this case,
a slow responder was defined by absence of a rapid
virologic response, and only slow responders were
randomized to extended therapy. In TeraViC-4, the 12
wk virologic responses were not reported. Although
end-of-treatment responses for patients with genotype 1
infections were statistically similar in both extended and
standard treatment arms (62% vs 58%, respectively; P =
0.53), SVR rates were superior in the extended treatment
arm (44% vs 28%, respectively; P = 0.003), by virtue of
a diminution of relapse rate (17% vs 53%, respectively;
P = 0.002). The incidence of adverse events and dose
reductions were similar in both groups; yet, treatment
discontinuation was more frequent in the extended
therapy arm compared to the standard duration arm
(36% vs 18%, respectively; P = 0.0004). In fact, one
of the study’s limitations was this inordinate number
of premature terminations in those randomized to
prolonged therapy, largely because of patient preference.
Other limitations were the lack of central testing for
viral load measurements and the inclusion of patients
with other genotypes besides one. Like that of the
German study, the primary weakness of this trial may
have been the suboptimal dose of ribavirin utilized (800
mg for genotype 1 virus).
In another prospective study from the United States,
we randomized genotype 1-infected slow-responders
to 48 or 72 wk of peginterferon alpha-2b (1.5 mcg/kg
weekly) and weight-based ribavirin (800 to 1400 mg
daily) [30]. In our trial, slow response was defined by
achieving at least a 2 log 10 decrement in HCV RNA
from baseline, yet having detectable viremia at 12 wk
but undetectable virus at 24 wk (PCR, lower limit of
detection 10 IU/mL). One hundred twelve of our
treatment-naïve patients were deemed slow-responders
who represented about 30% of our patients. This
percentage was felt to be high secondary to difficult-totreat baseline characteristics: 26% had bridging fibrosis
or cirrhosis on pre-treatment liver biopsy; 48% were
African American; 34% were obese defined by greater
than or equal to 30 kg/m 2 ; 78% had high baseline
viral load (more than 800 000 IU/mL) and 18% had
impaired fasting glucose, pre-treatment. Similar to the
www.wjgnet.com
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aforementioned European trials, we did not observe a
higher number of adverse events or therapy reductions
in the extended treatment arm relative to the control
arm. However, unlike in the other studies, we did not
see a greater treatment cessation rate in the prolonged
therapy arm; in fact, none of the therapy terminations
occurred between weeks 48 and 72. Growth factors
were prohibited, yet peginterferon dose reductions for
neutropenia were made only if counts were less than
500/mm3. Similar to those of the slow-responders in
Spain, our randomized patients saw equivalent end-oftreatment response rates in the 72 wk arm vs the 48 wk
arm (48% vs 45%, respectively; P = 0.75), yet enjoyed
improved relapse rates with therapy prolongation (20%
vs 59%, respectively; P = 0.004). Overall, rates of SVR in
slow-responders were superior with treatment extension
(38%) compared to those of standard duration therapy
(18%, P = 0.03). The primary limitation of our analysis
is it was conducted in a single medical center.
African Americans, a group with inferior responses
to interferon-based therapy[31-33], may likewise benefit
from a treatment extension strategy if slowly responsive
to treatment. When compared to non-Hispanic whites
receiving combination therapy, African Americans
showed smaller phase 1 and phase 2 declines in viral
load [34] ; thus, it was unclear if African Americans’
viral kinetics on therapy would be analogous to those
of white “late” responders. Nearly half of our slow
responders were self-identified as African American
(n = 48) and were randomized to 48 and 72 wk
treatment arms in our Atlanta study described above[30].
Although overall, African American slow responders
had expected inferior SVR rates to those of whites (17%
and 39%, respectively), the former group still benefited
from treatment extension because of reduced relapse
rates. End-of-treatment response rates were 24% vs 26%
for 48 and 72 wk of treatment, respectively (P > 0.05),
and SVR rates were 12% vs 21%, respectively (P = 0.02).
Results should be interpreted with caution, however,
because this ethnic group’s response rates were derived
from subgroup analysis.
Preliminary results are available from a multicenter
trial in Europe that also utilized extended therapy for
slow-responders to peginterferon alpha-2a (180 mcg
weekly) with weight-based ribavirin (1000-1200 mg
daily)[35,36]. Of the 373 patients treated, 11% were slowresponders to therapy, defined by having detectable virus
at 12 wk (> 50 IU/mL), yet still at least 2 log10 below
baseline, and thus randomized to complete standard
duration therapy of 48 wk or extended treatment to
72 wk. None of these slow-responders had achieved
undetectable virus at 4 wk. Over 90% of patients had
genotype 1 infections, and the remainder was infected
with genotype 4 virus. As in the previously described
studies, extended therapy compared to that of standard
duration improved SVR rates in slow-responders (69%
vs 52%, respectively; P value not available) by virtue of
a decrease in relapse rates (18% vs 32%, respectively; P
value not available). Although treatment discontinuation
data are not available for slow-responders specifically,
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Table 1 Studies of extended therapy for treatment-naive, genotype 1-infected slow responders to pegylated interferon with ribavirin
P value
Sustained
(sustained
virologic
response rates response)

Number Treatment Definition of slow
Country(ies)
response
in which studies of subjects duration
(assay sensitivity)
(wk)
studied
performed

Pegylated
interferon
type and
weekly dose

Ribavirin
daily dose
(mg)

End-oftreatment
responses

Relapse
rates

Spain, Israel[27]

Alpha -2b
1.0 mcg/kg

800

100%

13%

88%

Alpha 2-a
180 mcg

800

47%
49%

64%
40%

17%
29%

0.04

Alpha 2-a
180 mcg

800

58%
62%

53%
17%

28%
44%

0.003

Alpha 2-b
1.5 mcg/kg

800-1400

45%

59%

18%

0.03

48%

20%

38%

Alpha 2-a
180 mcg

1000–1200

Not
available

32%

52%

18%

69%

5%3
19%

100%3
60%

Pending

Pending

8

72

≥ 2-log10 12 wk

Germany[28]

100
106

48
72

decrease1
(100 IU/mL)
> 50 IU/mL at wk
12 (50 IU/mL)

Spain[29]

149
142

48
72

> 50 IU/mL at wk
4 (50 IU/mL)

49

48

≥ 2-log10 12 wk

72
48

decrease1
(10 IU/mL)
≥ 2-log10 12 wk

162

72

decrease1
(50 IU/mL)

21
52

48
72

≥ 2-log10 12 wk

63
63

48
72

≥ 2-log10 12 wk

United States[30]

52
[35,36]

Europe

Italy

[37]

Europe,
Canada,
Israel[38]

25

2

1

decrease
(50 IU/mL)

decrease1
(30 IU/mL)

Alpha -2b
1000-1200
1.5 mcg/kg or
Alpha -2a
180 mcg
Alpha -2b
800-1400
1.5 mcg/kg

0%3
8%

Pending

Major study
limitation (s)

Not
Few subjects
applicable suboptimal
ribavirin dose
Retrospective
subgroup
analysis
suboptimal
ribavirin dose
Suboptimal
ribavirin dose
Single center

Not
Few subjects
available some genotype
four infections
0.34

Subgroup
analysis

Pending Pending

1

Detectable viremia at 12 wk and undetectable viremia at 24 wk required; 2Less than 10% genotype 4 infections; 3One of twenty patients had an end-oftreatment response, but relapsed; 4Not statistically significant.

patients who received extended duration therapy had
a greater number of treatment discontinuations (17%)
compared to those on standard duration therapy (4%).
Limitations of this study are the small numbers of slowresponders analyzed (41 patients) and the mixture of
genotype 1- and 4- infected patients.
Finally, a recently published, randomized, multicenter
study from Italy assessed the utility of variable therapy
duration, including a treatment extension strategy,
based on the time to a patient’s first undetectable HCV
RNA [37] . 696 genotype 1-infected treatment-naive
patients were randomized to a standard duration or a
variable duration therapy arm in a 2:1 ratio. Patients
were treated with either peginterferon alpha-2a (180 mcg
weekly) or peginterferon alpha-2b (1.5 mcg/kg weekly),
both with weight-based ribavirin (1000-1200 mg daily).
Irrespective of first time to viral undetectability in serum
(< 50 IU/mL), 237 patients in the standard therapy arm
received treatment for 48 wk, unless patients did not
achieve EVR at week 12 or had detectable virus at week
24, at which time therapy was discontinued. However, in
the variable duration arm, patients were treated for 24,
48 or 72 wk if serum HCV RNA were negative at 4, 8,
or 12 wk, respectively. Patients were likewise treated for
72 wk in the variable duration arm if they had at least a
2 log 10 decline in ser um RNA from baseline yet
detectable viremia at 12 wk of therapy (slow-responders).
Overall, based on the rates of SVR, the standard
and variable duration treatment arms were statistically
equivalent. Nonetheless, the study proved prospectively

that the longer the virus is undetectable on therapy, the
better the chance of achieving a SVR, regardless if a patient
had received treatment of a standard or variable duration.
In the standard duration arm, 87%, 70% and 38% of
patients first attaining undetectable viremia at 4, 8 or 12 wk,
respectively, achieved SVR; in the variable duration group,
corresponding SVR rates were 77%, 72% and 64%.
More pertinent to this discussion is the fact that
the study’s slow-responders in the standard treatment
duration arm (n = 21) did not achieve SVR in a single
case (0%), and those slow-responders treated for 72 wk
(n = 53) saw an SVR of only 7.5%; nonetheless, the
results were not statistically significant (P = 0.3).
Moreover, 10 of the slow-responders treated for 72 wk
voluntarily withdrew from the study compared to only
3 patients treated for 48 wk, suggesting that prolonged
therapy was not well-tolerated. Most intriguing, patients
who achieved undetectable virus for the first time at
12 wk of therapy (having detectable viremia at week
8), enjoyed improved SVR rates when treated for 72
wk compared to 48 wk in 64% and 38% of cases,
respectively (difference -25.4, CI: 22.3-28.4). Extended
therapy, even in these “complete” early virologic
responders, seemed to have improved SVR rates because
of a decline in relapse (43% in standard group, and 15%
in variable group). The authors deemed this difference
“…substantial, (and) may warrant a prospective trial.”
The most important limitations of this last study are
the large number of patients in the variable treatment
duration arm who discontinued therapy because of poor
www.wjgnet.com
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compliance (49% of all treatment discontinuations),
and the relative paucity of patients on which subgroup
analysis was performed. For example, only 21 slowresponders were treated for 48 wk.
The Study to Assess Treatment with Pegylated
Interferon Alpha-2b and Ribavirin in Treatment-Naive
Patients with Chronic hepatitis C and slow virologic
response (SUCCESS) is a multinational study in 133 centers
across Europe, Canada and Israel designed to compare
response rates of slow-responders to either 48 or 72 wk of
therapy[38]. Slow-response is again defined by patients with
genotype 1 infection who had at least a 2 log10 reduction,
albeit detectable, HCV RNA levels at 12 wk compared
to baseline and undetectable virus at week 24. As of late
2006, 126 patients were deemed slow-responders and were
randomized into standard and extended therapy duration
arms (Table 1). Final results should be available sometime
later in 2008 or in early 2009.
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CONCLUSION
Treatment extension has been attempted with varying
degrees of success using alternative interferons[39,40], in
those with relapse[40] or non-response to peginterferonbased therapies [41] and in those who are HCV-HIV
coinfected[42,43]. Details of these analyses are beyond the
scope of this review.
Certainly, not every treatment-naive patient with
genotype-1 infection benefits from therapy prolongation.
However, a subgroup with a delayed or slow response
to therapy (approximately 15% of patients) may enjoy
improved rates of SVR with treatment extension to
72 wk, largely because of a relapse diminution. Data on
therapy prolongation in slow-responders are summarized
in Table 1. Compared to patients receiving therapy of
standard duration, those in extended treatment groups
have experienced higher discontinuation rates in most,
but not all, studies to date; however, the numbers
of adverse events and dose reductions appear to be
equivalent. Clearly, if treatment prolongation is utilized,
adherence to therapy is paramount. Finally, the use of
72 wk for slow virologic responders to peginterferon
and ribavirin may be cost-effective compared to 48 wk,
or standard duration therapy[44]. Thus, therapy extension
in slow-responders seems to be a reasonable strategy to
ameliorate response rates in a group with notoriously
poor treatment results.
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Abstract
Biliary cyst tumors (cystadenoma and cystadenocarcinoma) are an indication for liver resection. They
account for only 5% of all solitary cystic lesions of
the liver, but differential diagnosis with multiloculated
or complicated biliary cysts, atypical hemangiomas,
hamartomas and lymphangiomas may be difficult.
The most frequent challenge is to differentiate biliary
cyst tumors from hemorrhagic cysts. Computerized
tomography (CT) and magnetic resonance imaging
(MRI) are often not diagnostic and in these cases fine
needle aspiration (FNA) is used to confirm the presence
of atypical biliary cells. FNA, however, lacks adequate
sensitivity and specificity and should always be used in
conjunction with imaging. Pre-operative differentiation
of cystadenoma from cystadenocarcinoma is
impossible and surgery must be performed if a biliary
cyst tumor is suspected. When multiple cystic lesions
are observed throughout the liver parenchyma, it is
important to exclude liver metastasis, of which colonic
cancer is the most common primary site. Multiple
biliary hamartomas (von Meyenburg complex) can
appear as a mixture of solid and cystic lesions and can
be confused with cystic metastasis. Strong and uniform
T2 hyperintensity on MRI is usually diagnostic, but
occasionally a percutaneous biopsy may be required.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Although rare, cystic neoplasms of the liver may
represent a diagnostic challenge in everyday practice.
Cystic tumors may be solitary or multiple and vary from
the most benign (e.g. simple cysts, hamartomas) to
potentially malignant (cystadenoma) or overtly malignant
(cystadenocarcinoma). There are also atypical cystic
presentations of normally non-cystic tumors, like cystic
hemangiomas or cystic hepatocarcinomas and congenital
diseases presenting as diffuse cyst-like involvement of
the liver (Caroli’s disease and von Meyenburg complex)
that must be differentiated from cystic metastasis.
The most important issue in the case of solitary cystic
tumors is to distinguish biliary cystadenoma and
cystadenocarcinoma from other benign conditions that
require only observation of the patient.

SOLITARY CYSTIC TUMORS
Cystadenoma is a biliary cyst tumor arising from
biliary epithelium. With its malignant counterpart
(cystadenocarcinoma), it accounts for less than 5% of
all cystic lesions of the liver; but it is dangerous for
its propensity toward local recurrence and malignant
change[1,2]. These tumors usually present in middle aged
women with a mean age of 50 years and have a great
variability in size, ranging from 1.5 cm to 30 cm. The
majority of patients are asymptomatic, but in the case of
large tumors they may present with a palpable mass and
cause symptoms[3]. Cystadenocarcinoma can arise de novo
or from a pre-existent cystadenoma, from which it is
difficult to differentiate since both have a multiloculated
a p p e a r a n c e a t u l t r a s o u n d ( U S ) , c o m p u t er iz ed
tomography (CT) and magnetic resonance imaging
(MRI). Cystadenoma has thinner septa and a less thick
and more regular walls than cystadenocarcinoma [4].
However, internal papillary projections and foldings with
arterial enhancement of the external wall at dynamic
CT scan and MRI may be present in both tumors, so
that imaging itself cannot reliably differentiate these
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Figure 1 T1 weighted MR image (A) and ultrasound examination (B) showing a large cystic lesion of the left liver lobe with a thick and irregular septum, raising the
suspicion of a biliary cystadenoma, and Doppler ultrasound (C) showing vascular signals within the septum disclosing a focus of cystadenocarcinoma confirmed in the
surgical specimen.

neoplasms. Internal septa and papillary projections are
more often hypovascular in the case of cystadenoma,
and the demonstration of vascular signals at color
Doppler can be a sign of its malignant transformation
(Figure 1). The diagnosis of cystadenocarcinoma is
straightforward only when ultrasound, CT scan or MRI
shows nodular septa and thick, irregular walls with
strong contrast enhancement, but in many cases there
are overlapping features. Intracystic hemorrhage and fine
punctuate calcifications may present in both conditions
and can also be observed in complicated hemorrhagic
cysts, their role as diagnostic criterion are, therefore,
doubtful [5] . Fine needle aspiration can be used to
differentiate a biliary cyst from other benign conditions
and from a single metastasis, but is totally unreliable in
differentiating cystadenoma from cystadenocarcinoma,
since small neoplastic foci are undetectable by fine
needle aspiration and may be revealed only in the
surgical specimen[6].
In conclusion, there is no definite, reliable criterion
for differentiating cystadenoma from cystadenocarcinoma and the correct diagnosis is often made only
in the surgical specimen.
The majority of biliary cyst tumors do not usually
communicate with the bile ducts, although direct
luminal communication is occasionally observed. In
these cases, dysplastic mucinous epithelium itself may
proliferate within the bile ducts and cause obstruction[7].
This variant is considered an intraductal papillary
neoplasm with prominent cystic dilatation rather than
a true biliary cyst neoplasm and must be differentiated
from biliary papillomatosis and cholangiocarcinoma of
intraductal growth type. CT and MRI are insufficient
to show the luminal communication, probably because
the communication is too narrow, while intraoperative
cholangiography can establish the correct diagnosis.
Intraductal spreading of neoplastic cells into the bile
duct portends a poorer prognosis of this variant of
biliary cyst tumor.
If it is practically impossible to distinguish preoperatively cystadenoma from cystadenocarcinoma,
every effort should be made to differentiate these
neoplasms from biliar y cysts and other benign
tumors without malignant potential. In case of simple
cysts, without internal septa or papillary projections,

cystadenoma can be reliably excluded and the patient
can only be observed. In case of multiloculated biliary
or complicated biliary cyst (hemorrhagic cyst), imaging is
often not reliable in ruling out cystadenoma. The most
challenging differential diagnosis is hemorrhagic cysts
where ultrasound can visualize internal clots as papillary
excrescences or nodular and irregular septal images.
CT scan is less sensitive than ultrasound in visualizing
intracystic blood clots and at times it can only depict
homogeneous low density areas inside a huge cyst. In
these cases, a discrepancy between US and CT may
suggest the correct diagnosis of hemorrhagic cysts.
Recently MRI has been shown to be helpful. It was
reported that high signals from clot formation could be
detected both in T1 and in T2 weighted sequences, and
are useful in differentiating it from cystadenocarcinoma,
which usually exhibits low signals[8]. It should be noted
that if a hemorrhagic cyst is suspected, MRI should not
be delayed because hemorrhagic signal intensity becomes
rapidly low when clots are liquefied[9]. History, on the
contrary, is totally unreliable to suspect a hemorrhagic
cyst since intracystic hemorrhage can occur in the
absence of any symptom [10] . In the presence of a
complicated or multiloculated hepatic cyst, a fine needle
aspiration (FNA) of intracystic fluid can be performed to
rule out a biliary cyst neoplasm. The presence of atypical
cells, mucinous material and elevated levels of CEA and
CA19-9 in the cystic fluid has been typically observed
both in cystadenoma and in cystadenocarcinoma, but not
in hepatic cysts[11,12] although CA19-9 is equally expressed
in paraffin-embedded tissues from both hepatic cysts and
biliary cyst neoplasms[13]. To complicate things further,
high CA19-9 cyst-fluid levels have been occasionally
found in complicated hepatic cysts [14] and data on
CA19-9 serum levels are scanty and inconclusive[13,15].
The macroscopic appearance of the intracystic fluid
is likewise useless since in biliary cyst tumors it can be
mucinous, but also bile stained or clear, as it occurs
when there is abundance of ovary stroma[16]. On the
whole, FNA alone does not have adequate sensitivity and
specificity to confirm or exclude biliary cyst tumors and
should be always evaluated together with imaging.
Similar to intracystic bleeding, non suppurative,
granulomatous infection of a biliary cyst may simulate
cystadenoma and cystadenocarcinoma by the presence
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of a thickened wall and a solid component infiltrating
the peri-cystic surrounding tissue, thus mimicking a
neoplastic lesion [17]. On the other hand, suppurated
hepatic cysts and echinococcal cysts do not generally
pose diagnostic problems. Sonography can easily
differentiate the mobile internal debris typical of
abscess formation or the multilayered appearance of
the echinococcal cystic wall, and only an unexperienced
sonographer can confuse the multiloculated appearance
of cystadenoma with multiple daughter cysts of
echinococcus[18]. When in doubt, the presence of antiechinococcal antibodies is diagnostic.
Mesenchymal hamartoma is an uncommon benign
lesion composed of bile ducts, immature mesenchymal
cells and hepatocytes and may appear as a multiseptated
cyst, causing confusion with biliary cystadenoma.
Isolated septal calcification can be observed in both
lesions and does not aid in the correct diagnosis[19]. Most
of the cases are diagnosed in childhood when it presents
as a large cystic mass[20] and very few cases have been
reported in adults[21]. FNA can be diagnostic by showing
clusters of both epithelial and mesenchymal spindleshaped cells with pieces of loose connective tissue[22].
Ciliated hepatic foregut cyst is a very rare benign
lesion arising from an abnor mal budding of the
primitive foregut and lined by stratified ciliated columnar
cells, similar to the bronchial epithelium. These cysts
are often anechogenic, but at times they may show
internal echoes and can reach considerable dimensions
posing differential diagnostic problems of cystadenoma.
The typical subcapsular location in segment Ⅳ and
the presence of a strong T2 hyper-intensity with
T1 signal variability on MRI are quite characteristic.
Another helpful clue may be the presence of scattered
hyperecogenic spots within the cystic wall with no
acoustic shadowing, which are related to cartilaginous
remnants[23].
Abdominal lymphangioma may be occasionally
located in the liver and appear as a single multiseptated
lesion [24]. If this diagnosis is suspected, fine needle
aspiration is not recommended due to the risk of
massive lymphorrhea[25] and complete surgical resection
should be accomplished, even without a precise preoperative diagnosis.
Differential diagnosis with cystic hemangioma may
also be a problem, especially in the case of a giant
hemangioma, with large hypoechogenic central areas
simulating the giant cystadenoma. CT and magnetic
resonance imaging point out to the correct diagnosis
by showing an enhancing rim with globular vessels
and centripetal filling, with sparing of the large central
lacunar areas[26].
Hepatocellular carcinoma and cholangiocarcinoma
may occasionally present as a large hypodense and
multiseptated mass at CT scan, simulating a cystic lesion
or a biliary cyst tumor. In these cases, arterial phase
enhancement on dynamic CT and washing out of the
contrast material in the portal phase, are diagnostic[27].
Isolated mucin producing metastasis from melanoma
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or colon adenocarcinoma may at times simulate biliary
cyst tumors and even benign hepatic cysts. These
metastases may be associated to segmental dilatation
of the peripheral bile ducts, caused by the presence of
mucin casts occluding the bile ducts themselves[28].
Once a diagnosis of cystadenoma is made, surgery
should be performed in any case, because differential
diagnosis with cystadenocarcinoma is unreliable and
cystadenoma itself has a malignant potential. If the
pre-operative diagnostic work up, including cytologic
aspiration of the lesion, has not produced a definitive
diagnosis and surgery is performed because of a
suspected bile cyst tumor, an intraoperative biopsy of
the lesion is recommended since an extensive lymph
node resection would be required if the tumor is proved
to be a cholangiocarcinoma[14]. It is important that final
decisions regarding indications and type of intervention
are jointly discussed by the surgeon and a radiologist
expert in liver tumor imaging, particularly in the case
of cystic liver tumors, the most frequent mistake is
the resection of a complicated biliary cyst incorrectly
diagnosed as a cystadenoma.

MULTIPLE CYSTIC TUMORS
When multiple cystic lesions are observed throughout
the liver parenchyma, the most important diagnostic
problem is to exclude cystic liver metastases. The primary
tumor is usually colonic adenocarcinoma, melanoma,
carcinoid, breast or renal or ovarian cancer. Colonic
cancer is the common, accounting for about 50% of all
hepatic metastases[27]. The presence of intra- or peritumoral calcifications may suggest a specific diagnosis,
being more frequent in the case of gastrointestinal,
ovarian, breast and renal metastases compared to other
types of tumors[29]. The cystic nature of the metastasis
is secondary to the rapid growth and insufficient hepatic
arterial supply of the lesion, leading to a large central
necrosis simulating a cyst[30].
The differential diagnosis with polycystic liver disease
and multiple liver abscesses is usually an easy task on US
and CT scan. In case of cystic metastases, the borders of
the cystic lesions are heterogeneous and ill-defined, the
cystic wall is irregular and the vessels are amputated, but
not displaced as in polycystic liver disease. In addition,
cystic metastasis has a peripheral enhancing rim on the
arterial phase of CT scan and MRI[27], while polycystic
liver disease does not show any type of enhancement[31].
Another helpful sign may be the presence of peribiliary
cysts, such as small cysts with a diameter of less than
10 mm, located within the hilum and adjacent to the
hepatic ducts, more frequently on the left. These small
cysts are typically observed only in polycystic liver
disease and should not be confused with the segmental
biliary dilatations occasionally observed in the case of
metastasis or macronodular cirrhosis, which are less
regular and never adjacent to the main ducts[32].
Multiple hepatic pyogenic microabscesses are easy to
differentiate from metastasis by clinical symptoms and
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the presence of a late faint enhancing peripheral rim on
CT scan and MRI[33]. This rim is quite different from
the early arterial enhancing ring observed in the case of
metastasis. An additional sign pointing to liver abscesses
is the presence of air densities inside the lesions, which
is almost never observed in the case of cystic metastasis.
The differential diagnosis with other types of ductal
plate malformations, such as Caroli’s disease, Caroli’s
syndrome and von Meyenburg complex, may at times be
more difficult. Caroli’s disease is a congenital autosomal
recessive malformation characterized by diffuse or
segmental cystic dilation of the intrahepatic biliary
system. In Caroli’s syndrome, periportal congenital
fibrosis or multicystic renal diseases are observed
in addition to biliary dilations. In both cases, these
dilations are less regular than in polycystic liver disease
and have intraluminal protrusions or may be associated
to segmental dilation of the intrahepatic bile ducts,
thus simulating cholangiocarcinoma or multiple cystic
metastases. The presence of the “dot signs”, such as an
intracystic portal branch, surrounded by the dilated bile
duct and the demonstration of a communication of the
cysts with the biliary system on MR cholangiography, is
diagnostic and excludes liver metastasis[34].
Von Meyenburg complex and bile duct hamartoma
are small focal developmental lesions composed of
innumerable dilated bile ducts mixed with a dense
collagenous stroma. The dilated bile duct foci, contrary
to those observed in Caroli’s disease and Caroli’s
syndrome do not communicate with the biliar y
system [16]. Depending on the prevalence of fibrous
stroma or biliary dilation, these lesions can appear as
predominantly solid and cystic or intermediate and may
be easily confused with metastases, microabscesses
and even biliary cystadenocarcinoma[35]. Occasionally,
the differential diagnosis may be a real dilemma.
Although biliary hamartomas are more uniform in size
and measure less than 1 cm in diameter, CT scan and
ultrasound are often not specific. MRI, on the contrary,
can be very helpful by identifying strong hyper-intensity
in biliary hamartomas on heavily T2 weighted images
(Figure 2), often with a signal intensity similar to that of
the spleen[36]. These features, however, are not always
sufficient to make a precise diagnosis, especially in
intermediate or predominantly solid von Meyenburg
complex and a percutaneous or even surgical biopsy is

10 cm

Figure 2 T1 weighted images
showing the left multiple hypointense focal lesions of the
liver parenchyma simulating
metastases (A) and T2
weighted images showing a
strong hyper-intensity in Von
Meyenburg complex disclosing
its cystic nature (B).

occasionally required[37]. The issue is further complicated
by very rare reports on malignant transformation of
these hamartomas to cholangiocarcinoma, making this
type of cystic malformation the most challenging to
differentiate from cystic neoplastic lesions.
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Abstract
Laminin is a glycoprotein which has an important role
in the mechanism of fibrogenesis and is, thus, related
to hepatic fibrosis in addition to presenting increased
levels in several types of neoplasias. However, its
determination is not routinely considered in the
study of hepatic fibrosis. In this review, the authors
critically comment on the role of this glycoprotein
compared to other markers of fibrosis through noninvasive procedures (Fibroscan). They also consider
its clinical investigational potential and believe
that the continuation of these investigations might
contribute to a better understanding of the fibrogenic
mechanism, which could in turn either lead to the
identification of patients at risk of developing fibrosis
non-alcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) or at least be used as
an indicator for hepatic biopsy in such patients. Finally,
the authors believe that serum laminin determination
might contribute to the diagnosis of epithelial tumor
metastasis and peritoneal carcinomatosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Laminin was initially identified by TIMPL and MARTIN
in 1979[1], from a murine fibrosarcoma, the EngelbrethHolm-Swan (EHS) tumor. Its molecule is a large
complex (approximately 850 kilodaltons) made up of
three polypeptidic chains called α1 (with approximately
440 kDa), β1 e γ1 (each one with approximately
200 kDa). These chains are intertwined by disulphide
bridges, forming a characteristic cross-shaped asymmetrical structure[1-3].
Laminin is one of the main glycoproteins of the
basement membrane and participates in a series of such
biological phenomena as adhesion, migration, cellular
differentiation and growth, inflammatory response and
the maintenance of the cytoskeleton upon its binding to
several components of the matrix, such as collagen type
Ⅳ, heparan-sulphate and entacin[3-7].
Laminin receptors are also found on the surface
of a wide range of cells, such as platelets, muscle
cells, neutrophils, endothelial cells and hepatocytes[3,6].
Recently, the existence of a class of transmembrane
receptors for laminin known as integrins has been
demonstrated. These integrins are involved in the
mechanisms of cell-cell, cell-matrix and, more recently,
pathogen-cell adhesion[3,7,8]. Laminin binding proteins
have been described in a number of such pathogenic
agents as Staphylococcus aureus, Escherichia coli, Helicobacter
pylori (H pylori), and Candida albicans.

LAMININ IN THE LIVER
In normal liver, laminin is found around the vessels and
biliary ducts, where basement membranes are identified.
Little or only a slight reaction for antibodies against
laminin can be observed in the hepatic sinusoids[9,10]. In
this organ, glycoprotein is also involved in intracellular
activities, such as the normal differentiation of the
biliary ducts, genetic expressions for albumin messenger
RNA in hepatocyte, and regeneration with normal
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lobular organization following partial hepatectomy[11-14].
Laminin is thought to be synthesized by hepatocytes
and sinusoidal cells[14,15]. Among all cellular types in the
sinusoids, special attention should be given to stellate
cells or lipocytes, which produce the largest amount of
serum laminin.
With the development of hepatic cirrhosis, laminin
and collagen deposition occurs both along the fibers of
septal fibrosis and subendothelial sinusoids or Disse’s
space. At the latter site, laminin deposition, together
with collagen deposition, determine the formation
of a true basement membrane along sinusoids. This
phenomenon is called capillarization of Disse’s space[16].
Besides the increased production of laminin in the liver
an additional effect due to a lack of degradation of this
protein by liver endothelial cells should also be taken
into consideration. As demonstrated by Smedsrod et al[17]
in an experimental model, apart from an increase in
tissue deposition or turnover, there would be a decrease
in the liver’s ability to degrade this protein. With the
development of anti-laminin antibodies, directed
against the laminin P1 portion, increased levels of this
circulating protein were observed in the more advanced
stages of fibrosis in patients with hepatic disease[18-22] and
as expected these serum levels have a positive correlation
with portal pressure [21-26]. Kropf et al have proposed
laminin serum concentration as a sensitive screening
test for hepatic fibrotic disease and portal hypertension,
if the test is carried out together with hyaluronic acid
determination[21,22]. Laminin as an isolated parameter was
found to be highly sensitive, but with low specificity to
detect portal pressure above 5 mmHg.
We have assessed laminin serum levels in patients
with alcoholic liver cirrhosis and with preserved hepatic function in an attempt to evaluate its predictive
value for the risk of variceal bleeding, which is assessed
through a portal pressure level equal to or higher than
12 mmHg[26]. In these patients, serum laminin levels
were significantly correlated with portal pressure levels
(r = 0.70). Such correlation enabled us to find a cutoff level for serum laminin that could correspond more
closely to a portal pressure of 12 mmHg, accepted as a
threshold for esophageal rupture in those patients. As it
was found by others, these laminin levels presented very
low specificity and negative predictive values to identify
those patients with increased portal hypertension. In
fact, patients presenting laminin serum concentration of
less than 2.20 U/mL have almost 50% chance of having
or not a portal pressure of 12 mmHg or higher.
This low specificity of serum laminin determination
in portal hypertension could be related to the fact that
laminin levels reflect only structural changes and do not
take into account changes in the systemic and portal
blood flow, which contribute significantly to portal
pressure.
On the other hand, due to the great distribution of
laminin in the body’s basement membranes, and its limited
participation in the liver’s extracellular matrix, some
issues need to be further investigated and clarified as for
the origin of this protein. A study of concentrations of
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serum laminin in different vascular territories showed that
its levels in supra-hepatic veins were higher compared to
those found in the renal and femoral veins of patients
with fibrosis or hepatic cirrhosis[27], which would be
indicative of its hepatic synthesis. Similar findings were
also demonstrated in control and carbon tetrachloride
treated animals; there was also a significant correlation
found between laminin serum levels and the degree of
hepatic fibrosis[28] and an important increase was observed
in the concentration of this glycoprotein in the suprahepatic vein when compared to its amount in portal
blood[29]. However, the hepatic contribution was much
smaller in cirrhotic animals than in those with fibrosis
as the sole condition. This fact could point towards
decreased hepatic extraction of the protein or an increase
in laminin synthesis in other organs of the splanchnic
circulation, secondary to the venous congestion of this
system. The latter possibility seems to be reinforced by
studies with patients infected by Schistosoma mansoni. In the
hepatosplenic form of the disease portal hypertension is
due to periportal fibrosis, which determines pre-sinusoidal
portal hypertension with large splenomegaly. Because
these patients do not present hepatic cir rhosis,
collagenization and capillarization of with Disse’s space
are not usually found. In these patients, initial studies
revealed a significant increase in the levels of circulating laminin, when compared to patients presenting
hepatointestinal form and the control group[30-32]. This
increase correlated with the levels of portal pressure
measured via the splenic vein [30, 31]. But, when these
patients where submitted to splenectomy, a significantly
decrease in the levels of type Ⅳ collagen and laminin in
the serum of these patients was observed[32]. Since an
increased synthesis of basement membrane in the spleen
of such patients has been reported, the reduced levels of
laminin after splenectomy strongly suggest an important
participation of an extra-hepatic source for the serum
levels of laminin in these patients[33,34].
Thus, not only might circulating levels of laminin
reflect the hepatic processes of synthesis and degradation, but also the increase of the synthesis of basement
membranes, as a result of the congestion observed in
other splanchnic organs.
Hence, the use of serum laminin as a marker of
portal hypertension for clinical use suffers from other
extra-hepatic factors which might influence its blood
concentration. In addition, recent studies with Fibroscan
have found sensitivity and specificity for the diagnosis
of portal hypertension in cirrhotic patients far higher
than those found through the determination of serum
laminin[35,36].
Due to this relationship between laminin tissue
deposition and advanced fibrosis, serum levels of laminin have been used by several authors as a non-invasive
parameter to assess liver fibrosis in alcoholic patients as
well as in those presenting with viral hepatitis and hemochromatosis[37]. Such determination, however, was progressively discontinued as it did not demonstrate to be
superior to those of other such components of the extracellular matrix as TIMPs and hyaluronic acid. However,
www.wjgnet.com
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in recent studies laminin determination has been included
in a set of test together with PIIINP, hydroxyproline,
prothrombin activity, and AST/ALT in the diagnosis of
advanced fibrosis in chronic hepatitis C[35,38-41].
In non-alcoholic fatty liver disease (NAFLD),
however, laminin serum levels should be further investigated. In this condition, the fibrogenic stimulus in the
perisinusoidal region occurs earlier, with the detection of
pericellular and perisinusoidal fibrosis in the early stages
of fibrosis[39].
We have more recently been able to assess serum
laminin values in NAFLD, and to measure collagen type
Ⅳ and hyaluronic acid[42]. Ballooning and hepatic fibrosis
in these patients is associated with the progression of
the disease[43]. In this preliminary study, we analyzed the
discriminative ability of serum laminin, type Ⅳ collagen
and hyaluronan and hepatic enzymes levels to predict the
presence of fibrosis in 30 overweight patients divided
into two groups according to the absence or presence
of fibrosis upon liver biopsy. All the three biochemical
markers of fibrosis were able to differentiate between
these two groups, but laminin presented the best
correlation (rs = 0.65) with hepatic fibrosis and the
best diagnostic performance, with 87% accuracy. When
compared with the BAAT criteria proposed by Ratziu
et al [44], laminin values presented a better diagnostic
accuracy for the diagnosis of septal fibrosis (83% ×
70%) and for the presence of any fibrosis.
Although laminin was not evaluated, in a study with
112 patients with NAFLD, 70 of whom with at least
grade 1 fibrosis, Sakugawa et al[38] were able to confirm
our findings that hyaluronic acid and type Ⅳ collagen
were useful in discriminating the patients with fibrosis
from those with steatosis only. The subtle differences in
diagnostic accuracy performance for these biochemical
markers of liver fibrosis found in our study and that by
Sakugawa et al[38] might be attributable to the fact that
their study included a higher number of patients with
any given degree of fibrosis (62% × 37%) or advanced
fibrosis (37% × 10%). On the other hand, Lydatakis
et al[36] showed that HA determination was more useful
in the diagnosis of fibrosis than serum laminin and type
Ⅳ collagen. No correlation was observed among laminin
level and the grade of hepatic fibrosis, possibly due to
the method and patients selection. It’s important to take
into account the small number of studies on fibrosis
markers by indirect method.
In studies by Sakugawa et al [38] HA serum levels
have been well demonstrated to significantly increase in
cirrhotic patients when compared to the other degrees
of fibrosis. In this manner, the determination of serum
laminin values can not only play a useful role in the
identification of NAFLD patients with a certain degree
of fibrosis, but also in the distinction between patients
with simple steatosis and those with non-alcoholic
steatohepatitis (NASH) and a certain degree of fibrosis.
Finally, the determination of serum laminin values
might become a selection parameter of patients for the
indication of fibrosis. A study bearing this purpose is
currently being conducted in our laboratories.
www.wjgnet.com
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SERUM LAMININ IN NEOPLASTIC
DISEASES
Not only have serum laminin levels been studied in
patients with liver diseases, but also in patients with
cancer, especially in cases where tumor proliferation
and invasion are found. Serum values tend to increase
significantly with the emergence of metastases,
irrespective of tumor lineage or the organ originating
the neoplasm[45-48].
Hence, serum laminin could be regarded as a
tumoral marker in cases of alterations in the basement
membrane, proliferation and tumoral invasion[48]. In fact
serum laminin concentration is increased in metastatic
cancer of different origins as melanoma, gastric
adenocarcinoma, hepatocellular carcinoma, colorectal
cancer, epithelial ovarian tumor[49-52].
Grounded on these observations and the findings
by Byers et al[53] and Chu et al[54], who observed increased
concentrations of laminin in the ascites of metastatic
breast tumors, we decided to study the discriminative
ability for this glycoprotein in serum and in ascites
to (differentiate) discriminate between ascites due to
peritoneal carcinomatosis and hepatic cirrhotics[55]. By
using polyclonal antibodies against laminin isolated from
human placenta, a significant increase in serum and ascitic
laminin levels was observed in patients with peritoneal
carcinomatosis when compared to patients with hepatic
cirrhosis with or without hepatocellular carcinoma.
Although immunohistochemical studies have shown
important laminin deposition in cases of neoplastic
transformation of hepatocytes [56,57] and despite the
considerable representation of the group of patients
with HCC once they presented advanced disease with
large tumor masses with high serum alpha-fetoprotein
levels, blood and ascites laminin values did not
distinguish these patients from those with liver cirrhosis
without tumor complication. In benign and malignant
ascites, serum laminin values were higher and showed
excellent correlation with its value in the ascitic fluid
(r = 0.93, P < 0.0001). Thus, these findings indicated that
serum laminin levels can also be a marker of neoplastic
ascites. Indeed serum laminin showed high discriminative
ability for the diagnosis of malignant ascites, with 75%
sensitivity, 100% specificity and 91% accuracy[43].
So, considering the potential of laminin for clinical
investigation, it seems to us that more studies are
needed in order to clarify if there are still a place for
serum laminin determination in the diagnosis of hepatic
fibrosis in NAFLD and in the diagnosis of epithelial
tumors metastasis and peritoneal carcinomatosis.
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was found between resistin and cancer cachexia. Also,
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Abstract
AIM: To investigate the roles of the adipocytokines,
ghrelin and leptin in gastric cancer cachexia.
METHODS: Resistin, ghrelin, leptin, adiponectin,
insulin and insulin-like growth factor (IGF-Ⅰ), were
measured in 30 healthy subjects, and 60 gastric
cancer patients of which 30 suffered from cancerinduced cachexia and 30 served as a control group.
The relationships between hormones, body mass index
(BMI) loss ratio, age, gender, and Glasgow Prognostic
Score (GPS) were investigated.
RESULTS: Cachexia patients had higher tumor stage
and GPS when compared with non-cachexia patients
(P < 0.05). Ghrelin, resistin, leptin, adiponectin and
IGF-Ⅰ, showed a significant correlation with BMI loss
ratio and GPS (P < 0.05). A strong correlation was
seen between GPS and BMI loss (R = -0.570, P <
0.0001). Multivariate analysis indicated that BMI loss
was significantly independent as a predictor of ghrelin,
resistin, leptin and IGF-Ⅰ (P < 0.05). Existence of an
important significant relationship between resistin and
insulin resistance was also noted.
CONCLUSION: These results showed that serum
ghrelin, leptin, adiponectin, and IGF-Ⅰ play important
roles in cachexia-related gastric cancers. No relationship

INTRODUCTION
Cachexia, characterized by marked weight loss, anorexia,
asthenia and anemia, is often associated with the
presence and growth of a tumor and leads to malnutrition
secondary to the induction of anorexia or decreased
food intake [1]. As major mediators of metabolism;
growth hormone (GH) and insulin-like growth factor-Ⅰ
(IGF-Ⅰ) have attracted many researchers in the field
of cachexia associated gastrointestinal cancer[2,3]. Recent
evidence suggests that an intricate interplay between
multiple hypothalamic effector pathways and afferent
hormonal signals of diverse systemic origin (resistin,
leptin and adiponectin from adipocytes, ghrelin and
polypeptides from the gastrointestinal tract, and insulin
from the pancreas) is important in the regulation of
energy intake and expenditure[4].
Ghrelin was discovered as the peptide hormone that
stimulates the release of GH from the anterior pituitary
and has crucial roles in the regulation of food intake
and energy homeostasis in both humans and rodents[5].
It is produced primarily by the mammalian gastric
enteroendocrine cells of the oxyntic mucosa, likely the
www.wjgnet.com
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X/A-like cells[6]. It has been reported that there was an
increase in the levels of total ghrelin in cachectic lung[7],
breast and colon[8] cancer patients. Ghrelin infusion has
recently been shown to increase appetite in subjects
with cancer-induced cachexia[9]. Data on the association
between ghrelin levels and gastric cancer cachexia are
contradictory.
Leptin is a member of a group of adipocyte-secreted
proteins, collectively known as the adipocytokines.
Leptin acts in the central nervous system, particularly in
the hypothalamus, to suppress food intake and stimulate
energy expenditure[4]. Leptin levels were reported to be
low in gastrointestinal[10] and pancreatic cancers[11], and
high in breast and gynecologic cancer patients[12].
Resistin which is an 108-amino acid, 12.5-kDa peptide
hormone member of the cysteine-rich secreted protein
family, is also referred to as resistin-like molecules or
“found in inflammatory zone” molecules. Resistin has
mainly been studied in mice, in which there is compelling
evidence linking the protein to insulin resistance, obesity,
and type 2 diabetes mellitus[13]. There is only 55% amino
acid homology between human and murine resistin, and
findings have been inconclusive regarding a potential
role of resistin in human insulin regulation, obesity
and type 2 diabetes mellitus[14]. There is no information
about the role of resistin in cancer cachexia.
Adiponectin is a member of the adipocytokine
family. It is induced during adipocyte differentiation,
and its secretion is stimulated by insulin and IGF-Ⅰ[4].
A negative correlation between obesity and circulating
adiponectin has been well established and adiponectin
concentrations increase concomitantly with weight
loss[15,16]. Although low adiponectin levels were reported
among patients with weight-loss in advanced lung
cancer[16], there was no correlation between adiponectin
levels and cachexia in breast and colon cancer patients[8].
A more recent study demonstrated that an impaired
response of adiponectin, ghrelin, and leptin may play a
role in the pathogenesis of cancer cachexia with breast
and colon cancer[8]. However, the role of adiponectin in
gastric cancer patients is not clearly understood.
There is increasing evidence that the presence of
a systemic inflammatory response, as evidenced by
elevated concentrations of C-reactive protein (CRP), is
a prognostic factor independent of stage, performance
status and weight loss in patients with advanced cancer.
Recently, Forrest et al[17,18] have shown that an elevated
CRP and hypoalbuminemia may be combined to form a
score, the Glasgow Prognostic score (GPS), which has
prognostic value in patients with inoperable non-smallcell lung cancer.
The aim of the present study was to investigate: (1)
the nature of the relationship between serum levels of
resistin, leptin, adiponectin, ghrelin, and cancer related
cachexia; (2) the relationship of these three hormones,
insulin, IGF-Ⅰ and insulin-resistance; and (3) to evaluate
the relation between the hormones and GPS.

MATERIALS AND METHODS
The protocol was approved by the Gazi University
www.wjgnet.com
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Medical Faculty Ethics Committee and was conducted
between October 2005 and December 2006. All clinical
investigations described in this paper were conducted
within the guidelines mentioned in The Declaration of
Helsinki. Patients with a histopathological diagnosis
of gastric adenocarcinoma were included in the study,
while patients with gastric lymphoma and malignant
stromal tumors were excluded from the study for
homogenization. The contributors were informed of
the nature of the study and informed consent was
obtained.
Exclusion criteria
Patients were excluded if there was evidence of drug
or alcohol abuse defined as any use of reactional
drugs or more than two drinks per day; presence of
congestive heart failure (ejection fraction < 35% on a
echocardiogram or signs such as edema, dyspnea, or
jugular venous distension); severe liver disease; severe
chronic obstructive pulmonary disease; diabetes with
hemoglobin A1c levels greater than 7%; fasting plasma
glucose greater than 160 mg/dL or random glucose
levels greater than 200 mg/dL; presence of thyroid
diseases or renal failure; active infection (temperature
> 38℃ or other signs or symptoms of infection); history
of neuroendocrine tumor; use of glucocorticoids,
progesterone, testosterone or other orexigenic agents;
history of eating disorders or dysphagia; treatment by
chemotherapy, radiotherapy, or a major operation within
the last 6 mo prior to hospitalization; malignancy with
an obstructing lesion in the cardia or antrum together or
if patients refused consent.
Control group patients were chosen from healthy
people over 40 years of age, because the majority of
the patients were over 50 and most of the parameters
studied in the study were affected by age.
Demographic findings and anthropometrical
measurements
Clinical parameters obtained in the study included age,
gender, BMI, cancer localization and staging, cachexia,
performance status, and GPS. All pathology reports
were evaluated and data on tumor histology were
recorded. The extent of tumor spread was recorded
using the American Joint Cancer Committee TNM
Classification and Stage System. Patient height and
weight were measured and BMI was calculated as body
weight divided by height squared (kg/m2). Patients were
defined as cachectic, based on > 10% reduction in BMI
within 6 mo prior to admission, as calculated from
reported weight differences given by these subjects[1].
Performance status was evaluated by using the World
Health Organization (WHO) performance status.
Analytical methods
Blood samples were drawn from each subject between 8
and 9 AM, after an overnight bed rest for measurement
of the hormones, CRP, and fasting sugar, as well as a
complete blood count and chemistry. All samples were
stored at -80℃ until analytical measurements were
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performed, except for glucose, which was determined
immediately after blood was drawn.
Biochemical parameters
Routine laboratory measurements of hemoglobin,
albumin and CRP were conducted. Serum glucose
was measured using the glucose oxidase method.
Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated from fasting insulin and
glucose levels [fasting glucose (millimoles per litre
X fasting insulin microunits per millilitre)/22.5] as
previously described[19].
Prealbumin
Prealbumin concentrations in the serum were determined
using a commercial solid phase sandwich enzyme
linked immuno-sorbent assay (ELISA) kit from
Immundiagnostic® kit (Bensheim, Germany).
Hormone determination
Resistin, leptin, adiponectin, IGF- Ⅰ, and insulin
concentrations in serum were determined using a
commercially available ELISA kit from RayBiotech ®
(Norcross, GA, USA). The intra- and interassay coefficients of variation were less than 7%-10% for all
parameters.
Active ghrelin levels
For human ghrelin assessment, we used a RIA kit
(Linco Research®, Missouri, USA) which incorporates
an antibody that is specific for active ghrelin. The
sensitivity was 100 pg/mL (in a 100 µL sample size) with
a range of 100 to 10 000 pg/mL. The intra- and inter
assay coefficients of variation were 5.63% and 16%,
respectively.
Statistical analysis
All calculations and statistical tests were performed using
SPSS (version 13.00 software, SPSS, Inc., Chicago, IL,
USA). Descriptive data were expressed as mean ± SD.
Categorical parameters were expressed as percentage.
The study variables were compared between the study
groups using Student t-tests or ANOVA for continuous
variables and Fisher exact test for categorical variables.
For multiple comparisons, the Tukey test was used.
Pearson or Kendall’s tau-b correlation coefficient was
used to determine the relationship between continuous
variables. Multiple linear regression analysis was
performed to ascertain independent effects of BM, after
adjustment for age, gender, and differentiation of tumor
on adiponectin, ghrelin, leptin, and IGF-Ⅰ levels. All
significance tests were two-tailed.

RESULTS
Subjects characteristics and demographic finding
Sixty patients (30 cachectic and 30 non-cachectic), who
satisfied study criteria, were selected from 76 gastric
cancer patients admitted to our unit between the study
dates.
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The patient demographic characteristics are presented
in Table 1. There was no significant difference between
the ages of cachectic (63.6 ± 13.8), non-cachectic
(55.6 ± 13.3), and control patients (56.4 ± 3.0). There
was no difference with respect to gender within the
three groups. While 60% of non-cachectic patients had
stage 1 and 2 cancers, this rate was only 10% in cachectic
patients. The majority of cachectic patients were stage
3 (40%) or 4 (50%) and in non-cachectic patients, this
ratio was 25% and 15%, respectively (P = 0.007). None
of the non-cachectic patients were inoperable. On the
other hand, there were 2 inoperable patients (5%) in
the cachectic group (P < 0.05). There was no difference
between the two groups according to tumor location
and differentiation (P = 0.369). While the WHO score
for gastric cancer patients was significantly worse than
the control group (P < 0.001), there was no significant
difference between the WHO scores of cachectic and
non-cachectic groups (P = 0.108). Baseline biochemical
findings and changes in BMI and weights are listed in
Table 2. Changes in BMI and weight were significantly
higher in cachectic patients than the non-cachectic
patients (P < 0.001). Hb levels of cachectic patients were
significantly lower than the levels of control and non
cachectic patients (P < 0.001). There were no significant
differences in the levels of TSH, AST, creatinine, WBC
or lymphocytes in the three groups.
Ghrelin
Mean ghrelin levels were significantly elevated in cachectic
patients compared with non-cachectic cancer patients and
healthy control subjects (2 305 ± 818 ng/mL vs 1980 ± 913
ng/mL, and 1332 ± 620 ng/mL, respectively, P = 0.013;
Table 3). No significant difference in ghrelin levels between
non-cachexia and healthy control groups was observed.
A significant negative correlation was found between
the serum ghrelin levels and BMI loss in the previous
6 mo (R = -0.439, P = 0.008, Figure 1A). There was
also a positive significant correlation between the serum
ghrelin levels and age (R = 0.467, P = 0.039, Table 4),
and GPS (R = 0.327, P = 0.002).
Resistin
Mean resistin levels were significantly elevated in
cachectic patients compared with non-cachectic cancer
patients and healthy control subjects (P = 0.013). It was
found that resistin levels in non-cachectic gastric cancer
patients were significantly higher than the control group
(P = 0.042, Table 3). A significant negative correlation
was found between the serum ghrelin levels and BMI loss
in the previous 6 mo (R = -0.574, P < 0.001, Figure 1B),
and GPS (R = 0.387, P < 0.01, Table 4). There was
also a significant correlation between the serum resistin
levels and insulin (R = 0.348, P = 0.016), glucose
(R = 0.418, P = 0.0018), and HOMA-IR (R = 0.518,
P = 0.0001, Table 4).
Adiponectin
The average serum adiponectin levels were 36.5 ±
15.0 µg/mL in patients with cachectic gastric cancer,
www.wjgnet.com
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Table 1 Clinical characteristics of the subjects (n = 30)
Healthy controls

Patients with gastric cancer
Non-cachexia

Age (mean ± SD)
Gender (%)

56.4 ± 3.0

Male
Female
Tumor stage (%)

20 (67)
10 (33)

Ⅰ

Ⅱ
Ⅲ
Ⅳ
Tumor differentiation
Differentiated
Undifferentiated
Operability
Operable/No operable
Localization (%)
Cardia
Corpus
Fundus
Antrum
WHO performance status (%)
0
1
2
3
4
GPS
0
1
2

P value

Cachexia

55.8 ± 13.3

63.6 ± 13.8

25 (84)
5 (16)

23 (77)
7 (23)

6 (20)
12 (40)
8 (25)
4 (15)

0
3 (10)
12 (40)
15 (50)

0.0011
0.3442,3

0.0072
-

0.3472
26 (87)
4 (13)

23 (77)
7 (23)

30/0

28/2

0.3512
-

0.3692
-

3 (10)
6 (20)
3 (10)
18 (60)

2 (6)
10 (34)
0
18 (60)

30 (100)
0
0
0
0

9 (30)
14 (45)
6 (20)
0
1 (5)

3 (10)
11 (36)
6 (20)
7 (24)
3 (10)

30 (100)
0
0

18 (60)
12 (40)
0

1 (5)
17 (55)
12 (40)

0.1082, < 0.0013

< 0.0012,3

1

Patients with gastric cancer vs healthy control (ANOVA); 2Cachexia vs non-cachexia (χ2); 3Cachexia and non-cachexia vs
healthy control (χ2).

Table 2 Changes in BMI and body weight and baseline biochemical findings (n = 30, mean ± SD)
Healthy controls

Initial BMI (kg/m2)
Final BMI (kg/m2)
Change BMI (%)
Initial weight (kg)
Final weight (kg)
Change weight (kg)
Hb (gr/L)
TSH (mIU/mL)
AST (IU/L)
Creatinine (mg/dL)
WBC (× 109)
Lymphocytes (%)

Patients with gastric cancer

(n = 30)

Non-cachexia
(n = 30)

25.3 ± 2.3
26.7 ± 2.8
1.26 ± 2.6
75.4 ± 11.0
76.2 ± 10.2
0.15 ± 0.76
12.8 ± 2.8
1.96 ± 0.28
23.3 ± 8.3
0.81 ± 0.36
6.9 ± 1.2
22.3 ± 4.2

27 ± 5.1
24.8 ± 5.0
-4.0 ± 2.4c
73.8 ± 13.3
70.8 ± 16.3c
-2.9 ± 1.5c
12.6 ± 1.9
1.98 ± 0.85
28.7± 8.2
1.03 ± 0.27
7.1 ± 2.1
24.3 ± 3.8

Cachexia
(n = 30)
26.3 ± 2.5
20.3 ± 2.5a
  -5.7 ± 5.2a
70.0 ± 12.3
53.6 ± 13.0a
-10.4 ± 3.3a
11.1 ± 1.3a
2.11 ± 0.11
26.5 ± 5.1
0.97 ± 0.28
7.0 ± 2.2
23.98 ± 4.8

P value
(between groups)
(ANOVA)
0.985
0.002
< 0.001
0.436
0.001
< 0.001
< 0.001
0.492
0.088
0.085
0.230
0.156

a

P < 0.05 vs healthy controls and non cachexia; cP < 0.05 vs healthy controls.

22.6 ± 12.4 µg/mL in healthy controls, and 27.8 ±
11.9 µg/mL in the non-cachexia group. Thus, there was
a significant difference between the cachexia group and
healthy and non-cachexia groups (P = 0.006, Table 3).
However, there was no significant difference between the
serum adiponectin levels of healthy and non-cachectic
controls.
The association between adiponectin levels and BMI
loss in the last 6 mo is plotted in Figure 1C. A significant
www.wjgnet.com

negative correlation was found between the serum
adiponectin levels and BMI changes in the previous 6 mo
(R = -0.283, P = 0.028). Adiponectin showed a strong
positive correlation with GPS (R = 0.241, P = 0.008).
Leptin
Cachectic gastric cancer patients had significantly higher
serum leptin levels than healthy controls and noncachectic gastric cancer patients (3 405 ± 640 pg/mL
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vs 2623 ± 665 pg/mL and 2 810 ± 818 pg/mL,
respectively, P = 0.003, Table 3). No significant
differences in serum leptin levels between non-cachexia
and healthy control groups were observed. A significant
negative correlation was found between leptin levels and
BMI loss in the previous 6 mo (R = -0.438, P < 0.001,
Figure 1D). Leptin also showed a strong positive
correlation with GPS (R = 0.303, P = 0.003).
Albumin, prealbumin, CRP, and GPS
Albumin and prealbumin, markers of nutritional status,
were lower in gastric cancer patients when compared
with healthy and non-cachectic subjects (P = 0.03,
P = 0.001, respectively). The mean CRP levels were
significantly higher in cachexia patients than the levels

Figure 1 A: Correlation between serum ghrelin levels and BMI change in
the 6 mo before recruitment; B: Correlation between serum resistin levels
and BMI change in the 6 mo before recruitment; C: Correlation between
serum adiponectin levels and BMI change in the 6 mo before recruitment; D:
Correlation between serum leptin levels and BMI change in the 6 mo before
recruitment; E: Correlation between serum IGF-Ⅰ levels and BMI change in the
6 mo before recruitment. R: Pearson correlation coefficient.

of healthy and non-cachexia controls (P < 0.001).
CRP levels also increased significantly in non-cachectic
and healthy subjects (P < 0.05, Table 3). The average
GPS was significantly higher in cachexia patients than
non-cachectic cancer patients and healthy controls
(P < 0.001). BMI loss in last 6 mo showed a strong
negative correlation with GPS (R = -0.758, P < 0.0001)
and CRP (R = -0.570, P < 0.0001), however, a positive
correlation with prealbumin (R = 0.302, P = 0.019).
Glucose, insulin, and HOMA-IR
Fasting glucose levels increased borderline significantly
in cachectic patients compared with the healthy and
non-cachectic patients (P = 0.05). Insulin levels were
increased in non-cachectic gastric cancer patients when
www.wjgnet.com
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Table 3 All biochemical parameters in blood in whole subjects are shown
Healthy controls
(n = 30)
Albumin (gr/dL)
CRP (mg/L)
Prealbumin (ng/mL)
Fasting glucose (mg/dL)
Insulin (μIU/mL)
HOMA-IR
IGF-1 (pg/mL)
Resistin (ng/mL)
Ghrelin (ng/ml)
Adiponectin (μg/mL)
Leptin (pg/mL)

4.2 ± 0.2
5.95 ± 0.8
52.5 ± 8.3
102.7 ± 8.3
21.8 ± 9.0
5.58 ± 2.55
95.0 ± 30.1
18.1
1332 ± 620
22.6 ± 12.4
2810 ± 818

P -value
(between groups)
(ANOVA)

Patients with gastric cancer
Non-cachexia
(n = 30)

Cachexia
(n = 30)

4.0 ± 0.5
9.72 ± 4.3e
49.2 ± 6.4
105.7 ± 13.7
24.4 ± 6.3
6.58 ± 1.89
63.1 ± 13.1e
43.4e
1980 ± 913
27.8 ± 11.9
2623 ± 665

2.9± 0.2a
12.9 ± 2.2a
41.0 ± 12.3a
114.3 ± 13.8a
18.4 ± 6.0c
5.05 ±1.68
43.8 ± 9.5a
66.7a
2305 ± 818a
36.5 ± 15.0a
3405 ± 640

0.03
< 0.001
0.001
0.005
0.04
0.07
< 0.001
< 0.001
< 0.001
0.045
0.003

P < 0.05 vs healthy controls and non cachexia; cP < 0.05 vs non-cachexia; eP < 0.05 vs healthy controls.

a

Table 4 Bivariate correlation analysis between different hormones and age, GPS and other parameters

R
P
GPS
R
P
Insulin
R
P
Glucose
R
P
HOMA-IR R
P
Prealbumin R
P
Age

Resistin
0.115
0.687
0.387a
0.0017a
0.348a
0.016a
0.418a
0.0018a
0.518a
0.0001a
-0.218
0.082

Ghrelin
0.267a
0.039a
0.327a
0.002a
-0.126
0.339
0.194
0.138
-0.100
0.449
-0.223
0.087

Leptin
0.253
0.051
0.303a
0.003a
-0.225
0.084
-0.324a
0.012a
-0.181
0.166
-0.097
0.461

Adiponectin IGF-Ⅰ
-0.092
-0.331a
0.486
0.010a
a
0.241
0.363a
0.019a
0.004a
0.197
0.06
0.132
0.905
0.172
-0.358a
0.190
0.005a
-0.094
0.073
0.475
0.581
-0.341a
0.287a
a
0.008
0.026a

P: Pearson correlation coefficient; R: Kendall’s tau-b correlation coefficient.
Significantly correlations and aP < 0.05.

compared with cachectics (P = 0.04); however, there was
no significant difference between non-cachectic cancer
patients and healthy subjects (P > 0.05). After adjusting
for the presence of diabetes mellitus, HOMA-IR values
were not significantly different between groups. Only
glucose showed an inverse significant correlation with
BMI loss in 6 mo (R = -0.324, P = 0.012).
IGF-Ⅰ
IGF-Ⅰ levels significantly decreased in cachectic subjects
compared with healthy and non-cachectic subjects
(43.8 ± 9.5 pg/mL vs 95.0 ± 30.1 pg/mL and 63.1 ±
13.1 pg/mL; P < 0.05). Moreover, there was a significant
difference in IGF-Ⅰ levels between healthy and noncachectic cancer patients (63.1 ± 13.1 pg/mL vs 43.8 ±
9.5 pg/mL; P < 0.05, Figure 1E). IGF-Ⅰ also showed a
positive correlation with BMI loss in the previous 6 mo
(R = -0.679, P < 0.0001, Figure 1E) and GPS (R = 0.363,
P = 0.004); negative correlations with age (R = -0.331,
P =0.01) and fasting glucose (R = -0.358, P = 0.005,
Table 4) were observed.
Multivariate analysis results
Multiple regression analysis was used to evaluate the
role of BMI loss as a continuous variable, along with
www.wjgnet.com

Table 5 Multiple regression analysis with age, BMI change,
gender, and tumor differentiation as predictors of ghrelin,
leptin, adiponectin, and IGF-Ⅰ in gastric cancer patients
Resistin Ghrelin Leptin
Age

β
P

Gender

β

P
BMI change β
P

0.148
0.402
0.126
0.387
-0.583a
0.001a

0.168
0.305
0.286
0.085
-0.318a
0.009a

0.019
0.899
-0.339a
0.032a
-0.418a
0.008a

Adiponectin

IGF-Ⅰ

-0.323
0.053
0.057
0.726
-0.202
0.21

0.115
0.377
0.073
0.377
0.699a
< 0.0001a

β : Standardized coefficient. Significant regression analysis and aP < 0.05
are shown.

age, gender, and BMI change to predict ghrelin, resistin,
leptin, adiponectin, and IGF-Ⅰ levels. The results of the
regression model indicated that age was not a significant
predictor of hormone levels. Gender was a negative
independent significant predictor for leptin, and BMI was
found to be a negative independent significant predictor
for all parameters, except adiponectin (Table 5).

DISCUSSION
In this prospective study, BMI loss in gastric cancer
patients negatively correlated with serum active ghrelin,
resistin, adiponectin and leptin levels, but positively
correlated with the level of serum IGF-Ⅰ. It was also
noted that there was a correlation between resistin which
was found to be high in cachectic patients, and insulin
resistance, insulin and blood glucose.
Ghrelin an anabolic hormone, has several roles in
metabolism, appetite, nutrition, weight gain, gastric
motility, and gastric emptying. In addition, it has an
important role in the regulation of synthesis of GH,
IGF-Ⅰ, insulin, and leptin[4-6]. Total ghrelin levels in
cachectic patients with colon, breast and lung cancer
were significantly higher than the levels in non-cachectic
patients[7,8]. Garcia et al[20] showed that the ratio of active to
total ghrelin levels increased in cancer-induced cachexia.
In the same study, it was stated that the increase in active
ghrelin levels could have been explained by ghrelin
resistance. As the ratio of active/total ghrelin levels were
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in favor of active ghrelin in cancer cachexia, we evaluated
active ghrelin levels. Our study showed that active ghrelin
levels were higher in healthy subjects and non-cachectic
cancer patients, especially females. Although we were
not able to confirm the ghrelin resistance mentioned by
Garcia et al[20], we saw the indirect effects. Under normal
conditions, endogenous ghrelin increases GH secretion
and indirectly increases IGF-Ⅰ by stimulation of its
own receptors. However in our study, the existence of
a negative correlation between decreased IGF-Ⅰ and
ghrelin may show that efficiency decreases while the
levels of active ghrelin increase. These findings support
the presence of ghrelin resistance. It is also possible
that ghrelin levels could increase to compensate for the
increased metabolic rate and energy need, which was
hypothesized by Nagaya et al[21] Several experimental
studies have shown that ghrelin has an important role
in the regulation of insulin via controlling pancreatic
endocrine functions [22,23]. No significant relationship
between ghrelin and insulin, fasting glucose level and
HOMA-IR were found in the present study.
Resistin is a member of the newly discovered family
of cysteine-rich secretory proteins, called resistinlike proteins. The role of resistin in pathogenesis of
insulin resistance remains questionable, with conflicting
data in animal models and negative findings in clinical
observation[13,14]. The role of insulin resistance in cancer
cachexia occurrence is not fully understood[1,2]. From
this point of view, it came to mind whether resistin can
have effect in gastric cancer cachexia occurrence. There
are no clinical studies of serum resistin levels in cancer
cachexia. It has been shown that serum resistin levels
are high in lymphoma patients[24], but the resistin-tumor
cachexia relationship was not investigated in this study.
From this point of view, our study is the first study in
the literature. We found that serum resistin levels in
cachectic gastric cancer patients were significantly higher
than the noncachectic patients and healthy controls.
Resistin showed negative correlation with BMI loss.
The effect of resistin on cachexia is probably due to
insulin resistance and ineffective usage of glucose. The
existence of a correlation between serum resistin levels
and insulin, insulin resistance and blood glucose levels
supports this idea[25]. The role of leptin in modulating
the immune response and inflammation has become
increasingly evident and has been reviewed recently[26,27].
Complex interactions among the nervous, endocrine and
immune systems affect the leptin loop and the potential
role of these mediators in cancer-related cachexiaanorexia syndrome[8,11,12]. Wallace et al[10] showed that
serum levels of leptin did not differ between normal
subjects and patients with gastrointestinal cancer.
Other studies have shown that there is a relationship
between cachexia and leptin levels in pancreatic, lung,
breast, and colon cancer patients [8,11,12]. Wolf et al [8]
showed that changes in leptin levels in cancer cachexia
were significantly higher. Our results were similar to
this last study. It is known that leptin receptors are
found in β islet cells of the pancreas and inhibit insulin
secretion[28,29]. However, our study revealed that there
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was a reverse correlation between leptin and fasting
glucose levels, whereas no relation was found between
leptin, insulin resistance, and insulin levels.
It also has been showed that insulin resistance and
low serum IGF- Ⅰ levels are important factors for
cancer cachexia. These hormones are strongly anabolic
and increase muscle protein synthesis [1,2] . IGF- Ⅰ
concentrations increase with growth hormone and
testosterone administration, thereby accounting for some
of the effects of these hormones on muscle bulk and
strength. Low IGF-Ⅰ concentrations in malnourished
humans suggest a role for IGF-Ⅰ in the pathogenesis
of cachexia[30]. These findings showed that IGF-Ⅰ was
one of the most important factors in the gastric cancer
cachexia.
GPS was found to be an important parameter for
determining the prognosis of advanced cancers[17,18]. In
our study, besides the strong correlation between GPS
and BMI loss, significant correlations were found between
the GPS and the levels of hormones and cytokines which
could be very important for clinical evaluation. GPS which
is calculated using routine measurements of albumin and
CRP can help us in evaluation and management of the
cancer cachexia in clinical practice.
Adiponectin, which has an obvious anti-inflammatory effect, is inversely related to weight gain[4]. Serum
adiponectin levels were low in cases with increased
insulin resistance like obesity, type 2 diabetics, and
non-alcoholic fatty liver diseases[30]. However, serum
adiponectin levels decreased in patients who lost weight
voluntarily. High adiponectin levels are risk factors for
endometrial and breast cancer, whereas low levels are
risk factors for gastric cancers [31,32]. No relationship
was found between adiponectin and cachexia in breast
and colon cancer. In our study, a significant positive
correlation was found between adiponectin and BMI
loss, but multivariate analysis did not show BMI loss
as predictive for adiponectin. Adiponectin, which is
predominantly secreted from adipose tissues, might have
increased due to lipolysis which occurred with muscle
loss in the catabolic state. No correlation was found
between adiponectin, whose close relationship with
insulin resistance was known, and insulin, blood glucose
levels, HOMA-IR, or IGF-Ⅰ[4].
As a result, cachexia in gastric cancer is a complex
process in which ghrelin, resistin, leptin, adiponectin,
and IGF-Ⅰ function. It is of note that these hormones
have important roles in occurrence of cachexia in gastric
cancer patients. This study will be one of the corner
stones of the further studies about prevention and
treatment of cachexia.

COMMENTS
Background

Adipocytokines are the peptide hormones secreted from adipocytes and
have special roles in regulation of metabolism, glucose metabolism, and
inflammation. Ghrelin which is secreted from especially from the gastric fundus
has roles in regulation of blood glucose level, appetite and secretion of growth
hormone. In this study, the role of adiponectin, ghrelin, and insulin like growth
factor in gastric cancer patients with cachexia is evaluated.
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Significant correlation between cachexia and ghrelin, leptin adiponectin
and IGF-Ⅰ can inform more sophisticated studies about the mechanism of
cachexia. Despite sufficient nutritional support, cachexia is always an expected
morbidity in cancer patients. This study will help future studies about the
pathophysiology of the cachexia.

Innovations and breakthroughs

Although there have been several studies concerning nutritional support and
measurement of cachexia in cancer patients, there have not been many studies
about the pathophysiology. It is important to understand the behaviour of cancer
with cachexia and also to support the patient. Several factors contributing
to cancer biology demand attention. However, this study is original for being
the first evaluating the correlation between cancer cachexia and resistin. The
relationship between adipocytokines and colon, lung and breast cachexia have
been studied before. This study has investigated the relationship between
gastric cancer cachexia and adipocytokines.

Applications

To date, the treatment of cancer cachexia has gone no further than nutritional
and fluid-electrolyte support. Alternative treatment modalities may be identified if
the role of hormones and peptides in cachexia is well-understood. For example,
administration of recombinant ghrelin induces growth hormone secretion and
appetite.
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Terminology

Adipocytokines are secreted from adipocytes. They are peptide hormones that
have systemic effect. For example: resistin, adiponectin, leptin, etc. Cachexia
means loss of lipid, carbohydrate and protein in a short time.
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Peer review

This paper investigated resistin, ghrelin, leptin, adiponectin, insulin, IGF-Ⅰ in
gastric cancer subjects with and without cachexia and healthy controls. Ghrelin,
resistin, adiponectin significantly differed between subjects with and without
cachexia. The study was well described and appropriately presented. It’s an
important study.
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Abstract
AIM: To determine whether SP-TAT-apoptin induces
apoptosis and also maintains its tumor cell specificity.
METHODS: In this study, we designed a secretory
protein by adding a secretory signal peptide (SP) to
the N terminus of Transactivating Transcription (TAT)apoptin (SP-TAT-apoptin), to test the hypothesis that
it gains an additive bystander effect as an anti-cancer
therapy. We used an artificial human secretory SP
whose amino acid sequence and corresponding cDNA
sequence were generated by the SP hidden Markov
model.
RESULTS: In human liver carcinoma HepG2 cells,
SP-TAT-apoptin expression showed a diffuse pattern in
the early phase after transfection. After 48 h, however,
it translocated into the nuclear compartment and
caused massive apoptotic cell death, as determined by
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay and annexin-V binding assay.
SP-TAT-apoptin did not, however, cause any cell death
in non-malignant human umbilical vein endothelial cells
(HUVECs). Most importantly, the conditioned medium
from Chinese hamster ovary (CHO) cells transfected
with SP-TAT-apoptin also induced significant cell death

www.wjgnet.com

in HepG2 cells, but not in HUVECs.
CONCLUSION: The data demonstrated that SP-TATapoptin induces apoptosis only in malignant cells,
and its secretory property might greatly increase its
potency once it is delivered in vivo for cancer therapy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Apoptin or viral protein 3 (VP3), a protein of 13.6 kDa
derived from the chicken anemia virus (CAV), represents
a new anti-cancer tool with great potential[1,2]. It appears
to have innate tumor-specific, p53-independent [3,4] ,
Bcl-2-enhanced proapoptotic activity[4,5], and hence is of
considerable interest for efficient targeting and specific
elimination of cancer cells[3,4,6-8]. The antitumor activity of
apoptin appears to be linked to its ability to localize in the
nuclei of transformed cells, but not in those of primary
or non-transformed cells [9]. Therefore, apoptin has
been explored to achieve efficient targeting and specific
elimination of cancer cells.
To use apoptin in cancer therapy, efficient delivery to
or expression of apoptin in cancer cells is required. The
Human Immunodeficiency Virus (HIV) Transactivating
Transcription (TAT)-derived protein transduction
peptide is a small basic peptide that has been successfully
shown to deliver a large variety of materials, from small
particles to proteins, peptides and nucleic acids, across
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the cell membrane [10-12]. The region that conveys the
cell-penetrating properties appears to be confined to a
small (11 amino acids) stretch of basic amino acids (aa
47-57, YGRKKRRQRRR)[13]. This TAT transduction
domain has been successfully used to deliver apoptin to
cancer cells[14].
In this study, we designed a secretory TAT-apoptin
fusion protein by adding a secretory signal to the
N-terminal of the recombinant molecule to gain an
additive by-stander effect as an anti-cancer therapy.
Secreted TAT-apoptin from transformed cells enters
un-transformed cancer cells and causes apoptosis. We
employed an artificial human secretory signal peptide (SP)
whose amino acid sequence and corresponding cDNA
sequences were generated by an SP hidden Markov
model (SP-HMM)[15]. We demonstrated expression of
the secretory fusion protein (SP-TAT-apoptin) and
induction of apoptosis by the secreted protein in HepG2
cells.

MATERIALS AND METHODS
Generation and cloning of SP-TAT-apoptin
The human secretory SP was designed and optimized
by an HMM that has been used to predict, identify
and generate secretory SP sequences[15]. PCR was used
to amplify the apoptin gene and to incorporate the
TAT transduction domain and SP sequence upstream.
The primers were designed based on the published
sequences in GenBank (NC_001427), and synthesized
by Shanghai Sangon Biological Engineering Technology
& Services (Shanghai, China). The first pair of designed
primers were: 5′AAGAATGAACGCTCTGCAGG
AAGATACTCC-3′ (sense) and 5′-CTGCAGTCTTA
TACGCCTTTTTGCGG-3′ (antisense), with a product
size of 406 bp. The sense primer contains the TAT
transduction domain sequence. The second pair of
primers, which incorporated the secretor y signal
sequence into the TAT-apoptin fusion protein, were: 5′
GCTGCTGCTGCTGCTGCTGTGGCCCATGGTG
TGGGCCTATGGCAGG-3′ (sense) and the same
antisense primer as the first pair, with a product size of
466 bp. The templates used for generating recombinant
TAT-apoptin and TAT-GFP in the first round PCR were
the apoptin and gfp genes carried on pCDNA3.1-apoptin
plasmid [16] and pEGFP plasmid, respectively. The
conditions for both rounds of PCR were as follows: 30
cycles of 94℃ for 40 s, 56℃ for 40 s, and 72℃ for 1 min.
The PCR products obtained were TOPO® cloned into
the pLenti6/V5-D-TOPO® vector (Invitrogen, USA)
resulting pLenti6/V5-D-TOPO/SP-TAT-apoptin and
pLenti6/V5-D-TOPO/SP-TAT-EGFP. The plasmids
were transformed into Stbl3 TM Escherichia coli (E.coli)
(Invitrogen) by electroporation. The SP-TAT-apoptin
cDNA cloned in pLenti6/V5-D- TOPO® vector was
confirmed by restriction enzyme digestion and by DNA
sequencing.
Cell lines and cell culture
HepG2 human hepatoma cells, human umbilical vein
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endothelial cells (HUVECs) and Chinese hamster ovary
(CHO) cells were purchased from Keygen Company
(Nanjing, China). All cells were maintained and grown at
37℃ in DMEM (Hyclone, USA), supplemented with 1%
penicillin–streptomycin, and 10% fetal bovine serum in
an incubator with CO2 controlled at 5%.
Conditioned medium: The conditioned medium from
Chinese hamster ovary (CHO) cells transfected with
SP-TAT-apoptin. (CHO cells were cultured in a sixwell plate. The cells were transfected with the pLenti6/
V5-D-TOPO/SP-TAT-apoptin plasmid using the
LipofectamineTM 2000 protocol according to manufacturer’s
instructions (Invitrogen). After 6 h incubation, the cells
were washed with fresh culture medium and cultured for
an additional 24 h. The culture supernatants were then
collected and added, respectively, to the monolayers of
HepG2 cells and HUVECs grown in 24-well plates. )
Stbl3TM Escherichia coli : Stbl3TM E. coli for transformation as this strain is particularly well-suited for
use in cloning unstable DNA such as lentiviral DNA
containing direct repeats.
Reverse transcriptase-PCR (RT-PCR)
Cells were rinsed twice with PBS and total RNA
was isolated from cells using a Simply P Total RNA
Extraction Kit (Bioer, Japan) according to the
manufacturer’s instructions. One microgram of total
RNA was reverse transcribed to first-strand cDNA
with Superscript Ⅱ reverse transcriptase (Invitrogen)
at 46℃ for 45 min. Synthesized first-strand cDNA
was then subjected to PCR analysis using gene-specific
primers. The primers used were: CMV forward 5′
-CGCAAATGGGCGGTAGGCGTG-3′ and V5(Cterm) reverse 5′-ACCGAGGAGAGGGTTAGGGAT-3′,
with a product size of 700 bp. The PCR conditions were
as follows: 30 cycles at 94℃ for 40 s, 56℃ for 40 s, and
72℃ for 1 min for SP-TAT-apoptin; 25 cycles at 94℃
for 30 s, 60℃ for 45 s, and 72℃ for 1 min for β-actin
control. PCR products were run on 1.5% agarose gels
containing ethidium bromide and photographed using a
Syngene Gene Genius imaging system (Syngene, USA).
Transient transfection and fluorescence microscopy
Cells were cultivated in 24-well culture plates. In each
well, the cells were grown at 50%-80% confluency and
transfected with 400 ng plasmid DNA pre-incubated
with 1.4 μ L Lipofectamine TM 2000 (Invitrogen),
according to the manufacturer’s instructions. Coverslips
were placed at the bottom of the wells to allow the
cells grow on the slides. Apoptin expression was
detected with anti-V5-FITC antibody (Invitrogen) as
green fluorescence, and the cell nuclei were stained by
propidium iodide (PI) as red fluorescence. The cells
were incubated with anti-V5-FITC antibody in the dark
for 1 h and washed twice with PBS before staining with
PI. Fluorescence images were recorded on a confocal
imaging system equipped with krypton–argon laser (Leica
SP2 Confocal System, Germany).
www.wjgnet.com
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Figure 1 SP-TAT-apoptin expression in HepG2 cells (× 1000). Cells transfected with plenti6/V5-D-TOPO/SP-TAT-apoptin plasmid and fixed at 24 h (A) and 48 h (B)
post-transfection. Recombinant apoptin detected by anti-V5-FITC antibody is shown in green and cell nuclei stained by PI in red. Apoptin protein showed a diffuse
pattern in the cytoplasm at 24 h post-transfection, and in the nucleus at 48 h.

Flow cytometry
The loss of cell membrane asymmetry in apoptotic cells
was determined by using an Annexin-V FITC Apoptosis
Assay Kit (Keygen, China). Apoptin-expressing cells
were stained with annexin-V FITC as green fluorescent
cells, and the nuclei of the apoptotic cells were stained
by PI with red fluorescence. After staining, the cell
suspensions were analyzed on a Cytometric FC500
flow cytometer, and 105 events were collected for each
sample. Viable cells were defined as annexin-V FITC
and PI double-negative events.
Cell viability assay
Cell viability was also deter mined by the 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) dye reduction assay which measures
mitochondrial respiratory function[17,18]. Exponentially
growing cells were plated in 96-well flat bottom plates
(Corning, USA) and allowed to adhere for 24 h. At
various times post-transfection with the recombinant
plasmid, cells were incubated with MTT dye (1 mg/mL)
for 2 h and solubilized with 20 μL 10% SDS. A560 was
then measured.
DNA laddering assay
DNA fragmentation was detected using an Apoptotic
DNA Laddering Kit (Keyg en) according to the
manufacturer’s instructions. DNA was extracted, separated
by 1.5% agarose gel electrophoresis, followed by ethidium
bromide staining to visualize the laddered DNA.
www.wjgnet.com

Immunocytochemical assay and DAPI staining
At various times post-transfection, cells grown in sixwell plates were harvested and treated by trypsinization
and resuspended in PBS. The cells were then spread
on a slide, fixed by 100% methanol for 5 min at room
temperature, stained by the Apoptotic/Necrotic Cell
Detection Kit (Keygen), and embedded in resin, after
permeabilization, for long-term storage.
C y t o t ox i c i t y o f S P - TAT wa s a l s o t e s t e d by
2,4-diamidino-2-phenylin-dole (DAPI) staining.
Transfected cells grown on coverslips that were placed
on the bottom of a 24-well plate were washed with
PBS and fixed, and apoptotic cells were differentiated
by staining with mounting medium containing DAPI,
and visualized using an Olympus AX70 fluorescence
microscope.
Protein secretion and activity test
CHO cells were cultured in a six-well plate. The cells were
transfected with the pLenti6/V5-D-TOPO/SP-TATapoptin plasmid using the LipofectamineTM 2000 protocol
according to manufacturer’s instructions (Invitrogen). After
6 h incubation, the cells were washed with fresh culture
medium and cultured for an additional 24 h. The culture
supernatants were then collected and added respectively
to the monolayers of HepG2 cells and HUVECs grown
in 24-well plates. These cells had also been washed with
PBS before adding the supernatants. At various times post
co-culture, these cells were fixed and stained, and apoptin
localization and apoptosis were analyzed.
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Figure 2 SP-TAT-apoptin-induced cell death. A: Cell viability measured by flow cytometry. A1 and A2: HUVECs at 48 and 72 h post-transfection; A3-A6: HepG2
cells at 24, 48, 72 and 96 h. HepG2 cells were susceptible to SP-TAT-apoptin-induced apoptosis in a time-dependent manner; B: Cell viability determined by MTT dye
reduction assay; C: DNA fragmentation in HepG2 cells demonstrated by agarose gel electrophoresis. Lane 1: 1 kb DNA marker; Lanes 2-5: DNA from cells at 24, 48,
60 and 72 h post-transfection, respectively.

Statistical analysis
ANOVA was performed for multiple group comparison.
In conjunction with ANOVA, post hoc pairwise
comparisons were performed by Bonferroni’s test, with
P < 0.05 regarded as statistically significant.

RESULTS
Generation of SP-TAT-apoptin fusion construct and
expression of SP-TAT-apoptin
The human secretory SP was constructed and optimized
virtually by the HMM, which has been used to describe,
predict, identify, and generate secretory SP sequences[13].
It was inserted at the N terminus of recombinant TAT-

apoptin to generate SP-TAT-apoptin fusion protein, and
it contained a positively charged N region, a hydrophobic
central region, and a C region that contained a cleavage
site. Two rounds of PCR were carried out to amplify the
apoptin gene and to fuse TAT and the synthetic SP into the
construct to create recombinant secretory-TAT-apoptin.
To determine whether the SP-TAT-apoptin cDNA
construct generated was expressed in vivo, the HepG2 cell
line was transfected with the plenti6/V5-D-TOPO/SPTAT-apoptin plasmid. Analysis by RT-PCR revealed that
SP-TAT-apoptin was expressed 24 h after transfection
(data not shown). The expression of SP-TAT-apoptin
in HepG2 cells was confirmed by immunofluorescence
microscopy (Figure 1).
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Figure 3 Cytotoxicity of SP-TAT-apoptin compared to SP-TAT. A: Micrographs of HepG2 cells transfected with SP-TAT-apoptin construct stained by Apoptotic/
Necrotic Cell Detection Kit. An inverted microscope (× 400) was used. The nuclei of apoptotic cells were stained deep blue. A1 and A2: HepG2 cells at 24 and 72 h
post-transfection; B: HepG2 cells stained with DAPI and observed by fluorescence microscopy (× 400). B1: HepG2 cells 72 h after transfection with plenti6/V5-DTOPO/SP-TAT-GFP plasmid; B2: HepG2 cells 72 h after transfection with plenti6/V5-D-TOPO/SP-TAT-apoptin. Arrow indicates apoptotic cells.

Induction of apoptosis by SP-TAT-apoptin
To deter mine whether SP-TAT-apoptin induces
apoptosis and also maintains its tumor cell specificity,
HUVECs and HepG2 cells were transfected with the
plenti6/V5-D-TOPO/SP-TAT-apoptin plasmid. SPTAT-apoptin-induced apoptosis was investigated in
these two cell lines. Three different assays were used
to gauge apoptosis. In the first assay, cell viability was
measured by co-staining with annexin-V FITC and PI,
followed by flow cytometry. This assay was based on
the loss of plasma membrane asymmetry (integrity)
as a result of apoptosis. Viable cells were defined as
annexin-V FITC and PI double-negative events. As
shown in Figure 2A, only HepG2 cells were susceptible
to SP-TAT-apoptin-induced apoptosis in a timedependent manner. These results also confirm previous
reports that apoptin has the ability to induce apoptosis
specifically in tumor cells[3,4,7,19,20]. In the second assay,
cells that were exponentially grown were inoculated in
96-well flat-bottom plates and allowed to adhere for 24 h.
After transfection, cell viability was determined at
various times by MTT dye reduction assay. Expression
of the recombinant protein slightly decreased the
viability of HepG2 cells at 24 h post-transfection, and
the same was true in HUVECs (Figure 2B). At 48 h
post-transfection, the viability of HUVECs was only
slightly decreased compared to that at 24 h. However,
the viability of HepG2 cells was significantly decreased
at 48 h post-transfection. The presence of recombinant
apoptin caused a decrease in HepG2 cell viability to
www.wjgnet.com

< 60% at 72 h and < 50% at 96 h post-transfection
( F i g u r e 2 B ) . I n t h e t h i r d a s s ay, g e n o m i c D NA
fragmentation in HepG2 cells and HUVECs was
investigated. As shown in Figure 2C, the apoptin fusion
protein brought about significant DNA fragmentation
in HepG2 cells at 72 h post-transfection. In contrast,
detectable apoptotic DNA laddering in HUVECs was
not seen during the experiment (data not shown).
Lack of cytotoxicity of SP-TAT
In order to determine the cytotoxicity of SP-TAT, plenti6/
V5-D-TOPO/SP-TAT-apoptin plasmid and plenti6/V5D-TOPO/SP-TAT-GFP plasmids were transfected into
HepG2 cells separately. Robust apoptosis of HepG2 cells
was observed, as demonstrated by microscopy at different
times after transfection, while in contrast, expression of
SP-TAT-GFP did not induce noticeable apoptosis in these
cells (Figure 3). Therefore, SP-TAT did not seem to exhibit
cytotoxicity in HepG2 cells and apoptosis induced by SPTAT-apoptin was due to apoptin.
Secretion of SP-TAT-apoptin and the effect of secreted
TAT-apoptin on HepG2 cells
The presence of synthesized SP enables TAT-apoptin
to be secreted outside the transfected cells and reenter adjacent un-transfected HepG2 cells, potentially
increasing the efficacy of apoptin when used as cancer
therapy. To test its feasibility, the recombinant construct
was used to transfect CHO cells and the culture
supernatant was collected. HepG2 cells and HUVECs
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Figure 4 Cell death induced by secreted TAT-apoptin. A: HepG2 cells
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determined by MTT dye reduction assay after co-culture with secreted TATapoptin.
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were then co-cultured with this supernatant. At 24 h
post co-culture, TAT-apoptin had translocated from the
cytoplasm to the nucleus (Figure 4A). At various times
post co-culture, cell viability was also determined by
MTT dye reduction assay. As shown in Figure 4B, the
recombinant protein TAT-apoptin slightly decreased
cell viability of HepG2 cells at 24 h post co-culture. In
contrast, the viability of HUVECs was actually increased
at 24 h, which continued during the course of the
experiment. At 48 h post co-culture, viability of HepG2
cells was significantly decreased compared to that of
HUVECs. The recombinant apoptin protein decreased
HepG2 cell viability to < 50% at 48 h post-transfection.

DISCUSSION
New therapeutic approaches that facilitate selective
targeting of cancer cells while sparing normal cells
have emerged in recent years. Apoptin represents a
new anti-cancer tool in such new approaches with great
potential[21-25]. Two routes can be taken using apoptin
or its encoding cDNA, i.e. as protein or gene therapy.
In any case, efficient systems are required to facilitate

the delivery of apoptin to cancer cells or expression
of apoptin within these cells [26-30] . The HIV TAT
transduction domain has been successfully used to
deliver apoptin into cancer cells[14], and no apoptosis of
normal cells (HUVECs) was observed with this TATapoptin fusion protein. In this study, we generated a
cDNA construct of SP-TAT-apoptin. Cancer cells
transfected with this construct expressed recombinant
apoptin and apoptosis was induced. By incorporating
a synthetic SP we also expected apoptin to be secreted
from the transfected cells as TAT-apoptin fusion protein
and re-enter adjacent untransfected HepG2 cells, which
enabled the construct to act as both a protein and gene
therapeutic agent, and increased the potency of apoptin
in cancer therapy.
SP-TAT-apoptin was expressed in HUVECs and
HepG2 cells, and the protein was initially located in the
cytoplasm. At 48 h post-transfection, the protein was
located in the nucleus of HepG2 cells, which indicated
that SP-TAT-apoptin was capable of translocating to
the nucleus. SP-TAT-apoptin was also functionally
active and efficiently induced HepG2 cell apoptosis,
in a time-dependent manner. In HUVECs, SP-TATwww.wjgnet.com
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apoptin remained in the cytoplasm and no induction
of apoptosis above the background level was observed.
Meanwhile, no apoptosis was observed in cells in which
SP-TAT-GFP was expressed, which indicates that SPTAT alone is not cytotoxic for HepG2 cells. Therefore,
SP-TAT-apoptin retained the characteristic expression
pattern of apoptin and induced apoptosis in cancer cells.
Having a synthetic SP, recombinant apoptin was able
to be secreted from transfected cells and re-enter adjacent
untransfected HepG2 cells. The recombinant protein was
detected in the cytoplasm in HepG2 cells and HUVECs
shortly after co-culture of the cells with the cell-free
supernatant of the transfected CHO cells. This indicated
that the secreted TAT-apoptin fusion protein contained
in the CHO cell culture medium was able to enter these
cells. The fusion protein was later found in the nucleus
of HepG2 cells and induced HepG2 apoptosis. The new
secretory characteristic increased the possibility of apoptin
being used in cancer gene therapy. However, there are still
a large number of unanswered questions regarding the
mechanisms and therapeutic usage of apoptin, and further
studies are certainly required.
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of CD patients but only 0%-6% of controls were
seropositive against different mycobacterial antigens.
Anti-mycobacterial IgG correlated with ASCA (r =
0.37-0.64; P = 0.003-P < 0.001). ASCA-positivity and
deficiency for mannan-binding lectin synergistically
associated with anti-mycobacterial IgG. In some
patients, anti-mycobacterial antibodies represent crossreactive ASCA. Vice-versa, the predominant fraction of
ASCA did not cross-react with mycobacteria. Finally,
fistulizing disease associated with antibodies against M
avium , M smegmatis and MAP (P = 0.024, 0.004 and
0.045, respectively).
CONCLUSION: Similar to ASCA, seroreactivity against
mycobacteria may define CD patients with complicated
disease and a predisposition for immune responses
against ubiquitous antigens. While in some patients
anti-mycobacterial antibodies strongly cross-react
with yeast mannan; these cross-reactive antibodies
only represent a minor fraction of total ASCA. Thus,
mycobacterial infection unlikely plays a role in ASCA
induction.

Abstract

Peer reviewer: Dr. Daniel R Gaya, Gastrointestinal Unit,

AIM: To test whether humoral immune reaction
a g a i n s t myc o b a c t e r i a m ay p l ay a ro l e i n a n t i S a c c h a r o my c e s c e r e v i s i a e a n t i b o d i e s ( A S C A )
generation in Crohn's disease (CD) and/or whether it
correlates with clinical subtypes.
METHODS: The dominant ASCA epitope was
detected by Galanthus nivalis lectin (GNL)-binding
assay. ASCA and IgG against mycobacterial lysates
[M avium, M smegmatis, M chelonae, M bovis BCG,
M avium ssp. paratuberculosis (MAP)] or purified
lipoarabinomannans (LAM) were detected by ELISA.
ASCA and anti-mycobacterial antibodies were affinity
purified to assess cross-reactivities. Anti-mycobacterial
IgG were induced by BCG-infection of mice.
RESULTS: G N L b o u n d t o d i f f e r e n t e x t e n t s t o
mycobacterial lysates, abundantly to purified mannosecapped (Man) LAM from M tuberculosis , but not to
uncapped LAM from M smegmatis . Fifteen to 45%
www.wjgnet.com
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INTRODUCTION
Crohn’s disease (CD) is a multifactorial disease
that affects genetically susceptible hosts. The exact
pathogenesis is still largely unknown. However, it is
generally accepted that the disease, once established,
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is driven by antigens of the intestinal flora, reflecting a
loss of tolerance against commensal microorganisms[1,2].
The hypothesis that genetic predisposition, together
with unfavorable environmental and commensal triggers
cause CD with its various phenotypes contradicts the
highly controversial idea of a single infectious origin of
the disease[3].
A number of serological markers have been detected
that have a certain degree of specificity and sensitivity
for CD[4,5]. Of the most intriguing antibodies are those
directed against outer cell wall mannans of the baker's
yeast Saccharomyces cerevisiae (anti-Saccharomyces cerevisiae
antibodies, ASCA)[6-9]. These antibodies are found in
more than 50% of CD patients, but rarely in healthy
controls or patients with ulcerative colitis (UC)[8]. Yeasts
are ubiquitous and ingested on a daily basis. Why an
organism that, with a few reported exceptions of
virulent mutants[10], is not adapted to live or even grow
in the human body elicits a strong IgG response in
CD patients has not yet been conclusively answered. A
recent report presented experimental data supporting the
idea that the facultative opportunistic pathogen Candida
albicans may be the inducer of ASCA[11]. However, our
recent study showed that ASCA and anti-C albicans
antibodies correlate to a lower degree than ASCA
with antibodies to mannans from other ubiquitous
yeasts[12]. Thus, whether C albicans infection may indeed
represent the dominant trigger for ASCA cannot be
definitively answered so far and there may be other
cross-reactivities that play a role in ASCA induction.
Potential candidates are mycobacteria since their cell
wall contains lipoarabinomannans with similar mannose
side chains as the cell wall mannans of yeast. The exact
epitope recognized by ASCA has been demonstrated
to be an α-1,3 mannose-(α-1,2 mannose)n with = 2
or 3 by two independent studies[9,13]. Similar or equal
oligo-mannose motives are found in other yeasts, as well
as in the mannosylated side chains of mycobacterial
lipoarabinomannans (LAM)[14,15]. Part of this motif, the
terminal α-1,3 linked mannose, can be detected by the
Galanthus nivalis lectin (GNL)[16,17] and has been shown to
be present in the lipo(arabino)mannan of M chelonae[18].
Two other publications have demonstrated presence
of the GNL-reactive motif in some mycobacterial
species, including M bovis, M avium and Mycobacterium
avium ssp. paratu-berculosis (MAP)[19,20]. Hence, we were
interested whether ASCA-positive CD patients may
also more frequently contain antibodies against distinct
mycobacterial strains and specifically against LAM, and
whether these antibodies would be of cross-reactive
nature.
In the case of MAP studies have shown a very high
(77%-87%) prevalence of seroreactivity against the MAP
antigens p35 and p36 in CD[21,22]. While this is intriguing,
the interest in the possible relationship between CD and
MAP mainly comes from the fact that Johne's disease in
cattle which is caused by MAP infection in some aspects
resembles CD.
The acute phase reactant mannose-binding lectin
(MBL) specifically binds to mannose residues and is an
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important first line of defense innate immune effector
molecule[23-26]. We have previously shown that deficiency
for MBL associates with the ASCA-positive subgroup
of CD patients[27,28]. Thus, it was of interest, if in CD,
deficiency for MBL might associate with elevated levels
of anti-mycobacterial IgG as well. Finally, we correlated
our findings regarding anti-mycobacterial antibodies with
different clinical CD phenotypes.

MATERIALS AND METHODS
Patients and sera
Sera from 105 patients with CD, 45 patients with UC
and 35 healthy controls were obtained with informed
consent and with the approval of the local ethical
authorities. Diagnosis of CD and UC was established
by endoscopic, histological and clinical criteria. CD: 54
women and 51 men, mean age 40 years (19-73); UC: 22
women and 23 men, mean age 38 years (20-65); healthy
controls: 21 women and 14 men, mean age 37 years
(18-67). Disease activity was graded for CD according to
the CD activity index (CDAI), or for UC according to
the Mayo-score[29,30]. At the time of blood collection, CD
patients were treated as follows: no medical treatment
(n = 29), 5-ASA (n = 4), steroids (n = 8), antibiotics (n
= 3), infliximab (n = 4), or immunomodulators such as
6-mercaptopurine or azathioprine (6-MP/aza, n = 47),
or methotrexate (n = 20). Some patients had combined
medication: infliximab + methotrexate (n = 1), steroids
+ methotrexate (n = 4), steroids + 6-MP/aza (n = 3),
infliximab + 6-MP/aza (n = 2). CDAI ranged between
75 and 380 (mean: 138 points). UC patients were treated
as follows: no medical treatment (n = 9), 5-ASA (n =
15), steroids (n = 6), immunomodulators 6-MP/aza (n
= 20), or tacrolimus (n = 2). Some of these patients
had combined medication: 5-ASA + 6-MP/aza (n = 4),
steroids + 6-MP/aza (n = 3). CD patients were grouped
according to the Montreal classification[31] into a UC-like
(purely inflammatory, non-stenosing, non-fistulizing), a
stenosing, or a fistulizing phenotype. The latter two are
summarized as complicated disease phenotype.
Mycobacteria, yeast and mannan
Mycobacterial strains used in this study were M avium,
, MAP (all strains are patients’
M smegmatis,
isolates and property of the Institute of Infectious
Diseases, University of Bern), and BCG (commercial
vaccination strain). Strains were grown in Middlebrook
7H9 medium (Difco™ BBL™, BD Biosciences, San
Jose, CA, USA) with 10% OADC enrichment (Difco™
BBL™, BD Biosciences), 1 mg/mL casein peptone
(Merck, Glattbrugg, Switzerland) and 0.5% glycerin, and
were collected during logarithmic growth phase. For
MAP cultures, growth medium was supplemented with
2 mg/mL Mycobactin J (Synbiotics Europe SAS, Munich,
Germany). Bacteria were heat-inactivated for 1 h at 80℃
and then lysed in the presence of trypsin inhibitor and
PMSF (Sigma, Buchs, Switzerland) by needle sonication
(2 × 1 min. with 100 watts, on ice). The lysate was cleared
by centrifugation and protein concentration determined.
www.wjgnet.com
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Mannose-capped lipoarabinomannan (ManLAM) from
M tuberculosis and (non-mannose-capped) phosphomyo-inositol-capped LAM (PILAM, subsequently termed
LAM) were kindly provided by J. Belisle, Colorado State
University. S cerevisiae Vita Gold was obtained from
Deutsche Hefewerke, Nürnberg, Germany. The yeast
was grown in 5% yeast peptone D-glucose (YPD, Sigma)
and harvested during logarithmic growth. Mannan was
extracted according to Kocourek and Balou[32]. Briefly, cells
were resuspended in 20 mmol/L Na-citrate buffer (pH
7.0) and autoclaved for 3 h at 125℃. The supernatant was
cleared by centrifugation and the pellet resuspended in Nacitrate buffer (1.5 × initial volume). After centrifugation,
the supernatants were pooled and cleared from residual
debris by centrifugation. The mannans were complexed
with equal volumes of Fehling’s solutions (Fehling
Ⅰ: 6.93 g CuSO4·5 H2O/100 mL in H2O; Fehling Ⅱ:
34.6 g C 4 H 4 KNaO 6 ·4H 2 O + 12 g NaOH/100 mL
in H 2 O) and pelleted by centrifugation. The pellet
was resolved in 3 mol/L HCl before precipitating the
mannans off the CuSO4 complex with a methanol/acetic
acid 8:1 v/v solution while stirring. The precipitate was
pelleted and washed repeatedly with methanol/acetic acid
8:1 v/v until the supernatant was colorless and clear and
finally washed twice with methanol alone and dried in a
desiccator at 4℃.
ELISA
ELISA was performed in Nunc-Immuno™ Maxisorp
96-well plates (Nunc, Wiesbaden, Ger many). For
mycobacteria-specific ELISA, 50 µL of mycobacterial
lysates, purified LAM or ManLAM at 5 µg/mL PBS
was added per well and dried over night at 37℃. The
next day plates were blocked with 1% skim milk in
PBS. For ASCA, tetanus toxoid (TT) or galanthus
nivalis lectin (GNL)-binding ELISA, plates were
coated with the respective antigen at 0.25 µ g/mL
carbonate-bicarbonate (25 mmol/L Na 2 CO 3 , 25
mmol/L NaHCO3) coating buffer pH 9.6, overnight
at 4℃. On the next day, plates were blocked with PBS
+ 0.5% BSA (PBS-BSA). Plates were washed and
patients’ sera added 1/500 (mycobacteria) or 1/1000
(ASCA, TT) PBS-BSA. Plates were incubated 1.5 h
at room temperature (mycobacteria) or overnight
at 4℃ (ASCA, TT). For the GNL-binding ELISA,
biotinylated GNL (Vector Laboratories, Burlingame,
CA, USA) was added at 5 µg/mL to the blocked plates.
Plates were washed with PBS-BSA + 0.05% Tween 20
(PBST-BSA). For ASCA and TT ELISA peroxidasecoupled anti-human IgG (Sigma) was added 1/5000
in PBST-BSA and plates incubated for 1 h at room
temperature. The plates incubated with biotinylated
GNL were further incubated with peroxidase-coupled
streptavidin (BD Biosciences). After washing ELISA
was developed with TMB substrate (Sigma) for
15-30 min. in the dark. Reaction was stopped with
0.5 mol/L sulphuric acid and plates read at 450 nm.
A cut-off value discriminating between negativity and
positivity for anti-mycobacterial IgG was defined using
the average extinction values for the healthy population
www.wjgnet.com
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(without the clearly positive individuals as defined by
A450 ≥ 0.3) and addition of 3 standard deviations. To
determine the MBL oligomer concentration sera were
diluted 1/100 and assessed in an MBL-oligomer ELISA
kit according to the manufacturer’s instructions (The
Antibodyshop, Gentofte, Denmark).
Affinity purification of ASCA
S cerevisiae mannan was separated on an 8% polyacrylamide gel. The separated mannan was transferred to
Hybond-ECL nitrocellulose membrane (Amersham GE
Healthcare Europe, Otelfingen, Switzerland) and the
ASCA-reactive material was localized by Western blot
on a small section of the membrane. The ASCA-reactive
region of the remaining membrane was cut into 8 equal
pieces and the pieces blocked in TBS + 2% BSA.
Eight highly ASCA-positive sera from Crohn’s patients
were diluted 1/5 in TBS + 2% BSA and incubated
with one piece of the membrane overnight at 4℃, on a
rocking platform. After incubation the membranes were
thoroughly washed with TBS and 1× with H 2O and
bound antibodies eluted with 0.2 mol/L glycine, pH 2.8.
The eluate was neutralized with Tris-base pH 8.0 and the
eluted antibodies stabilized with 0.1% BSA.
Affinity purification of anti-M smegmatis antibodies
1 cm × 1 cm pieces of Hybond-ECL nitrocellulose
membrane were decorated with M smegmatis lysate and
sequentially incubated overnight at 4℃ and for 2 h at rt.
Membranes were rinsed and blocked in TBS + 2% BSA.
Incubation with sera and elution of bound antibodies
was performed as described above.
Immunization of mice
C57BL/6 mice were reared in individually ventilated cages
(IVC) under specified pathogen-free conditions. Housing
and experimental procedures were in accordance with
the European regulations on animal experimentation
(FELASA). BCG culture was adjusted to a density of
A 600 = 0.5 MacFarland (108 cells per mL) with 0.9%
sterile NaCl and 100 µL (107 viable bacteria) injected
into the tail vein per mouse. Mice were 8 wk old and sexmatched. Viability of the mycobacteria was confirmed
by reculturing the remaining bacterial suspension. Four
weeks after infection serum was prepared from whole
blood samples after clipping the tail tips. By week 5,
the mice were boosted by iv with the same amount of
mycobacteria and sera collected 4 and 13 wk later. AntiBCG and ASCA IgM and IgG were determined by
ELISA. To that end, samples were diluted 1/250 and
anti mouse IgM and IgG HRP antibodies (Sigma) used
1/1000 and 1/500, respectively.
Statistical analysis
Raw data were imported into a statistical package
program (STATA Versivn 9.0, Texas). Results of
numerical data are presented as mean ± SE. Categorical
data are summarized as the percentage of the group
total. Two-sided Fisher’s exact test (n < 20) or the Chi
square test (n ≥ 20) was used to explore associations of
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Figure 1 Reactivity of Galanthus nivalis lectin (GNL) with mycobacterial lysates
and purified LAM or ManLAM. ELISA plates were coated with yeast mannan,
mycobacterial lysates, purified LAM or ManLAM or coating buffer alone without
antigen (-), and binding of biotinylated GNL to these antigens assessed by
further incubation with peroxidase-coupled streptavidin followed by TMB
substrate reaction. Shown are mean values ± SE of 3 individual experiments.

categorical data in 2 independent groups. The Wilcoxon
rank sum test was used to explore associations of
numerical data in 2 independent groups. A P < 0.05 was
considered statistically significant. Associations between
numerical data were evaluated using the Spearman rank
correlation coefficient.

RESULTS
The dominant ASCA epitope terminal α-1,3 linked
mannose is differentially present in lysates of different
mycobacterial species
Phosphopeptidomannan with α -1,3 mannose ( α -1,2
mannose α-1,2 mannose)n (n = 1 or 2) sugar residues
represent a prominent epitope recognized by ASCA
from CD patients[9,13]. The snowdrop lectin Galanthus
nivalis agglutinin or lectin (GNL) has been shown to
have high specificity for such terminal mannose sugar
residues[16,17] and has been used to detect ASCA epitopes
from microorganisms directly or in infected tissue[11,20].
After coating ELISA plates with mycobacterial lysates,
purified LAM or ManLAM, or, as a positive control,
yeast mannan, GNL differentially bound to these
antigens. Besides yeast mannan, GNL strongly bound
to lysate from M chelonae which is in perfect agreement
with published observations [18]. Marked binding was
further observed with lysates from BCG and MAP
followed by M avium and M smegmatis. While no binding
was observed to purified LAM, GNL strongly bound to
ManLAM (Figure 1).
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Higher frequencies of anti-mycobacterial IgG-positive
individuals among patients with IBD compared to
healthy controls
A450 extinction values of the anti-mycobacterial ELISA
obtained with sera from the healthy population were
used to define cut-off values for anti-mycobacterial
IgG as described in the materials and methods section.
According to these cut-off levels, between 13% (antiLAM) and 45% (anti-M smegmatis) of CD patients were
designated anti-mycobacterial IgG positive while in the
group of healthy controls only 0 (anti-ManLAM) to
6% (anti-M chelonae, anti-MAP) were positive (Figure 2).
Between 2% (anti-LAM) and 36% (anti-BCG) of UC
patients were anti-mycobacterial IgG positive. Despite
similar age groups, only one of the 35 healthy volunteers
was tested positive for anti-BCG IgG while 42% of CD
patients and 36% of UC patients were above the cutoff. Furthermore, while none of the healthy controls
reached positivity for anti-ManLAM IgG, 19% of CD
and 11% of UC patients did. Using the Chi-square
test, differences in frequencies of positive individuals
between the groups of CD patients and healthy controls
were significant for IgG against all mycobacterial lysates
tested and purified ManLAM. Differences between UC
patients and controls were significant for M chelonae,
BCG and ManLAM. Finally, compared to UC patients,
CD patients were significantly more frequently positive
for anti-M avium and anti-M smegmatis IgG (Figure 2).
Anti-mycobacterial IgG correlate with ASCA
To test whether seroreactivity against mycobacterial
antigens in general and mycobacterial mannans in
particular may correlate with that against yeast mannans,
we grouped CD patients into ASCA-negative and ASCApositive categories. ASCA-positive CD patients showed
the highest frequencies of seropositivities against all
mycobacterial antigens tested. Between 21% (antiLAM) and 65% (anti-M smegmatis) of ASCA-positive CD
patients were anti-mycobacterial IgG positive, while only
5% (anti-LAM) to 29% (anti-M smegmatis) of ASCAnegative CD patients had anti-mycobacterial IgG titers
above the cut-off (Figure 3A). Compared to healthy
controls, even the proportion of anti-LAM-positive
individuals was significantly elevated in ASCA-positive
CD patients (21% vs 4%). In addition, ASCA-positive
CD patients were also significantly more frequently
positive for IgG against M smegmatis, M chelonae, BCG,
MAP and purified ManLAM when compared with
ASCA-negative CD patients. On the other hand, ASCAnegative CD patients were significantly more frequently
positive than healthy controls only for anti-M smegmatis
IgG. When ASCA-positive CD patients were further
grouped according to the levels of their ASCA titers,
we observed a weak trend of increasing titers of IgG
against mycobacterial lysates with increasing ASCA titers
(data not shown). In contrast, seropositivity against
purified LAM or ManLAM was almost exclusively
and strongly elevated in the highest ASCA-positive
subgroup. While less than 20% of ASCA-negative, or
weakly positive CD patients were positive for anti-LAM
www.wjgnet.com
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Figure 2 Determination of anti-mycobacterial serum IgG in IBD and healthy controls. ELISA for different mycobacterial lysates and purified LAM or ManLAM were
performed with sera from 105 CD patients, 45 UC patients and 35 controls. A negative to positive discrimination level was defined by a cut-off value representing the
average of all A450 values from the healthy controls (excluding the clearly positive individuals with an A450 ≥ 0.3) plus 3 standard deviations. With these cut-off values,
individuals positive for antibodies against the various mycobacterial antigens were identified and are shown as a percent of the total population. Asterisks indicate
significant differences between the populations. aP < 0.05, bP < 0.01.
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Figure 3 Association of anti-mycobacterial IgG with ASCA. CD patients were grouped according
to their ASCA status and their anti-mycobacterial IgG were determined in comparison with healthy
controls (n = 25). A: ASCA- (n = 42), extinction values at 450 nm below the cut-off as determined by
routine diagnostics (3 standard deviations above the average of 10 negative control sera); ASCA+
(n = 48) extinction values above the cut-off. According to the legend of Figure 1, percentages of
IgG-positive individuals per group were determined for each antigen. B: ASCA-positive CD patients
were further grouped according to the levels of ASCA and compared to healthy controls and UC
patients. ASCA+ (n = 28), A450 clearly above, but less than double the cut-off value; ASCA++ (n =
10), A450 2 to 3 times higher than the cut-off value; ASCA+++ ( = 10), A450 higher than 3 times the
cut-off value. According to legends of Figures 1 and 2A, percentages of anti-LAM and anti-ManLAM
IgG-positive individuals in each group were determined. Asterisks indicate significant differences
between the groups. aP < 0.05, bP < 0.01.

and anti-ManLAM IgG, 50% and 70% of the highest
ASCA-positive CD patients were positive for anti-LAM
(P ≤ 0.0362, vs ASCA-low or ASCA-negative patients)
and anti-ManLAM IgG (P ≤ 0.0047, vs ASCA-low or
ASCA-negative patients; Figure 3B), respectively. To
www.wjgnet.com

better visualize the extent of correlations between antimycobacterial IgG and ASCA, we plotted the extinction
values obtained in the mycobacterial ELISA against
those of the ASCA ELISA (Figure 4). All correlations
were highly significant and ASCA correlated best with
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IgG against M smegmatis (r = 0.64, P < 0.0001), followed
by anti- BCG and anti-ManLAM IgG (r = 0.53, P <
0.0001).
ASCA-positivity and MBL-deficiency synergistically
associate with anti-mycobacterial IgG
Since deficiency for MBL associates with the ASCApositive subgroup of CD patients 27, 28 we asked
whether deficiency for MBL might also associate
with elevated levels of anti-mycobacterial IgG.
We found that similar to ASCA-positivity, MBLdeficiency was associated with higher proportions of
anti-mycobacterial IgG-positive individuals for some
but not all mycobacterial antigens tested (Figure 5),
intriguingly, MBL-negativity synergistically contributed
to increased frequencies of anti-mycobacterial IgGpositive individuals in the ASCA-positive/MBL-negative
as compared to the ASCA-/MBL-double positive
subgroup of CD patients. The synergistic effect that
MBL-negativity and ASCA-positivity had regarding
increased frequencies of anti-mycobacterial IgG positive
individuals was most obvious when the ASCA-positive/
MBL-negative group was compared with the ASCAnegative/MBL-positive group of CD patients: between
2.7-fold (from 13.0% to 35.3% for anti-M chelonae)
and 7.4-fold (from 8.7% to 64.7% for anti-M avium)
increased proportion of anti-mycobacterial IgG-positive
individuals.

Anti-mycobacterial antibodies bind to yeast mannan
To determine potential cross-reactivities between antimycobacterial antibodies and ASCA, we affinity-purified
eight highly ASCA-positive sera from CD patients
on yeast mannan and compared original sera with the
corresponding affinity purified antibodies for reactivity
with yeast mannan (positive control), mycobacterial lysates
and purified LAM and ManLAM. A tetanus toxoidspecific ELISA confirmed that affinity-purified serum
antibodies were virtually free of contaminating, nonyeast mannan-specific IgG. Affinity-purified ASCA from
individual patients showed individual reactivity patterns.
While three of eight patients’ ASCA reacted markedly
with all mycobacterial preparations (patients No. 1, 4 and
7), 5 patients showed restricted reactivity (Figure 6A). On
average, affinity-purified antibodies showed the highest
degree of reactivity with LAM (73% ± 34% of original
sera) and lowest with MAP lysate (35% ± 16% of original
sera). The same 8 highly ASCA-positive sera were also
affinity purified on M smegmatis lysate and assessed for
reactivity with yeast mannan and tetanus toxoid. All sera
showed strongly reduced reactivity with yeast mannan
after affinity-purification (Figure 6B).
Infection of mice with BCG leads to transient production
of immunoglobulins that cross-react with S cerevisiae
mannan
To test, whether experimentally induced antibodies
www.wjgnet.com
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against mycobacteria may cross-react with S cerevisiae
mannan, we infected mice with 107 live BCG, followed
by an equal booster injection after 5 wk. Figure 7 shows
that infection with BCG induced marked levels of BCGlysate-specific IgM and moderate levels of specific
IgG after 4 wk and up to 13 wk after the booster
injection. Intriguingly, BCG infection led to transiently
elevated titers of ASCA IgM and IgG which declined to
background or near background levels within 2 mo post
booster injection.
Higher frequency of anti-mycobacterial IgG-positive
individuals in the subgroup of CD patients with
fistulizing disease
In order to address the possible significance of antimycobacterial IgG in CD, patients were grouped
according to the Montreal classification into UClike (purely inflammatory), or stenosing or fistulizing
disease phenotype (the latter two summarized as
complicated disease). Sera from these groups of CD
patients were compared for anti-mycobacterial IgG and
ASCA by ELISA. ASCA were included because earlier
reports indicate that ASCA associate with complicated
disease[33,34] and increased risk for surgery months[35].
There was a weak tendency for patients with complicated
disease to more often express anti-mycobacterial IgG
compared to patients with UC-like disease (data not
shown). On the other hand, a markedly higher frequency
of patients expressed antibodies against mycobacterial
lysates, but not purified LAM or ManLAM, when
only the subgroup of patients with fistulizing disease
was compared with UC-like disease (Figure 8). These
differences were statistically significant for anti-M avium
(P = 0.024), anti-M smegmatis (P = 0.004) and anti-MAP
IgG (P = 0.045). In contrast, the proportion of patients
with stenoses expressing IgG against mycobacterial
lysates was not markedly elevated compared to those
with UC-like disease. Both subgroups with complicated
www.wjgnet.com

disease had a markedly higher proportion of individuals
being positive for ASCA compared to UC-like disease.
Here, the difference was statistically significant for
the subgroup with stenoses compared to UC-like
disease (P = 0.008, Figure 8). Finally, compared to
patients with UC-like disease or stenoses, patients with
fistulizing disease on average showed more individual
seroreactivities per patient against the mycobacterial
antigens tested (2.5 vs 1.5/1.6, P = 0.050, Figure 8B).

DISCUSSION
In the present study we have chosen a number of
mycobacterial strains with more or less ubiquitous
occurrence and - with the exception of BCG-originally
isolated from patients suffering from mycobacterial
infections to ser ve as antig ens for ELISA with
IBD patients’ and control sera in order to assess a
possible relationship between anti-mycobacterial
antibodies and ASCA in CD. In addition, we used
purified lipoarabinomannans with or without a richly
mannosylated arabinose moiety (LAM from M smegmatis
and ManLAM from M tuberculosis, respectively) because
of similar oligomannose side chains as found in mannan
from S cerevisiae, the specific antigen for ASCA. In
agreement with published data[19,20], terminal α-1,3 linked
mannose which is part of the dominant ASCA epitope
was present at different extents in our mycobacterial
preparations. In particular this epitope was strongly
present in ManLAM from M tuberculosis while it
was completely absent in LAM from M smegmatis. In
accordance with that, M smegmatis lysate showed the
weakest binding to GNL among all lysates tested. With
the exception of non-mannose-capped LAM, we found
significantly higher proportions of anti-mycobacterial
IgG-positive individuals in CD compared to the
healthy control group. We focused on IgG because
initial screenings generally showed much lower levels
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or absence of specific IgA (data not shown). Previous
studies have mainly focused on seroreactivities against
selected antigens from MAP [22,36,37]. Naser et al have
observed that a large proportion of CD, but neither
UC patients nor controls had antibodies reactive with
two recombinant antigens (75% and 89%, respectively)
from their MAP genomic library[22]. In contrast, less than
30% of our CD patients showed broad MAP-specific

seroreactivity. Our results are comparable to those
described by Polymeros et al, who found that sera of
42% of their small cohort of CD patients reacted with
one or more MAP-derived peptides[37]. In our study UC
patients showed-although less marked than CD patients enhanced seroreactivity compared to healthy controls, in
particular against some of the crude lysates. This is not
surprising as enhanced seroreactivities against unusual,
www.wjgnet.com
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untypical or commensal antigens is not only a hallmark
of CD but of IBD in general[38].
While Polymeros et al [37] addressed a potential
self-cross-reactive nature of anti-MAP antibodies in
CD patients, in the present study, we were focusing
on potential cross reactivities of CD patients’ antimycobacterial antibodies with mannan from S cerevisiae.
We could clearly demonstrate that the frequent
seroreactivity against cell wall mannan from S cerevisiae
(ASCA-positivity) in CD patients significantly correlated
with seroreactivity not only against MAP, but also against
antigens from all other mycobacteria that we tested.
Importantly, correlations were best for M smegmatis
lysate and purified ManLAM. The M tuberculosis-derived
ManLAM used in the present study is characterized by
highly mannosylated arabinose (similar to the ManLAM
from BCG). While Stokes et al have also observed binding
of GNL to M tuberculosis[39], ManLAM from M tuberculosis
should theoretically not contain the GNL-reactive α-1,3
linked mannose residues according to biochemical
analyses[40]. On the other hand, the phospho-myo-inositolcapped LAM of M smegmatis has no rich mannose-cap on
its arabinose moiety[41,42] and shows no binding to GNL.
Collectively, the good correlations between seroreactivities
against S cerevisiae mannan and mycobacterial antigens
shown in the present study do not solely depend on the
presence of either the terminal α-1,3 linked mannose
residues or a rich mannose-cap. M chelonae is one of the
rare mycobacterial strains with truly uncapped arabinose
moieties on their LAM, also ter med AraLAM or
CheLAM[18]. On the other hand, this strain's lysate is very
well recognized by GNL which may explain the increased
reactivity with ASCA-positive CD patients’ IgG.
Even in the absence of the dominant ASCA epitope
ter minal α -1,3 linked mannose there was a good
and significant correlation of ASCA-positivity with
seroreactivities against purified LAM, most strikingly if only
those patients with high ASCA titers were considered.
Because in our cohor t of CD patients MBLdeficiency associates with positivity for ASCA[27,28], we
wondered whether generation of anti-mycobacterial
www.wjgnet.com
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antibodies may associate with this deficiency as well,
and whether such an association may depend on certain
strains with differential presence of the terminal α-1,3
linked mannose motive and/or distinctly capped LAM.
Indeed, we found an association of MBL deficiency
with the prevalence of anti-mycobacterial antibodies.
However, this association was not confined to strains
with mannose-capped LAM and was not apparent
for antibodies to BCG with rich mannose caps or M
chelonae with the best binding to GNL apart from yeast
mannan. It is known that MBL facilitates the entry of
mycobacteria into host cells[43,44]. Therefore, in MBLdeficient persons, a stronger systemic immune response
may be expected since the mycobacterial (cell wall)
antigens are not rapidly eliminated by phagocytes.
The strong association of anti-mycobacterial
antibodies with high ASCA titers with the observed
synergistic effect of MBL-deficiency may be explained
in different ways. First, it may be that these individuals
have, due to a genetic predisposition, an increased
reactivity to environmental (mannosylated) antigens.
Alternatively there could be a true antibody crossreactivity between the mannan antigens of S cerevisiae
and mycobacteria. To address this question we affinitypurified ASCA from highly ASCA-positive CD patients
and could show that these purified antibodies exert
variable degrees of cross-reactivities between yeast
mannan and mycobacterial lysates or purified (Man)
LAM. On the other hand, affinity-purification of
antibodies against M smegmatis lysate - the lysate that
showed the highest degree of binding with affinitypurified ASCA-led to strongly reduced reactivity with
yeast mannan compared to the original serum. Thus,
while in some patients anti-mycobacterial IgG are mainly
due to cross-reactive ASCA, in others, ASCA and antimycobacterial antibodies have separate specificities. In
either case, the fact that affinity-purified anti-M smegmatis
IgG only show weak or no reactivity with yeast mannan
suggests that such cross-reactive antibodies only account
for a minor fraction of total ASCA. This constellation
makes it very unlikely that mycobacterial antigens play a
role in the induction of ASCA. Since our purified LAM
does not contain the terminal α-1,3 mannose motif but
shows a high degree of reactivity with affinity-purified
ASCA, it has to be discussed whether the spectrum of
antigens recognized by CD patients’ ASCA goes beyond
terminal α -1,3 linked mannose side chains and may
encompass other antigens such as peptide epitopes from
the protein part of the mannan. In this context, it is of
interest that according to a recent study CD patients
contain antibodies that cross-react to an individual
extent between β2-glycoprotein Ⅰ and yeast phosphope
ptidomannans[45].
Our experimental mouse model was to test whether
mycobacterial infection is theoretically able to trigger
induction of ASCA. For infection of mice we have
chosen BCG because it is a commercial vaccination
strain and is well established for infection and immunization studies in mice. Our finding that ASCA were only
transiently expressed and declined by 2 mo post-booster

Müller S et al . Anti-mycobacteria IgG in Crohn’s disease

A

100

3659

UC-like inflammatory
Stenosis
Fistulizing

Positive individuals (%)

80

b

a

60
a

a

40
a

20

0

B

b

Anti-M avium

Anti-M smegm

Anti-M chelon

Anti-BCG

Anti-MAP

Anti-LAM

Anti-ManLAM

ASCA

7

Average number of seropositivities

6
5
4
3

P = 0.050

2
1
0

UC-like inflammatory

Stenosis

Fistulizing

Figure 8 Correlation of distinct anti-mycobacterial seroreactivities with disease phenotype.
A total number of 89 CD patients were classified according to the Vienna criteria into UClike (purely inflammatory) disease or complicated disease either with stenoses or fistulizing.
A: The percentages of individuals per group with A450 values above the cut-off are shown for
IgG against each mycobacterial antigen; B: The average number of different mycobacterial
antigens against which an individual patient expresses IgG is indicated for each group.
a
P < 0.05, bP < 0.01.

infection while BCG-specific IgM and IgG remained
high, supports our conclusion from the results of the
affinity-purification study that an immune reactivity to
mycobacterial antigens is unlikely to trigger the induction
of a stable phenotype of ASCA-positivity.
We were interested whether seroreactivity to mycobacterial antigens may associate with a certain disease
phenotype. We obser ved that more patients with
complicated disease (stenosing or fistulizing) expressed
antibodies against mycobacterial lysates compared to
patients with purely inflammatory disease. Since we
observed strong associations of anti-mycobacterial
antibodies with ASCA-positivity and ASCA have been
shown to associate with complicated disease [33-35] ,
our findings were not unexpected. However, the fact
that this trend was clearly confined to the subgroup
with fistulizing disease, while ASCA-positivity even
better associated with stenoses, is surprising. Possibly,
ingested mycobacteria more easily gain access to
systemic immune compartments for priming if the
bowel wall is transmurally damaged. Regarding ASCA,
the origin of this unusual immune response is still
unknown and whatever it is may actually be involved
in the progression to more severe CD phenotypes.
Finally, patients with fistulizing disease more frequently
showed seroreactivities against multiple mycobacterial
antigens compared to those with UC-like disease. This

observation fits to data published by others showing
a more severe phenotype of disease in patients with
increasing numbers of seroreactivities to various intestinal (commensal) antigens[46].
In conclusion, we were able to demonstrate that
ASCA-positive patients had significantly more immune
reactivities to mycobacterial antigens. In a subgroup
of ASCA-positive CD patients, anti-mycobacterial
immunoglobulins at least partially represent crossreactive ASCA, while in others there seem to be separate
ASCA and anti-mycobacterial antibodies that do not
cross-react. Furthermore, purified anti-M smegmatis
IgG showed low or no binding to yeast mannan.
Therefore, we postulate that our results reflect more
the predisposition of CD patients to develop increased
immune reactivities to various ubiquitous antigens in
general and mannosylated antigens in particular, rather
than a role of mycobacteria in the induction of ASCA.
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Background

A subgroup of patients with Crohn’s disease (CD) develops antibodies against
S cerevisiae cell wall mannan (ASCA). The mechanism of ASCA generation
is still unclear. It is possible that some opportunistic or pathogenic infectious
microorganism may be the initial inducer of this unusual antibody response
because similar (cell wall) mannans also occur in other microorganisms such
as mycobacteria with their lipoarabinomannan (LAM).

Research frontiers

It has been shown that the opportunistic pathogen Candida albicans is able to
experimentally induce ASCA (Standaert-Vitse et al 2006) and we have shown
that Crohn’s patients’ ASCA cross-react with cell wall mannans from different
yeast strains including C albicans (Schaffer et al 2007). In contrast to yeast,
there exists a highly controversial debate on a possible role for mycobacteria in
the etiopathogenesis of Crohn’s disease.
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Innovations and breakthroughs

Our study clearly shows that (1) mycobacterial infection is very unlikely the
origin of ASCA since anti-mycobacterial antibodies and ASCA in an individual
patient are either non-overlapping or the former only represents a minor part of
all antibodies recognizing yeast mannan; and (2) the correlation of antibodies
against mycobacterial antigens with those against yeast mannan reflects apart from pure cross-reactivity in some patients - increased predisposition for
adaptive immune responses against ubiquitous antigens, especially observed
in patients with a severe disease phenotype.
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Applications

The findings in the present study represent an important basis for further
research on the role of antimicrobial immune responses in the pathogenesis
of Crohn’s disease. Furthermore, antimicrobial antibody patterns may
define distinct subgroups of Crohn’s patients requiring individual treatment
approaches.

Peer review

Similar to ASCA, seroreactivity against mycobacteria may define CD patients
with complicated disease and a predisposition for immune responses against
ubiquitous antigens. Mycobacterial infection does not likely play a role in ASCA
induction.
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Abstract
AIM: To evaluate joint effects of Methylentetrahydrofolate reductase (MTHFR ) C677T genotypes, and

serum folate/vitamin B12 concentrations on promoter
methylation of tumor-associated genes among Iranian
colorectal cancer patients.
METHODS: We examined the associations between
MTHFR C677T genotype, and promoter methylation of
P16 , hMLH1 , and hMSH2 tumor-related genes among
www.wjgnet.com

151 sporadic colorectal cancer patients. The promoter
methylation of tumor-related genes was determined
by methylation-specific PCR. Eighty six patients
from whom fresh tumor samples were obtained and
81 controls were also examined for serum folate
and vitamin B 12 concentrations by a commercial
radioimmunoassay kit.
RESULTS: We found 29.1% of cases had tumors
with at least one methylated gene promoter. In
case-case comparison, we did not find a significant
association between methylation in tumors and any
single genotype. However, in comparison to controls
with the CC genotype, an increased risk of tumor
methylation was associated with the CT genotype (OR
= 2.5; 95% CI, 1.1-5.6). In case-case comparisons,
folate/vitamin B 12 levels were positively associated
with tumor methylation. Adjusted odds ratios for
tumor methylation in cases with high (above median)
versus low (below median) serum folate/vitamin B12
levels were 4.9 (95% CI, 1.4-17.7), and 3.9 (95% CI,
1.1-13.9), respectively. The frequency of methylated
tumors was significantly higher in high methyl donor
than low methyl donor group, especially in those
with MTHFR CT (P = 0.01), and CT/TT (P = 0.002)
genotypes, but not in those with the CC genotype (P =
1.0).
CONCLUSION: We conclude that high concentrations
of serum folate/vitamin B12 levels are associated with
the risk of promoter methylation in tumor-specific
genes, and this relationship is modified by MTHFR
C677T genotypes.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colon cancer (CLC) is one of the most common cancers
in the world, with high rates in Western countries[1]. A
significant increase in CLC incidence with the predominant
localization in the left colon has also been reported in Iran
over the last decade[2,3]. However, little is known about the
molecular mechanism of CLC in this region.
One of the pathways by which that CLC can progress
involves transcriptional silencing by hypermethylation of
CpG islands referred as methylator phenotype (CIMP+)[4].
The CIMP+ in CLC is characterized by frequent hypermethyaltion of specific CpG sites, including those
present in the promoter regions of tumor suppressor
genes such as the cell cycle regulator, p16 and genes
involved in DNA mismatch repair like hMLH1[4]. The
hMLH1 promoter region is methylated in about 90%
of microsatellite unstable (MSI-positive) colon cancers
that leads to the silencing of hMLH1 expression[5]. The
CIMP+ phenotype may be the result of more widespread
aberration in methyl-group metabolism in cancer cells.
Interaction of the epigenome with the environment,
including nutrition, can alter patter ns of g ene
expression. It has been proposed that polymorphisms
in folate-metabolizing enzymes and genes involved in
DNA methylation are associated with colon cancer.
MTHFR is a key enzyme regulating folate metabolism,
which affects DNA methylation and synthesis. MTHFR
converts 5, 10-methylentetrahydrofolate to 5-methyl
tetrahydrofolate, which is required for homocysteine
methylation to methionine. Methionine is then activated
to S-adenosylmethionine, a universal methyl donor
in numerous transmethylation reactions, including
methylation of DNA, RNA, proteins, and other
molecules [6]. The MTHFR gene is polymorphic with
single nucleotide variants within codon 677 in exon 4
(C to T, Ala to Val). This variant encodes a thermolabile
enzyme with reduced activity that leads to a reduced
plasma folate level[7].
Several case-control studies have shown a reduced
risk of CLC for homozygous MTHFR TT individuals.
The protective effect appears to depend on an adequate
level of dietary folate intake, gender, age, and location
of the tumor in the proximal or distal colon[8,9]. In some
circumstances, the MTHFR-T T genotype seems to
increase the risk of CLC[10,11]. It has been suggested that
deficient activity of MTHFR affects DNA methylation
status through an interaction with folate status[12]. Several
data provide evidence that individuals with the common
C677T mutation in the MTHFR gene and with low levels
of folate had a diminished level of DNA methylation
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compared with those with the C/C wild type. Folate
deficiency may be involved in carcinogenesis through
impaired synthesis and repair of DNA, or by causing
global hypomethylation of DNA, a possible early
event in carcinogenesis[13]. Although a protective role
against cancer was suggested for the high dietary folate
intake, epidemiological evidence has not consistently
shown a protective effect of high folate intake against
CLC[14,15]. There are few studies addressing joint effects
of MTHFR C677T genotypes, and methyl donor
coenzymes status on promoter methylation of tumorassociated genes in CLC[16,17]. In the current study we
investigated the role of MTHFR C677T genotype, and
serum folate/vitamin B12 concentrations on methylation
of CpG islands at p16, hMLH1, and hMSH2 tumorassociated genes among Iranian sporadic CLC patients.

MATERIALS AND METHODS
Study population, and samples
A total of 151 sporadic primary CLC tumor samples (86
fresh and 65 formalin fixed and paraffin embedded) as
well as corresponding normal mucosa were collected from
surgical patients at 3 hospitals of the Shiraz University
of Medical Sciences in Shiraz, Southern Iran from July,
2003 to September, 2005. Institutional review board
approval was granted for this study. The fresh samples
were snap frozen in liquid nitrogen immediately after
resection and stored at -70℃ until processing. All samples
were evaluated and subjected to histological diagnosis by
an expert pathologist, who also selected representative
tissue sections for DNA extraction, and further
molecular analyses. The splenic flexure was used as the
anatomical boundary to define proximal and distal CLC.
Sociodemographic characteristics such as age and gender
were obtained by completion of a detailed questionnaire.
Extraction of DNA and MTHFR genotyping
Genomic DNA was extracted from micro-dissected
formalin-fixed, paraffin embedded tumor samples
and adjacent normal tissues using the pinpoint slide
DNA isolation kit (ZYMORESEARCH, CA, USA).
We used the standard phenol/chloroform method
for DNA extraction from fresh tumor samples.
Genotyping of MTHFR at codon 677 of DNA
from control and CLC cases was performed using a
modification of the mutagenically separated PCR (MSPCR) method described by Hill and FitzPatrick [18] .
Genotyping for MTHFR involved analysis of PCR
product size by electrophoresis on 3% agarose gels.
PCR reactions were carried out in a volume of 50 µL
containing 50 ng DNA, 1 × polymerization buffer
(MBI Fer mentas, Lithuania), 1.5 mmol/L MgCl 2 ,
0.2 mmol/L dNTP, and 1.5 U Taq polymerase. The
primers and concentrations used for PCR reactions were
as follows: forward mutant (29 bases) 0.35 μmol/L 5´
-CACTTGAAGGAGAAGGTGTCTGCGGGACT-3´,
forward nor mal (49 bases) 0.19 μmol/L
5'-GCTTTGAGGCTGACCTGAAGACCTTGAAGGAGAAG GTGTCTGCGGCAGC-3'
www.wjgnet.com
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and the reverse primer (20 bases) 0.23 μ mol/L
5'-TCACCTGGATGGGAAAGATC-3'. The two
forward primers are complementary to the normal
(677C) and mutant (677T) alleles and differed in length
by 20 bases at their 5' ends. The cycling parameters were
5 min at 95℃ followed by 35 cycles of 45 s at 95℃,
1 min at 55℃, and 45 s at 72℃ followed by a single
10-min extension at 72℃. Twenty μL of each reaction
mixture was separated on agarose gel and stained with
ethidium bromide and visualized under UV illumination.
Serum folate and vitamin B12 measurement and
methylation specific PCR (MSP)
Folate and vitamin B12 measurements were limited to
sera from 86 patients with freshly studied tumors and 81
age and sex matched normal controls, selected among
healthy volunteers from the general population with
no history of any cancer. Blood samples were drawn
from patients before operation and serum was prepared
within two hours of blood collection. Sera were frozen
immediately at -70℃ until used. The concentrations of
folate and vitamin B12 in each specimen were measured
in duplicate by a commercial radioimmunoassay kit
(SimulTRAC-SNB RIA, DRG International Inc. USA)
using a gamma counter (Contron, Switzerland). We
determined the p16, hMLH1, and hMSH2 promoter
methylation status by chemical treatment with sodium
bisulfite and subsequent MSP as described[19]. In brief,
this technique uses bisulfite modification to convert
unmethylated, but not methylated, cytosine to uracil.
MSP utilizes this difference to amplify specifically either
methylated or unmethylated DNA. The sequences of
primers used for amplification of the promoter region
of each of the 3 genes were as follows: p16 methylated,
sense 5'-TTATTAGAGGGTGGGGC-GGATCGC-3'
and antisense 5'-GACCCCGAACCGCGACCGTAA-3',
which produce a 150 bp fragment; p16 unmethylated:
sense 5'-TTATTAGAGGGTGGGGTGGATTGT-3'
and antisense 5'- CAACCCCAAACCACAACCATAA-3',
which produce a 151 bp fragment; hMLH1 methylated,
sense 5'-ACGTAGACG-TTTTATTAGGGTCGC-3' and
antisense 5'-CCTCATCGTAACTACCCGCG-3', which
produce a 112 bp fragment; hMLH1 unmethylated, sense
5'-TTTTGATGTAGATGTTTTATTAGGGTTGT-3'
and antisense 5'-ACCACCTCATCATAACTACCCACA3',which produce a 124 bp fragment; hMSH2 methylated,
sense 5'-TCGTGGTCGGACGTCGTTC-3' and
antisense 5'-CAACGTCTCCTTCGACTACACCGG-3',
which produce a 133 bp fragment; hMSH2 unmethylated,
sense 5´-GGTTGTTGTGGTTGGATGTTGTTT-3'
and antisense 5'-CAACTACAACATCTCCTTCAAC
TACACCA-3', which produce a 144 bp fragment. The
hot-started PCR reactions were performed in a 50 μL
reaction volume containing 25 pmol of each of sense
and antisense primer, 0.2 mmol/L dNTPs, and 80 ng
bisulfite-modified DNA in 1× PCR buffer provided
by Taq enzyme supplier. The reaction mixture was
denatured at 95℃ for 5 min, after which 1.5 U Taq
polymerase was added; then amplified by 40 cycles, each
consisting of 30 s denaturation at 95℃, 45 s annealing
www.wjgnet.com
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Table 1 Frequency distributions of selected characteristics in
CLC patients and control subjects
Variables

Cases
Proximal

Distal

Total
(n = 151)

Control
(n = 81)

P1

Gender
0.8
Male (%)
28 (31.1)
62 (68.9)
90 (59.6)
50 (61.7)
Female (%)
32 (52.5)
29 (47.5)
61 (40.4)
31 (38.3)
Smoking status
0.1
Smokers2 (%)
22 (34.4)
42 (65.6)
64 (42.4)
25 (30.9)
Non-smokers
38 (43.7)
49 (56.3)
87 (57.6)
56 (69.1)
Age groups (yr)
0.4
< 60 (%)
24 (36.4)
42 (63.6)
66 (43.7)
40 (49.4)
≥60 (%)
36 (42.4)
49 (57.6)
85 (56.3)
41 (50.6)
Median (range) 61 (40-87) 60 (28-90) 60 (28-90) 60 (28-89)
Mean (SD)
62.22 (10.97) 59.24 (12.7) 60.42 (12) 58.98 (15.66)
1

Fisher’s exact test; 2Current and former smokers.

at 58℃, and 30 s polymerization at 72℃, followed by a
single 10-min extension at 72℃.
Statistical analysis
Statistical analysis was performed using the SPSS version
11.5 software package (Chicago, IL). Associations
between methylation of loci and clinical, biological and
genotypic features were evaluated using Chi square and
Fisher’s exact test as appropriate. Logistic regression was
used to calculate odds ratio (OR) and 95% confidence
intervals (95% CI). We adjusted for covariates, specifically
including age, gender, and smoking status. Comparing
serum folate and vitamin B12 levels in cases and controls
was performed using two-sided t-test, Mann-Whitney test,
and Kruskal-Wallis test appropriately.

RESULTS
Distribution of selected characteristics of cases and
controls
Selected characteristics of the study population are
presented in Table 1. One hundred and fifty one patients
and 81 controls entered the study. The distribution
was similar in cases and controls by virtue of the study
design. Sixty percent (91) of patients had distal CLC
and 40% (60) had proximal CLC. Cases were more likely
to be males and to be non-smokers. No statistically
significant differences were found between cases and
controls or between proximal and distal cancer cases
with respect to distributions of age, and smoking status.
The frequency of distal CLC in males and females was
68.9% and 47.5% (Table 1), respectively, indicative of
a significantly higher left CLC incidence in males than
females (OR = 2.65; 95% CI, 1.3-5.2).
MTHFR genotypes and the methylation status of tumorassociated genes promoter
Illustrative examples of genotyping of MTHFR
gene are shown in Figure 1. In 42 patients for whom
we performed genotyping in both the cancer tissue
and adjacent normal tissue, the typing results were
identical in the two samples. CpG island promoter
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Figure 1 Representative example of MS-PCR assay for genotyping of codon
677 of MTHFR gene. For PCR-primers and reaction conditions see methods.
In case of the MTHFR 677 C allele, a product with 168 base pairs (bp) in length
was generated, whereas the MTHFR 677 T allele yielded a 148-bp product.
The differently sized allele-specific PCR products were separated by agarose
gel electrophoresis. In 42 patients genotyping was performed in both cancer
tissue (T) and adjacent normal tissue (N). Lanes 2-5 in the lower panel show
heterozygote (CT) samples. M: DNA size marker.

hypermethylation was analyzed in the primary tumors by
methylation specific PCR as described in “MATERIALS
AND METHODS”. Illustrative examples are shown in
Figure 2. Table 2 summarizes the association of
promoter methylation of genes and MTHFR genotype,
and other clinical-biological characteristics of CLC
patients. Several studies have reported age-dependent
variation in the frequency of the MTHFR genotypes[20,21].
Therefore, we divided both CLC and control groups into
≥ 60 and < 60-year old groups. The median age of CLC
patients (60 years) was chosen for this division. The most
frequently methylated locus was p16 (19.9 %; 30 of 151),
followed by hMLH1 (13.2 %; 20 of 151), and hMSH2
(2.6 %; 4 of 151). Eight of 151 (5.3 %) of tumors had
both P16 and
CpG island hypermethylation
while 2 of 151(1.3%) had both hMLH1 and hMSH2
promoter hyper methylation. None of the tumors
had simultaneous CpG island hypermethylation of
all three genes. There were no significant differences
in association of methylation of any individual gene
investigated by age or sex of patients. The frequency
of tumor methylation (tumors with at least one gene
methylated) was 44/151 (29.1%). The latter group of
tumors is collectively referred to as “methylated tumors”.
A significantly higher risk of tumor methylation was
found in females (OR = 2.3; 95% CI, 1.1-5.04) (Table 2).
Gene promoter methylation was also strongly associated
with tumor site, the highest frequency (more than 97%)
of methylation occurring in the proximal tumors.
We c o n f r o n t e d M T H F R g e n o t y p e w i t h t h e
methylation of tumors using the CC genotype as the
reference group. Results from case-case comparison,
showed no statistically significant genotype dependent
differences in the frequency of any specific gene
promoter methylation (Table 2). In comparison to cases
with the CC genotype, we did not find any significant
association between tumor methylation or “methylated
tumors” , defined above and any single genotype in the
entire group of patients, but cases with the CT genotype
were slightly more likely to have methylated tumors
(OR = 1.9; 95% CI, 0.9-4.2). Results from the casecontrol comparison, showed that the CT genotype was
significantly associated with tumor methylation in the
entire group of patients (OR = 2.5; 95% CI, 1.1-5.6;

U

T1
T2
T3
T4
T5
T6
T7
T8
M U M U M U M U M U M U M U M

hMLH1

U

T1

M

U

T2

M

U

T3

M

U

T4

M

U

T5

M

hMSH2

Figure 2 Representative examples of MSP reactions for promoter methylation
analysis of p16, hMLH1, and hMSH2 genes in primary CLC tumors. The
presence of a visible PCR product in those lanes marked U indicates the
presence of unmethylated genes; the presence of a product in those lanes
marked M indicates the presence of methylated genes. Lane 1 indicates the 50
bp DNA size marker.

Table 3). More than five-fold increased risk of tumor
methylation was also observed for the CT genotype,
in male CLC cases compared with age-matched male
controls. The CT genotype also presented significantly
increased tumor methylation in the proximal and in the
older age group (OR = 2.7, 95% CI, 1.2-6.2; OR = 3.8,
95% CI, 1.2-12, respectively). The same trend was also
observed for CT + TT genotypes. These results suggest
that the C677T genotype of MTHFR can predispose
some of CLC patients to the methylation of genes
promoter.
Serum folate/vitamin B 12 status and genes promoter
methylation
Due to the previously observed interaction between
folate and the MTHFR g enotype in CLC [22] , we
investigated the influence of serum folate/vitamin B12
levels on tumor methylation in 86 fresh tissue samples
in which their corresponding blood samples were
also available. We observed no significant differences
in serum folate/vitamin B12 levels between cases and
controls (Table 4). There were also no differences in
association of serum folate/vitamin B12 levels by sex,
and tumor location. Comparing two age groups of
patients, a trend for higher serum folate/vitamin B12
levels was observed in older age group, with the older
cases presenting 15% higher serum folate (P = 0.04).
In case-control comparisons, we found no significant
difference in serum folate/vitamin B12 levels by MTHFR
genotypes (data not shown). However, in case-case
comparisons, serum folate levels appear to be associated
with MTHFR genotypes (Table 5). Patients with the
homozygous T T genotype had significantly lower
concentrations of folate in their blood than those with
CT or CC genotypes (Mann-Whitney test, P = 0.007
and P = 0.03, respectively). We found no significant
difference in serum vitamin B12 concentrations between
subjects with the CC and TT genotypes.
To test the association between ser um folate/
vitamin B12 levels and methylation of genes promoter
and tumors methylation, we stratified serum folate/
www.wjgnet.com
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Table 2 Stratification analysis of tumors and genes promoter methylation frequencies
Variables

p 16
Sex
Male (90)
Female (61)
Total (151)
Age (yr)
< 60 (66)
≥ 60 (85)
Tumor site
Proximal (60)
Distal (91)
Serum folate (86)
Low (38)
High (48)
Serum vitamin B12 (86)
Low (42)
High (44)
MTHFR 677 genotype4
CC (64)
CT (80)
TT (7)
CT + TT (87)

Methylated tumors2
n (%)

Methylation positive (%)

P

1

hMLH1

P

1

hMSH2

P

1

OR (95% CI, P )3

13 (14.4)
17 (27.9)
30 (19.9)

0.06

10 (11.1)
10 (16.4)
20 (13.2)

NS

4 (4.4)
0 (0)
4 (2.6)

NS

21 (23.3)
23 (37.7)
44 (29.1)

1
2.3 (1.1–5.04, 0.03)

15 (22.7)
15 (17.6)

NS

7 (10.6)
13 (15.3)

NS

0 (0)
4 (4.7)

NS

19 (28.8)
25 (29.4)

1
1.1 (0.6–2.4, 0.7)

29 (48.3)
1 (1.1)

0.00

20 (33.3)
0 (0)

0.00

4 (6.7)
0 (0)

0.02

43 (71.7)
1 (1.1)

1
0.002 (0.00–0.023, 0.00)

2 (5.3)
10 (20.8)

0.04

4 (10.5)
10 (20.8)

NS

0 (0)
3 (6.3)

NS

4 (10.5)
16 (33.3)

1
4.9 (1.4 -17.7, 0.01)

2 (4.8)
10 (22.7)

0.02

5 (11.9)
9 (20.5)

NS

0 (0)
3 (6.8)

NS

5 (11.9)
15 (34.1)

1
3.9 (1.1-13.9, 0.03)

13 (20.3)
17 (21.3)
0 (0)
17 (19.5)

NS
NS
NS
NS

7 (10.9)
12 (15)
1 (14.3)
13 (14.9)

NS
NS
NS
NS

0 (0)
3 (3.8)
1 (14.3)
4 (4.6)

NS
NS
NS
NS

15 (23.4)
28 (35)
1 (14.3)
29 (33.3)

1
1.92 (0.9-4.2, 0.09)
0.7 (0.07-6.1, 0.7)
1.8 (0.8-3.9, 0.125)

1

Fisher's exact test; 2tumors with at least one methylated gene promoter; 3the first category was taken as reference. Odds ratio adjusted for age, sex, and
smoking status; 4For genotype comparison CC used as the reference category. NS: Not significant.

Table 3 Association between MTHFR genotypes and tumor methylation in relation to clinical-biological features of CLC patients
(case-control comparison, n )
Genotype (%)
Total
CC
CT
CT or TT
Sex
Male
CC
CT
CT or TT
Female
CC
CT
CT or TT
Age
< 60
CC
CT
CT or TT
≥ 60
CC
CT
CT or TT
Site
Proximal
CC
CT
CT or TT
Distal
CC
CT
CT or TT

Cases

Methylated

OR (95% CI, P )1,2

Unmethylated

OR (95% CI, P )1,2

81
40 (49.4)
31 (38.3)
41 (50.6)

151
64 (42.4)
80 (53)
87 (57.6)

44
15 (34.1)
28 (63.6)
29 (65.9)

1
2.5 (1.1-5.6, 0.02)
2.1 (0.9-4.5, 0.07)

107
49 (45.8)
52 (48.6)
58 (54.2)

1
1.4 (0.7-2.6, 0.3)
1.1 (0.7-2.1, 0.6)

50
28 (56)
17 (34)
22 (44)
31
12 (38.7)
14 (45.2)
19 (61.3)

90
33 (36.7)
51 (56.7)
57 (63.3)
61
31 (50.8)
29 (47.5)
30 (49.2)

21
5 (23.8)
15 (71.4)
16 (76.2)
23
10 (43.5)
13 (56.5)
13 (56.5)

40
18 (45)
18 (45)
22 (55)
41
22 (53.7)
13 (31.7)
19 (46.3)

66
31 (47)
34 (51.5)
35 (53)
85
33 (38.8)
46 (54.1)
52 (61.2)

19
6 (31.6)
13 (68.4)
13 (68.4)
25
9 (36)
15 (60)
16 (64)

60
22 (36.7)
37 (61.7)
38 (63.3)
91
42 (46.2)
43 (47.3)
49 (53.8)

43
15 (34.9)
27 (62.8)
28 (65.1)
1
0 (0)
1 (100)
1 (100)

Controls

1
5.3 (1.6-18.2, 0.008)
4.3 (1.3-14.3, 0.01)
1
1.1 (0.3-3.6, 0.9)
0.9 (0.3-2.8, 0.8)

1
1.4 (0.4-5.1, 0.6)
1.1 (0.3-3.8, 0.9)
1
3.8 (1.2-12.0, 0.02)
2.7 (0.9-8.2, 0.08)

2.7 (1.2-6.2, 0.02)
2.1 (1.03-4.99, 0.05)

ND
ND

69
28 (40.6)
36 (52.2)
41 (59.4)
38
21 (55.3)
16 (42.1)
17 (44.7)
47
25 (53.2)
21 (44.7)
22 (46.8)
60
24 (40)
31 (51.7)
36 (60)
17
7 (41.2)
10 (58.8)
10 (58.8)
90
42 (46.7)
42 (46.7)
48 (53.3)

1
1.9 (0.9-4.3, 0.09)
1.7 (0.8-3.6, 0.1)
1
0.7 (0.2-1.9, 0.5)
0.5 (0.2-1.4, 0.2)

1
0.8 (0.3-1.9, 0.6)
0.7 (0.3-1.6, 0.3)
1
2.6 (0.9-6.6, 0.09)
1.9 (0.8-4.2, 0.1)

1.4 (0.5-4.8, 0.4)
1.2 (0.4-3.7, 0.7)

1.3 (0.7-2.5, 0.4)
0.9 (0.5-1.6, 0.7)

1,2

For odds ratio and 95% CI calculations, controls with CC genotype was used as reference category, odds ratio adjusted for age, sex and smoking status.
ND: Not determined.

vitamin B12 levels in two groups of low (below median),
www.wjgnet.com
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Table 4 Associations between serum folate/vitamin B12 concentrations and tumor methylation in relation to the clinical-biological
characteristics of patients
Variables
Controls (81)
Total cases (86)
Unmethylated
Methyalated
Sex
Male (55)
Unmethylated
Methylated
Female (31)
Unmethylated
Methylated
Age
< 60 yr (36)
Unmethylated
Methylated
≥ 60 yr (50)
Unmethylated
Methylated
Site
Distal (62)
Unmethylated
Methylated
Proximal (24)
Unmethylated
Methylated

n (%)

66 (76.7)
20 (23.3)

43 (78.2)
12 (21.8)
23 (74.2)
8 (25.8)

30 (83.3)
6 (16.7)
36 (72)
14 (28)

61 (98.4)
1 (1.6)
5 (20.8)
19 (79.2)

Folate (ng/mL)
mean (range)

P1

High folate/Low
folate2 n (%)

P3

Vit.B12 (pg/mL)
mean (range)

P1

High B12/Low B122
n (%)

P3

6.3 (3.8-12)
5.9 (2.1-12)
5.7 (2.4-12)
6.4 (2.1-10)

0.14

49 (60.5)/32(39.5)
48 (55.8)/38(44.2)
32 (48.5)/34 (51.5)
16 (80)/4 (20)

0.64

312.8 (108-995)
269 (50-681)
255.2 (79-681)
314.7 (50-571)

0.14

40 (49.4)/41 (50.6)
44 (51.2)/42 (48.8)
29 (43.9)/37 (56.1)
15 (75)/5 (25)

0.94

5.9 (2.4-12)
5.8 (2.4-12)
6.5 (3.9-9.5)
5.7 (2.1-10)
5.6 (3-8)
6.2 (2.1-10)
5.4 (2.1-8)
5.4 (3-8)
5.5 (2.1-7.9)
6.3 (2.4-12)
6.1 (2.4-12)
6.8 (3.9-10)
5.8 (2.4-12)
5.8 (2.4-12)
7.9
6.1 (2.1-10)
5.3 (4.5-6.4)
6.3 (2.1-10)

0.06

0.1
0.65
0.4

0.5
0.045
0.1

0.3
0.45
0.06

0.02

29 (52.7)/26 (47.3)
19 (44.2)/24 (55.8)
10 (83.3)/2 (16.7)
19 (61.3)/12 (38.7)
13 (56.5)/10 (43.5)
6 (75)/2 (25)

0.02
0.55
0.4

18 (50)/18 (50)
14 (46.7)/16 (53.3)
4 (66.6)/2 (33.3)
30 (60)/20 (40)
18 (50)/18 (50)
12 (85.7)/2 (14.3)

0.7
0.45
0.03

32 (51.6)/30 (48.4)
31 (50.8)/30 (49.2)
1 (100)/0 (0)
16 (66.7)/8 (33.3)
1 (20)/4 (80)
15 (78.9)/4 (21.1)

ND
0.25
0.03

274.2 (67-681)
325.5 (67-571)
254.4 (83-681)
259.7 (50-523)
260. 3 (79-521)
257.8 (50-523)
238.1(50-571)
229.8 (79-465)
279.5 (50-571)
291.3 (67-681)
276.3 (83-681)
329.7 (67-543)
260.6 (79-681)
255.5 (79-681)
271 (271)
290.7 (50-543)
251 (109-483)
301.2 (50-543)

0.1

0.04
0.75
0.9

0.8
0.15
0.1

0.1
0.55
0.5

28 (50.9)/27(49.1)
18 (41.9)/25 (58.1)
10 (83.3)/2 (16.7)
16(51.6)/15 (48.4)
11 (47.8)/12 (52.2)
5 (62.5)/3 (37.5)
14 (38.9)/22(61.1)
11 (36.7)/19 (63.3)
3 (50)/3 (50)
30 (60)/20(40)
18 (50)/18 (50)
12 (85.7)/2 (14.3)
28 (45.2)/34 (54.8)
27 (44.3)/34 (55.7)
1 (100)/0 (0)
16 (66.7)/8 (33.3)
2 (40)/3 (60)
14 (73.7)/5 (26.3)

0.02

0.02
1.005
  0.7

0.7
0.15
0.03

ND
0.15
0.3

1

P-value from Mann-Whitney and t-test where appropriate; 2Median was taken as cut off point for low and high categorical value for serum folate/vitamin
B12 levels (5.5 ng/mL, and 240 pg/mL, respectively); 3P value from Fisher's exact test; 4Case/control comparison; 5Subgroups comparison, cases only. ND:
Not determined.

Table 5 Combined effects of MTHFR 677 genotype and serum folate/vitamin B12 concentrations on risk of tumor methylation
(case-case comparison)
MTHFR 677
genotype

Cases (86)
CC (42)
Unmethylated
Methylated
CT (38)
Unmethylated
Methylated
TT (6)4
Unmethylated
Methylated
CT + TT (44)
Unmethylated
Methylated

n (%)

34 (81)
8 (19)
27 (71.1)
11 (28.9)
5 (83.3)
1 (16.7)
32 (72.7)
12 (27.3)

Folate (ng/mL)
mean (range)
5.8 (2.1-8.8)
5.9 (3.4-8.8)
5.4 (2.1-7.8)
6.3 (3-12)
5.9 (3-12)
7.2 (5.3-10)
4.2 (2.4-5.9)
3.8 (2.4-5.1)
5.9
5.9 (2.4-12)
5.6 (2.4-12)
7.1 (5.3-10)

P1

0.6
0.55
0.06
0.035

0.95
0.002

P3

High folate/Low
folate2 n (%)
25 (59.5)/17 (40.5)
20 (58.8)/14 (41.2)
5 (62.5)/3 (37.5)
22 (57.9)/16 (42.1)
12 (44.4)/15 (55.6)
10 (90.9)/1 (9.1)
1 (16.7)/5 (83.3)
   0/5 (100)
1 (100)/0
23 (52.3)/21 (47.7)
12 (37.5)/20 (62.5)
11(91.7)/1 (8.3)

1.00
1.00
0.01
0.08

0.5
0.002

Vit. B12 (pg/mL)
mean (range)
254.6 ( 50-673)
267.3 (107-673)
200.9 (50-429)
296 (79-681)
254.1 (79-681)
398.7 (150-571)
198.5 (83-300)
178.2 (83-258)
300
282.7 (79-681)
242.3 (79-681)
390.5 (150-571)

P1

0.2
0.45
0.007
0.45

0.55
0.002

High B12/Low B122
n (%)
20 (47.6)/22 (52.4)
16 (47.5)/18 (53.9)
4 (50)/4 (50)
21 (55.3)/17 (44.7)
11 (40.7)/16 (53.9)
10 (90.9)/1 (9.1)
3 (50)/3(50)
2 (40)/3 (60)
1 (100)/0
24 (54.5)/20 (45.5)
13 (40.6)/19 (59.4)
11 (91.7)/1 (8.3)

P3

1.00
0.5
0.01
1.00

0.7
0.003

1

P-values for methylated and unmethylated cases, and genotype comparison, Mann-Whitney, t-test and Kruskal Wallis where appropriate; 2Median was
taken as cut off point for low and high categorical value for serum folate/vitamin B12 levels (5.5 ng/mL, and 240 pg/mL, respectively); 3P-value from
Fisher's exact test; 4Since we did not have enough TT cases, the association of serum methyl donors and tumor methylation was not determined in these
individuals; 5Comparison with the CC genotype, cases only.

hypermethylation within the promoter of p16 gene,
but not in either hMLH1 or hMSH2 genes, was higher
in CLCs derived from patients with high serum folate
(P = 0.04) and vitamin B12 (P = 0.02) when compared
with CLCs from patients with low serum folate/vitamin
B12 levels status (Table 2).
The association between tumor methylation and
serum folate/vitamin B12 levels is shown in Table 4. A
small trend for higher levels of serum folate was found

in the entire group of patients with methylated tumors
compared to those with unmethylated tumors (P =
0.06). The percentage of methylated tumors in patients
with high serum methyl donors was also higher than
those with low serum methyl donors (80% in high folate
group, and 75% in high B12 group; P = 0.02), whereas
no such difference was found for unmethylated tumor
group (Table 4). The OR for tumor methylation was 4.9
(95% CI, 1.4-17.7) for patients with high serum folate
www.wjgnet.com
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versus low serum folate (Table 2). The risk of tumor
methylation was also positively associated with serum
vitamin B12 status (OR = 3.9, 95% CI, 1.1-13.9). The
high serum folate/vitamin B12 levels were particularly
associated with tumor methylation in males (P = 0.02),
but not in females (P = 0.4, Table 4). The association
was also age and site dependent, being significant
for older cases and those with proximal tumors
(Table 4). Since we did not have enough distal methylated
tumors, we could not examine the association of tumor
methylation with serum folate status in such tumors.
Joint effects of serum methyl donors, and MTHFR C677T
genotypes on promoter methylation of tumor-associated
genes
To investigate further whether the relationship between
serum folate/vitamin B12 status and DNA methylation
is modified by the MTHFR genotype, we evaluated
the joint effects of MTHFR codon 677 genotypes and
serum folate/vitamin B12 levels on tumor methylation.
The combined effects of serum folate/vitamin B12 levels
and MTHFR polymorphism on tumor methylation are
presented in Table 5. While the CC genotype showed
no association with serum folate/vitamin B 12 levels
with respect to tumors methylation, the CT and CT/TT
genotypes of MTHFR exhibited a significant association
of tumor methylation with high serum methyl donors.
Insufficient TT cases eliminated the ability to examine
their association with serum methyl donors and tumor
methylation in these individuals. The frequency of
methylated tumors was significantly different between
cases with high and low serum methyl donors only in
those with the CT and CT/TT genotype, but not with
the CC genotype. More than 90% of methylated tumors
in cases with CT and CT/TT genotypes had high serum
methyl donors (Table 5). Among CC individuals no
significant differences in mean serum folate/vitamin B12
levels between cases with methylated and unmethylated
tumors or an association between tumor methylation
and folate/vitamin B12 levels was observed. Therefore,
the 677T allele seems to increase the risk of methylation
associated with high serum folate/vitamin B 12 . We
conclude that for the heterozygous or homozygous
C677T genotypes, increased concentrations of folate and
vitamin B12 are associated with increased risks of tumor
methylation. Our data suggest that the MTHFR C677T
genotype might be a genetic modifier of the effect of
the folate/vitamin B12 status on the risk of methylation
of genes promoter.

DISCUSSION
It is well established that loss of proper gene expression
in human cancer can occur through e pig enetic
mechanisms. The effect of a common polymorphism
in the MTHFR gene (C677T) on colorectal cancer
risk in relation to folate status is controversial. Both
global DNA hypomethylation and gene promoter
hypermethylation associated with the MTHFR T T
genotype under low folate intake have been reported[12].
www.wjgnet.com
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In the present study, we investigated the association
between the MTHFR C677T genotype and methylation
of three putative tumor-associated genes, p16, hMLH1,
and hMSH2, in 151 unselected series of sporadic CLC.
In our study (Table 2) the number of CLCs with at
least one gene methylated was higher in females than
males, and in those with proximal tumor location than
those with distal tumors. Proximal tumor location,
higher frequency in female subjects, and older age are
characteristics that were previously associated with
CIMP+ CLC[4,10].
In comparison to controls, MTHFR C677T allele was
associated with the elevation of tumor methylation in
the entire group of cases, as well as in males and older
patients (Table 3). Therefore, our finding is consistent
with those reports in which increased genes promoter
methylation was associated with the MTHFR C677T
genotype in CLC[10,23]. We found no apparent association
between methylation of any of the individual gene
examined and the MTHFR genotypes. Therefore, DNA
methylation at specific loci appears to be random.
Consistent with a previous report that there are more
frequent CIPM+ proximal tumors in subjects with alleles
conferring low MTHFR enzyme activity[23], the majority
of methylated tumors with 677T variants in our study
were also located in the proximal colon (Table 3).
Vitamin B12 and folate are two important cofactors
of methyl-group metabolism. We noted a trend for
association between serum folate/vitamin B12 levels and
gene promoter methylation (Table 2). Higher serum
folate and vitamin B12 levels were strongly associated
with promoter methylation of the key tumor suppressor
gene p16 (P = 0.04, and P = 0.02, respectively). There was
also a trend, although not statistically significant, in the
association between the serum folate/vitamin B12 levels
with promoter methylation of hMLH1 and hMSH2 genes.
Given the interaction between folate and the MTHFR
genotype for CLC risk, we stratified the analyses of
tumor methylation based on MTHFR genotypes and
serum folate/vitamin B12 status (Tables 4 and 5). In casecase comparisons, we found no significant difference
in methyl donor status by age, sex, or tumor location.
However, the serum folate level was significantly lower
in cases homozygous for the C677T variant compared to
those with the CT and CC genotypes (P = 0.04, Table 5).
We found the TT variant of MTHFR associated with
lower levels of folate in patient’s sera. Although the
blood folate level is mainly determined by dietary intake,
the MTHFR C677T polymorphism might modify its
metabolism and serum concentration[24].
In our study, we found significant differences in
the serum folate and vitamin B12 levels in patients with
methylated and unmethylated tumors (Table 4). None of
the patients in our study used vitamin supplementation.
Therefore, the increased tumor methylation observed
in our study was associated with the high serum methyl
donor status in physiological range. We noted also the
same trend in the association between serum vitamin
B12 levels and tumor methylation (Table 4). Therefore,
our data are consistent with those reports where a
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positive association of dietary folate intake with DNA
methylation and CLC risk was observed[25,26].
Both folate deficiency and the MTHFR C677T
polymorphism have been previously linked to global DNA
hypomethylation in lymphocytes and colon tissue[27,28].
However, few studies have addressed the joint effects
of methyl donors in blood and MTHFR genotypes on
promoter-specific DNA methylation in malignancies[12,29].
Here, we assessed the association between methylation of
genes promoter, the circulating levels of folate/vitamin
B12 and the influence of the MTHFR 677 genotypes in
CLC patients. While no significant difference in serum
folate/vitamin B12 status was observed between those with
methylated and unmethylated tumors in CC individuals,
the CT, and CT/TT genotypes of MTHFR exhibited a
significant positive correlation with elevated folate/vitamin
B12 levels for promoter methylation silencing (Table 5).
Previously, an interaction between dietary folic acid and
vitamin B12 supplementation with promoter methylation
in colorectal adenomas has been suggested, especially
for subjects with MTHFR TT genotype[16,30]. Because
we did not have enough TT cases, we could not evaluate
correlation of serum folate levels with tumor methylation
in these individuals. Among our study group there was
only one TT individual with a methylated tumor who also
had higher serum folate/vitamin B12 level than TT cases
with unmethylated tumors (Table 5). Genomic DNA
methylation in leukocytes and in transformed human
lymphoblasts was shown to be positively correlated to
folate status in those with the TT genotype, but not with
wild-type MTHFR CC genotype[12,27,31]. An inverse trend of
serum and erythrocyte folate with DNA hypomethylation
was also reported in normal colonic mucosa[28].
In some studies, no interaction was reported between
either MTHFR genotype and folate intake in association
with CIMP + colon tumors[17,32]. Further investigation is
needed focusing on ethnic variations in the relationships
between the MTHFR polymorphism, folate intake, and
tumors methylation in CLC. The majority of previous
case-control studies have assessed dietary folate or
vitamin B intake from questionnaires rather than their
blood measurements, a procedure which is prone to
some degree of miscalculation. Moreover, other factors
like alcohol intake and iron status may be related to
folate availability and biological activity[33]. In the present
work, the direct measurement of serum folate/vitamin
B12 was correlated with CLC and tumor methylation. It
has been previously reported that the colonic mucosal
folate concentration correlates directly with serum
folate concentration in the physiological range at each
time point[34]. Therefore, the serum folate measurement
could be an accurate reflection of the folate status in
the colonic mucosa. High intracellular concentrations
of folate intermediates are associated with aberrant
methylation within promoter regions of cancer –
associated genes in colorectal tumors[35].
There is evidence that the epigenetic mechanism
of gene silencing by methylation may play a differential
role in proximal versus distal colon carcinogenesis. A
different role for the MTHFR 677 TT genotype in the
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tumorigenesis of proximal and distal CLC has been also
suggested[8]. Our finding of an increased risk of tumor
methylation associated with high serum folate/vitamin
B12 levels in those with proximal tumors, and in older
patients (Table 4) might be related to the previous
observation of a high concentration of folate in tumors
from older patients and proximal CLC[35].
Our results indicate that a high serum folate/vitamin
B12, in combination with a heterozygous or homozygous
C677T MTHFR genotype, predisposes tumor-specific
genes to promoter hypermethylation. Conversely, folate
could be protective or have no effect in developing CLC
in subjects with the wild type MTHFR 677 CC genotype.
T he MTHFR C677T mutation reduces MTHFR
activity, which leads to lower levels of 5-methylTHF in
individuals with a marginal folate status. However, in
the presence of high folate levels, the negative effect
of MTHFR TT on the efficiency of the methylation
process might be masked possibly by maximizing the
catalytic activity of MTHFR[36]. Indeed, under conditions
of high folate status no differences in the Km or Vmax
values were detected between the wild type and mutant
enzymes[37]. Therefore, hypermethylation of CpG islands
could occur in individuals with the MTHFR 677T allele
under high folate status.
A major draw-back of the present study is the fact
that the serum data collection occurred after the onset of
tumor formation. Although, more studies are needed to
determine whether MTHFR C677T genotypes, together
with high serum folate/vitamin B12 levels, could serve as
risk factors for the CIMP + CLC subgroup, the findings
of this study are in agreement with other recent reports
which together provide additional evidence for caution in
the mandatory fortification of cereals with folic acid.
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COMMENTS
Backgrounds

Transcriptional silencing of tumor suppressor genes by hypermethylation of
capillary blood gases (CpG) islands located in the promoter region is very
common in human colorectal cancer. P16, hMLH1, hMSH2 are key tumor
suppressor genes frequently silenced by promoter methylation in sporadic colon
cancer (CLC). Methylentetrahydrofolate reductase (MTHFR) C677T genotype
has been associated with reduced enzyme activity and altered cellular folate
composition. In this study, we investigated the association between serum
folate/vitamin B12, MTHFR C677T genotype, and promoter methylation of three
tumor-associated genes in solid tumors among sporadic CLC patients.

Research frontiers

Dietary folate/vitamin B12 intake and MTHFR C677T genotype was suggested to
protect against colorectal cancer. However, only a few studies have addressed
the joint effects of circulating levels of folate/vitamin B12 and the MTHFR C677T
genotype on the risk of epigenetic inactivation of specific tumor suppressor
genes in CLC patients.

Innovations and breakthroughs

Our data indicate that serum folate/vitamin B12 levels are directly associated
with the DNA hypermethylation of CpG island within promoter of the tumor
specific genes and to the C677T genotype of MTHFR. We identified that
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the T allele of MTHFR has strong influence on the risk of tumor methylation
associated with high serum folate/vitamin B12 levels.

Applications

The results from the study support other recent reports that high folate and
vitamin B12 status might serve as risk factors for CLC. This study provides
additional evidence for caution in terms of CLC risk because of the mandatory
fortification of cereals with folic acid in certain countries.

Peer review

This is a population-based, case-controlled, molecular epidemiological study
on the interaction of MTHFR C677T genotype and circulating folate/vitamin B12
with the CpG island hypermethylation of tumor-associated genes in sporadic
colorectal cancer. This result indicated that for the MTHFR C677T genotypes,
increased concentrations of folate and vitamin B12 are associated with increased
risks of tumor methylation. This demonstration might give a suggestion to
protect against colorectal cancer, at least, in Iranian sporadic CLC population.
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Abstract
AIM: To determine the effect of ellagic acid on apoptosis and proliferation in pancreatic cancer cells and to
determine the mechanism of the pro-survival effects of
ellagic acid.
METHODS: The effect of ellagic acid on apoptosis
was assessed by measuring Phosphatidylserine
externalization, caspase activity, mitochondrial
m e m b ra n e p o t e n t i a l a n d D N A f ra g m e n t a t i o n ;
and proliferation by measuring DNA thymidine
incorporation. Mitochondrial membrane potential
was measured in permeabilized cells, and in isolated
mitochondria. Nuclear factor kB (NF-kB) activity was
measured by electromobility shift assay (EMSA).
RESULTS: We show that ellagic acid, a polyphenolic
compound in fruits and berries, at concentrations
10 to 50 mmol/L stimulates apoptosis in human
pancreatic adenocarcinoma cells. Further, ellagic acid
decreases proliferation by up to 20-fold at 50 mmol/L.
Ellagic acid stimulates the mitochondrial pathway of
apoptosis associated with mitochondrial depolarization,
cytochrome C release, and the downstream caspase
www.wjgnet.com

activation. Ellagic acid does not directly affect
mitochondria. Ellagic acid dose-dependently decreased
NF-kB binding activity. Furthermore, inhibition of NF-kB
activity using IkB wild type plasmid prevented the
effect of ellagic acid on apoptosis.
CONCLUSION: Our data indicate that ellagic acid
stimulates apoptosis through inhibition of the prosurvival transcription factor NF-kB.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a very aggressive disease and is the
fourth most common cause of death in Western countries
with almost the same rate of incidence and mortality per
year[1,2]. Pancreatic cancer is very resistant to radio-and
chemo-therapies. One reason for that is the resistance of
pancreatic cancer cells to apoptosis[3].
During the past decade, significant progress has been
achieved in understanding the molecular mechanisms
of apoptosis[4]. The information obtained suggests that
the commitment to apoptosis occurs through activation
of caspases, a unique family of cysteine proteases [4].
Caspases are synthesized as inactive precursors and
are, generally, activated by proteases including caspases
themselves. Thus, caspases can function in an activation
cascade.
Cancer cells protect themselves from apoptosis by
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upregulation of prosurvival mechanisms. Activation
of the transcription factor NF-kB is a key pro-survival
mechanism in cancer cells[5,6]. NF-kB is constitutively
active in pancreatic cancer cells, and its inhibition leads
to pancreatic cancer cell death and inhibition of tumor
development[7].
Ellagic acid (C14H6O8) is a polyphenolic compound
present in fruits and berries such as pomegranates,
strawberries, raspberries and blackberries. It has anticarcinogenic, antioxidant and antifibrosis properties[8-11].
The anticarcinogenic effect of ellagic acid was shown in
several types of cancers including skin, esophageal, and
colon cancers[11,12]. However, the effects of ellagic acid on
pancreatic cancer have not been studied. Furthermore, the
mechanisms mediating anticancer effect of ellagic acid, in
general, remain unknown.
There is a growing interest in natural compounds
for enhancing cancer prevention and treatment. In this
study, we show that ellagic acid induces apoptosis and
decreases proliferation in pancreatic cancer cells. We
demonstrate that ellagic acid stimulates apoptosis in
pancreatic cancer cells through inhibiting transcription
factor NF-kB activity.

MATERIALS AND METHODS
Reagents
Ac-Asp-Glu-Val-Asp-7-amino-4-methylcoumarin (AcDEVD-AMC) was from Peptide Institute, Inc (Osaka,
Japan). Antibody against cytochrome C was from BD
Biosciences (San Diego, CA). CAPE was from biomol
(Plymouth meeting, PA). Ellagic acid and all other
reagents were from Sigma Chemical (St. Louis, MO).
Cell culture
Human pancreatic adenocarcinoma cell lines, the
poorly differentiated MIA PaCa-2 and the moderately
differentiated PANC-1, were obtained from the
American Type Culture Collection (Manassas, VA). MIA
PaCa-2 and PANC-1 cells were grown in 1/1 D-MEM/
F-12 medium (GIBCO Invitrogen Corporation, Grand
Island, NY) supplemented with 15% fetal bovine serum
(FBS), 4 mmol/L L-glutamine, and 1% antibiotic/
antimycotic solution (Omega Scientific, Tarzana,
CA). Cells were maintained at 37℃ in a humidified
atmosphere containing 5% CO2 and were used between
passages 4 and 12.
MIA PaCa-2 and PANC-1 cells were plated at a
density of 2 × 10 6 /mL on 100-mm culture dishes,
cultured for up to 48 h in D-MEM/F-12 medium
supplemented with FBS, glutamine and the antibiotic/
antimycotic solution, collected, and processed for the
specified analyses. Inhibitors or vehicle were added to
the culture medium just before plating out the cells.
Preparation of cytosolic and membrane fractions
Cells were resuspended in a lysis buffer (250 mmol/L
sucrose, 20 mmol/L HEPES, 10 mmol/L KCl,
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1 mmol/L Na-EGTA, 1 mmol/L Na-EDTA, 2 mmol/L
MgCl2, pH 7.0), allowed to swell for 30 min at 4℃, and
then disrupted by 80 strokes in a Dounce homogenizer.
Homogenates were centrifuged at 1000 g for 5 min
to pellet nuclei and cell debris. Supernatants were
centrifuged at 16 000 g for 30 min, and the cytosolic
fractions (supernatants) were collected. Pellets (heavy
membranes enriched with mitochondria) were lysed
in RIPA buffer (0.15 mol/L NaCl, 50 mmol/L Tris,
1% deoxycholic acid, 1% Triton X-100, 0.1% sodium
dodecyl sulfate, pH 7.2) for 1 h. To determine the
quality of cytosolic and mitochondrial separation, both
fractions were assessed by immunoblotting for the
mitochondrial marker cytochrome C oxidase subunit Ⅳ
(COX Ⅳ).
Western blot analysis
Cells were incubated in a lysis buffer (0.5 mmol/L
EDTA, 150 mmol/L NaCl, 50 mmol/L Tris, 0.5%
Nonidet P-40, pH 7.5) for 30 min at 4℃. The lysis buffer
was supplemented with 1 mmol/L PMSF, 5 g/mL each
of protease inhibitors pepstatin, leupeptin, chymostatin,
antipain, and aprotinin. Cell lysates were centrifuged
for 10 min at 13 000 g. Supernatants were collected and
proteins were separated by SDS-PAGE (Invitrogen)
and electrophoretically transferred to nitrocellulose
membranes. Non-specific binding was blocked with
5% milk in Tris-buffered saline (4 mmol/L Tris base,
100 mmol/L NaCl, pH 7.5). Membranes were washed
in Tris-buffered saline containing 0.05% Tween 20
(TTBS) and incubated for 2 h with the indicated primary
antibodies and then for 1 h with horseradish peroxidaseconjugated secondary antibody. Blots were developed
with the Supersignal Chemiluminescent Substrate (ECL)
(Pierce).
Measurements of apoptosis
Apoptosis parameters were measured as previously
described[13-16]: Internucleosomal DNA fragmentation
was measured by using Cell Death Detection ELISAPlus
kit (Roche Molecular Biochemicals, Manheim, Germany)
according to the manufacturer’s instructions.
Phosphatidylserine (PS) externalization: PS externalization was analyzed with the Annexin-V (AnV)-FLUOS
Staining Kit from Roche Biochemicals (Indianapolis,
IN) as we described before [13]. Cells were collected
and resuspended at a density of 1 × 10 6 cells in
500 μL of binding buffer containing 2 μL AnV and
1 μL propidium iodide (PI), incubated in the dark for
30 min at room temperature, and analyzed by flow
cytometry.
Effector caspase (DEVDase) activity: DEVDase
activity was measured by a f luorog enic assay in
whole cell lysates using DEVD-AMC as a substrate,
as we described before [13]. The lysate (50-100 μ g of
protein) was incubated with 10 μ mol/L substrate
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in a reaction buffer (25 mmol/L HEPES (pH 7.5),
10% sucrose, 0.1% C H A PS, 10 m mo l /L D TT)
at 37℃. Caspase substrate cleavage releases AMC,
which emits fluorescent signal with 380 nm
excitation and 440 nm emission. Fluorescence was
calibrated using a standard curve for AMC.
Measurement of mitochondrial membrane potential (∆
ym)
Changes in ∆y m were detected with the potentialsensitive probes 3, 3’ dihexyloxa-carbocyanine DiOC6 (3)
( Molecular Probes, Eugene, OR). Cells were incubated
with 100 nmol/L DiOC6 (3) for 30 min at 37℃ in
the dark, washed twice with PBS, and analyzed on a
FACScan using FL-1. To completely dissipate ∆y m,
cells were treated with the uncoupling agent CCCP
(50 μmol/L) for 1 h before DiOC6 (3) staining.
Registration of mitochondrial respiration and membrane
potential in cells permeabilized with digitonin
MIA PaCa-2 cells (5 × 106) were washed twice with PBS
and resuspended in 50 μL DMEM/F12 medium without
serum. The medium for mitochondrial functional assays
contained 250 mmol/L sucrose, 22 mmol/L KCl,
22 mmol/L triethanolamine (pH 7.4), 3 mmol/L MgCl2,
5 mmol/L KH2PO4, 0.5% BSA. Glutamate (10 mmol/L)
and malate (2 mmol/L) were used as mitochondrial
respiratory substrates. Digitonin at concentration 0.001%
was added to cell suspension to permeabilize plasma
membrane and to allow substrates and chemicals to
reach mitochondria immediately after addition into
reaction medium. The measurements were performed
at 25℃. Membrane potential and oxygen consumption
were monitored simultaneously in a 1-mL custom-made
chamber. Oxygen consumption was measured using a
Clark-type electrode (Instech Lab., Plymouth Meeting,
PA) connected to an oxygen meter (Yellow Springs
Instruments, Yellow Springs, OH). Mitochondrial
membrane potential was registered in the presence
of 1 μmol/L tetraphenyl phosphonium (TPP+) using
a TPP+-sensitive electrode connected to an amplifier
(Vernier Software, Beaverton, OR). An increase in
+
∆y m causes TPP uptake by mitochondria and,
correspondingly, a decrease in external TPP+ measured
with the electrode.
Another approach applied to measure ∆y m
is by using ∆ym-sensitive fluorescent probe tetramethylrhodamine methyl ester (TMRM; Molecular Probes,
Eugene, OR). Changes in the fluorescence intensity
were measured in the cell suspension containing
0.5 μmol/L TMRM in the 2-mL cuvette in a RF-1501
spectrofluorophotometer (Simadzu, Japan) with 543 nm
excitation, and 578 nm emission. ∆ym-driven mitochondrial uptake of TMRM causes TMRM quenching,
which results in decreased fluorescence intensity.
Isolation of mitochondria
Mitochondria from Mia PaCa-2 cells were isolated using
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differential centrifugation. Cells (approximately 2 × 108)
were homogenized using motor-driven tissue grinder
in the isolation buffer containing 320 mmol/L sucrose,
10 mmol/L Tris-HCl (pH 7.4), 0.5 mmol/L EGTA, 0.5
mmol/L EDTA and 0.2% BSA. Unbroken cells were
spun down by centrifugation at 500 g for 5 min, followed
by nuclei centrifugation at 2000 g for 3 min. The
resulting supernatant containing mitochondria was spun
down at 12 500 g for 10 min; then mitochondria were
washed in a washing buffer containing 320 mmol/L
sucrose and 10 mmol/L Tris-HCL (pH 7.4); and finally
the mitochondrial pellet was re-suspended in the washing
buffer. The obtained mitochondrial suspension contained
8 to 12 mg protein/mL as determined by the Bradford
protein assay (BioRad Laboratories). All isolation steps
were performed at 4℃, and the mitochondria were kept
on ice all the time. Mitochondrial membrane potential
and oxygen consumption were measured using TPP+sensitive and Clark-type electrodes correspondingly
in the same incubation buffer as described above for
digitonin-permeabilized cells.
Measurement of cytochrome C release from isolated
mitochondria
MIA PaCa-2 cell mitochondria were incubated in the
absence or presence of ellagic acid for 10 min. Aliquots
of mitochondrial suspension were collected, centrifuged
at 13 500 g for 10 min at 4℃, and cytochrome C levels
in the mitochondria (pellet) and the medium (supernatant) were measured by Western blot as previously
described[13].
Preparation of nuclear extracts and electromobility shift
assay (EMSA)
Preparation of nuclear extracts and EMSA have been
described in detail [17-19] . Briefly, pancreatic cancer
cells were lysed on ice in a hypotonic buffer A [17]
supplemented with 1 mmol/L PMSF, 1 mmol/L DTT,
and protease inhibitor cocktail containing 5 μ g/mL
each of pepstatin, leupeptin, chymostatin, antipain, and
aprotinin. Cells were left to swell on ice for a 20 min
to 25 min period: 0.3% Igepal CA-630 was then
added, and the nuclei were collected by microcentrifugation. The nuclear pellet was resuspended in a highsalt buffer C[17] supplemented with 1 mmol/L PMSF,
1 mmol/L DTT, and the protease inhibitor cocktail
described above. After incubating at 4℃, membrane
debris was pelleted by microcentrifugation for 10 min,
and the clear supernatant (nuclear extract) was aliquoted
and stored at -80℃. Protein concentration in the extracts
was determined by the Bio-Rad protein assay (Bio-Rad
Laboratories, Hercules, CA).
For the EMSA, aliquots of nuclear extracts with
equal amounts of protein (5-10 μ g) were mixed in
20-μL reactions with a buffer containing 10 mmol/L
HEPES (pH 7.8), 50 mmol/L KCl, 0.1 mmol/L
EDTA, 1 mmol/L DTT, 10% glycerol, and 3 μ g
poly (dI-dC). Binding reactions were started by the
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Figure 1 Ellagic acid stimulates apoptosis in pancreatic cancer cells. MIA PaCa-2 (A, C) and PANC-1 (B) cells were cultured for 48 h in the presence or absence of
indicated doses of ellagic acid. Internucleosomal DNA fragmentation was measured using the Cell Death Detection ELISA kit (A, B); Dead cells were assessed by
flow cytometry using AnV/PI staining (C). AnV+/PI- and AnV+/PI+ cells were considered dying through apoptosis and/or secondary necrosis. Values are normalized to
control (A, B). Values are mean ± SE (n = 3), aP < 0.05 vs control.
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Cell transfection
For this a luciferase reporter gene system was used.
Briefly, MIA PaCa-2 cells were simultaneously transfected
with the 4KBwt-pRL-TK luciferase plasmid, which
expresses the NF- κ B inhibitor Ⅰ- κ B and pRL-TK
luciferase (as a reference) using the NucleofectorTM Ⅱ
(Amaxa Inc, Gaithersburg, MD) according to the
manufacturer protocol. The transfection efficiency and
NF-κB transcriptional activity was assessed by using
the Dual-Luciferase Reporter Assay System (Promega
Corporation, Madison WI).
Statistical analysis
Results are expressed as mean ± SE from at least
3 independent experiments. Statistical analysis was
done using the unpaired Student’s t-test. P < 0.05 was
considered statistically significant.
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Figure 2 Ellagic acid inhibits proliferation in pancreatic cancer cells. MIA
PaCa-2 (A, C) and PANC-1 (B) cells were cultured for 48 h in the presence
or absence of indicated doses of ellagic acid. Proliferation was assessed by
measuring (3H) thymidine incorporation into DNA. The results are representative
of at least 3 independent experiments, aP < 0.05 vs control.

addition of 32P-labeled DNA probe and incubated
at room temperature for 20 min. The oligo probe 5’
-GCAGAGGGGACTTTCCGAGA-3’ containing κB
binding motif (underlined) was annealed to the
complementar y olig onucleotide and end-labeled
by using T4 polynucleotide kinase. Samples were
electrophoresed on a native 4.5% polyacrylamide gel
at 200 V in 0.5 TBE buffer (1 × TBE: 89 mmol/L
Tris base, 89 mmol/L boric acid, 2 mmol/L EDTA).
Gels were dried and densitometrically quantified in the
Phosphor-Imager (Molecular Dynamics, Sunnyvale,
CA). In pancreatic cancer cells, the NF-κB band has
two components: the upper component corresponds
to the p50/p65 heterodimer and the lower component
to the p50/p50 homodimer. In the present study, we
quantified the total (combined) intensity of the NF-κB
band.

RESULTS
Ellagic acid stimulates apoptosis and inhibits
proliferation of pancreatic cancer cells
Ellagic acid dose-dependently increased apoptosis in
PaCa cells (Figure 1). To measure apoptosis we used 2
approaches. First, we showed that ellagic acid stimulates
apoptotic internucleosomal DNA fragmentation in
MIA PaCa-2 (Figure 1A) and PANC-1 cells (Figure 1B).
Second, we used flow cytometry and AnV/PI staining
to measure the percentage of dead cells as described in
Experimental Procedures. We previously showed that the
AnV+/PI- group includes cells at early stages of apoptosis,
whereas the AnV+/PI+ group includes both necrotic cells
and apoptotic cells associated with secondary necrosis[13].
Ellagic acid increased the percentage of dead MIA PaCa-2
cells (i.e. stained positively for both AnV and PI or for
AnV alone) (Figure 1C).
Next, we measured the effect of ellagic acid on
proliferation of PaCa cells. The results in Figure 2 show
that ellagic acid dose-dependently inhibited proliferation
of both MIA PaCa-2 and PANC-1 cell lines as measured
by 3H thymidine incorporation (Figure 2A and B). The
effect was most pronounced at 50 μmol/L (almost 20
fold inhibition in MIA PaCa-2 cells).
www.wjgnet.com
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Figure 3 Ellagic acid induces loss of mitochondrial membrane potential, cytochrome C release, and caspase-3 activation in pancreatic cancer cells. MIA PaCa-2
(A-C) and PANC-1 (B) cells were cultured for 48 h in the presence or absence of indicated doses of ellagic acid or broad-spectrum caspase inhibitor zVAD-fmk
(100 μmol/L). A: Changes in ∆ym were measured by flow cytometry using the potential-sensitive probe 3,3’dihexyloxa-carbocyanine DiOC6 (3); B: Cytochrome C
release was assessed by measuring cytochrome C levels in both cytosolic and mitochondria-enriched membrane fractions using Western blot analysis. Blots were reprobed for cytochrome C oxidase (COX Ⅳ), a specific mitochondrial marker. Western blots of cytosolic fractions re-probed for actin to confirm equal protein loading; C
and D: Caspase-3 activity was assessed by measuring the DEVDase (caspase-3 like) activities in cell lysates using a fluorometric assay with a specific substrate. The
results are representative of at least 3 independent experiments. Values are normalized to control (C and D). Values are mean ± SE (n = 3), aP < 0.05 vs control.

Ellagic acid induces mitochondrial depolarization,
cytochrome C release, and caspase activation
in pancreatic cancer cells
To determine the signaling pathway mediating the
proapoptotic effect of ellagic acid, we measured the
effects of ellagic acid on mitochondrial membrane
potential (∆ym), cytochrome C release, and caspase-3
activity. Ellagic acid decreased ∆ym as measured by flow
cytometry using the potential-sensitive probe DiOC6
(3). Depolarization was already evident at 10 μmol/L,
and was very pronounced at 50 μ mol/L ellagic acid
(Figure 3A). Ellagic acid also dose-dependently
stimulated cytochrome C release, which manifests by its
decrease in mitochondria-enriched membrane fractions
and its increase in cytosolic fractions (Figure 3B). The
increased cytochrome C release was associated with
downstream activation of caspase-3 in MIA PaCa-2
(Figure 3C) and PANC-1 (Figure 3D) cells.
These data together indicate that ellagic acid induces
the mitochondrial pathway of apoptosis associated with
mitochondrial depolarization, cytochrome C release, and
downstream caspase activation.
Ellagic acid does not directly affect mitochondria
function in pancreatic cancer cells
To test the effect of ellagic acid on mitochondria we
isolated functional mitochondria from MIA PaCa-2 cells
www.wjgnet.com

and measured the effect of ellagic acid on mitochondria
respiration, membrane potential, and cytochrome C
release (Figure 4). The respiratory control ratio of
isolated mitochondria with succinate as a respiratory
substrate in all the experiments was greater than 4 in all
the experiments. Ellagic acid affected neither oxygen
consumption measured with Clark electrode (Figure 4A)
nor ∆ym measured with TPP+ electrode (Figure 4B).
The protonophore CCCP, which we used as a positive
control, depolarized mitochondria (Figure 4B). In
agreement with these results, ellagic acid did not increase
cytochrome C release from isolated mitochondria into
the incubation medium (Figure 4C).
We next assessed the possibility of ellagic acid’s effect
in permeabilized cells. For this purpose, MIA PaCa-2
cells were permeabilized with digitonin as described by
Ohno et al[20]. Ellagic acid did not induce any discernable
effect on the mitochondrial membrane potential in
digitonin-permeabilized cells as measured with TPP+
electrode (Figure 5B) or by using TMRM fluorescent dye
(Figure 5C). CCCP was applied to completely dissipate ∆
ym (Figure 5B and C). Similarly, ellagic acid did not have
any effect on mitochondrial respiration in permeabilized
cells (Figure 5A).
The results in Figures 4 and 5 indicate that ellagic
acid does not directly affect mitochondria functions in
pancreatic cancer cells.
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Figure 4 Ellagic acid does not directly affect the function of isolated
mitochondria. Mitochondria were isolated from MIA PaCa-2 cells cultured in
the absence of ellagic acid. A: Oxygen consumption was measured using
a Clark-type electrode connected to an oxygen meter; B: Mitochondrial
membrane potential (∆ym) was monitored in the presence of 2 µmol/L
tetraphenyl phosphonium (TPP+) using a TPP+-sensitive electrode connected
to an amplifier. Protonophore CCCP (10 μmol/L) was added to dissipate
∆ym; C: Cytochrome C levels were measured in the incubation medium and
the mitochondrial pellet by Western blot analysis. The results are representative
of 3 independent experiments.

Ellagic acid and NF-κB inhibition act through the same
mechanism to stimulate apoptosis
We hy p o t h e s i z e d t h a t e l l a g i c a c i d i n d u c e d t h e
mitochondrial pathway of apoptosis through blocking a
key upstream prosurvival mechanisms, namely NF-κB.
NF-κB is a key transcription factor, which is usually
activated and has anti-apoptotic role in cancer cells
including pancreatic cancer [4]. We found that ellagic
acid dose-dependently decreased NF- κ B binding
activity in both MIA PaCa-2 and PANC-1 cell lines
(Figure 6A).
We f u r t h e r s h o w e d t h a t a p h a r m a c o l o g i c
inhibitor of NF- κ B caffeic acid phenethyl ester
(CAPE) stimulated apoptosis in PaCa cells, and that
in the presence of CAPE there was no additional
stimulation of apoptosis by ellagic acid (50 μmol/L)
(Figure 6B). Further, transfection of MIA PaCa-2 cells
with 4KBwt-pRL-TK plasmid completely blocked
NF-κB transcriptional activity (Figure 6C), and at the
same time stimulated apoptosis as measured by DNA
fragmentation by > 5-fold (Figure 6D). The addition
of ellagic acid to the transfected cells did not further
increase DNA fragmentation (Figure 6D), confirming
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Figure 5 Ellagic acid does not directly affect mitochondria function
inpermeabilized MIA PaCa-2 cells. MIA PaCa-2 cells were permeabilized with
0.001% digitonin. A: Oxygen consumption was measured using a Clark-type
electrode connected to an oxygen meter; B: Changes in ∆ym were monitored
in the presence of 2 µmol/L tetraphenyl phosphonium (TPP+) using a TPP+sensitive electrode connected to an amplifier; C: Changes in ∆ym were
monitored using the ∆ym-sensitive fluorescent probe tetramethylrhodamine
methyl ester (TMRM); changes in the fluorescence intensities were measured
using the excitation at 543 nm and the emission at 578 nm. Protonophore
CCCP (10 µmol/L) was added to dissipate ∆ym.

that ellagic acid causes apoptosis through inhibition of
NF-κB.

DISCUSSION
Our study aimed to investigate the effect of ellagic acid
on cell death and proliferation of pancreatic cancer
cells and to determine the mechanism through which
ellagic acid affects cell survival. We used the poorly
differentiated MIA PaCa-2 and moderately differentiated
PANC-1 human pancreatic carcinoma cell lines, which
both display K-ras and p53 mutations characteristic of
pancreatic cancer.
We found that ellagic acid: (1) stimulated apoptosis
and inhibited proliferation of pancreatic cancer cells; (2)
activated the mitochondrial death pathway associated
with loss of ∆ym, cytochrome C release and caspase-3
activation without directly affecting the mitochondria; and
(3) inhibited NF-κB activity in pancreatic cancer cells.
Mechanisms through which ellagic acid inhibits
NF-κB remain to be investigated.
One mechanism through which NF- κ B inhibits
apoptosis is up-regulation of the anti-apoptotic Bcl-xL
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Figure 6 Ellagic acid decreases the activity of the transcription factor NF-κB. The effects of ellagic acid and pharmacological or molecular inhibition of NF-κB on
apoptosis are not additive. MIA PaCa-2 (A and B) cells were cultured for 48 h in the presence or absence of indicated doses of ellagic acid. MIA PaCa-2 cells were
transfected with 4KBwt-pRL-TK luciferase plasmid and pRL-TK luciferase as a control using the NucleofectorTM Ⅱ electroporation system(C and D). A: NF-κB binding
activity was measured as described in Experimental procedures; B and D: Internucleosomal DNA fragmentation was measured using the Cell Death Detection ELISA
kit; C: NF-κB transcriptional activity was assessed using the dual-Luciferase Reporter Assay System assay. Results are representative of at least 3 independent
experiments. Values are normalized to control (B and D). Values are mean ± SE (n = 3), aP < 0.05 vs control.
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Figure 7 Representative scheme of the proposed mechanism of induction
of apoptosis by ellagic acid.

protein. Bcl-xL, in turn, blocks mitochondrial permeabilization resulting in inhibition of cytochrome C release
as well as preventing mitochondrial depolarization[21-23].
Our data indicate that ellagic acid decreases NF- κ B
acivity, leading to activation of the mitochondrial proapoptotic pathway and resulting in cytochrome C release
and caspase activation. This scheme is depicted in Figure 7.
Our data indicate that ellagic acid inhibits
proliferation of pancreatic cancer cells, similar to that
in published data of other cells [21,24-28] . Ellagic acid
completely abolished proliferation at high concentration,
whereas it only increased apoptosis by 2.5-fold. The
contribution of necrosis might account for the decreased
proliferation.
Our results as well as the published data on the
www.wjgnet.com

potent inhibitory effect of ellagic acid on the vascular
endothelial g rowth factor receptor and plateletd e r ive d g r ow t h f a c t o r r e c e p t o r l e a d i n g t o t h e
inhibition of their signaling [29], indicate that ellagic
acid is a powerful phenolic compound with proapoptotic and anti-proliferation effects in cancer cells.
Understanding the mechanism of action of ellagic
acid will allow us to test the effect of the compound
alone or in combination with other compounds on
cancer growth and survival in an orthotopic model of
pancreatic cancer[30].
In summary, the present study shows that ellagic acid
induces apoptosis and decreases proliferation in pancreatic
cancer cells. This phenolic compound stimulates
mitochondrial depolarization, cytochrome C release and
caspase activation. Ellagic acid has no direct effect on
mitochondria. One mechanism by which it stimulates the
mitochondrial death pathway is through inhibiting the
transcription factor NF-κB, a major prosurvival factor in
pancreatic cancer cells. There is an increasing interest in
the use of natural products for cancer treatments. Our
results suggest a potential therapeutic role for ellagic acid
in the treatment of pancreatic cancer.
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Experimental treatment of pancreatic cancer with two
novel histone deacetylase inhibitors
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Joachim Mossner, Karel Caca, Marcus Wiedmann
CONCLUSION: Our findings suggest that NVP-LBH589
and NVP-LAQ824 are active against human pancreatic
cancer, although the precise mechanism of in vivo drug
action is not yet completely understood. Therefore,
further preclinical and clinical studies for the treatment
of pancreatic cancer are recommended.
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Abstract

INTRODUCTION

AIM: To investigate in vitro and in vivo treatment with
histone deacetylase inhibitors NVP-LAQ824 and NVPLBH589 in pancreatic cancer.
METHODS: Cell-growth inhibition by NVP-LAQ824 and
NVP-LBH589 was studied in vitro in 8 human pancreatic
cancer cell lines using the 3-(4,5-dimethylthiazole2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
In addition, the anti-tumoral effect of NVP-LBH589
was studied in a chimeric mouse model. Anti-tumoral
activity of the drugs was assessed by immunoblotting
for p21WAF-1, acH4, cell cycle analysis, TUNEL assay,
and immunohistochemistry for MIB-1.
RESULTS: In vitro treatment with both compounds
significantly suppressed the growth of all cancer
cell lines and was associated with hyperacetylation
of nucleosomal histone H4, increased expression of
p21 WAF-1, cell cycle arrest at G2/M-checkpoint, and
increased apoptosis. In vivo , NVP-LBH589 alone
significantly reduced tumor mass and potentiated the
efficacy of gemcitabine. Further analysis of the tumor
specimens revealed slightly increased apoptosis and no
significant reduction of cell proliferation.

Pancreatic cancer is the fifth to sixth leading cause of
cancer death in Europe and the fourth leading cause
of cancer death in the USA [1]. The lethality of this
malignancy is demonstrated by the fact that the annual
incidence is approximately equal to the annual deaths.
Unfortunately, carcinoma of the pancreas is increasing
in incidence, and its risk factors are poorly understood.
Although surgical resection remains the only chance
for cure, less than 10% of patients diagnosed with
pancreatic cancer are eligible for curative (R0) resection,
since up to 90% of patients will present with locally
advanced or metastatic disease. In addition, there is
a high rate of relapse, even in patients who receive
adjuvant therapy[2]. A recent evaluation of the Finnish
Cancer Registry, which recorded 4922 pancreatic cancer
patients between 1990 and 1996, detected only 89 five
year survivors (1.8%) [3]. Metastatic cancer tends to
be a rapidly progressing disease, often accompanied
by significant weight loss, abdominal pain, nausea,
and/or depression. For decades, 5-fluorouracil (5-FU)
was the most widely used chemotherapeutic agent in

© 2008 The WJG Press. All rights reserved.
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metastatic pancreatic cancer. Today gemcitabine, a
nucleoside analogue that is incorporated into replicating
DNA resulting in premature chain termination and
apoptosis, is the current standard of care [4] . In a
phase Ⅲ approval study 126 patients with metastatic
disease who had not received prior chemotherapy were
randomized to weekly gemcitabine (n = 63) or weekly
bolus 5-FU (n = 63) [5] . Overall survival in patients
treated with gemcitabine was significantly improved
compared with patients treated with 5-FU; However,
there was no convincing gain in median survival time
(median survival 5.7 mo vs 4.4 mo, P = 0.0025). The
primary efficacy measure in this study was clinical
benefit response, a composite of patient-oriented
parameters including pain, Karnofsky performance
status, daily analgesic usage, and body weight. Clinical
benefit was experienced in 23.8% of patients treated
with gemcitabine compared with only 4.5% of the
patients treated with 5-FU (P = 0.022). Fixed-doserate (FDR) gemcitabine (1500 mg/m 2 at 10 mg/m 2
per minute) has also been investigated by Tempero
et al in comparison to 2200 mg/m2 gemcitabine over
30 min[6]. Although median survival time improved from
5.0 mo in the standard arm to 8.0 mo in the FDR arm
(P = 0.013), grade 3 and 4 toxicity increased significantly.
Many combination regimens with gemcitabine have
been tested in open-label phase Ⅱ or Ⅲ studies with
higher response and progression-free survival rates, but
no definitive benefit in overall survival, with the only
exception being a combination with capecitabine[4,7]. As
little progress has been made in the past decade, new
strategies should focus on targeting cancer cells at the
molecular level. Recently, in a randomized phase Ⅲ
placebo-controlled trial, Moore et al demonstrated that
combining gemcitabine with EGFR inhibitor erlotinib
was associated with a modest, but statistically significant
survival benefit of 15 d[8]. In contrast, a recent phase
Ⅲ trial (SWOG S0205 study) failed to demonstrate
a clinically significant advantage of the addition of
cetuximab, an anti-EGFR monoclonal antibody, to
gemcitabine for overall sur vival, progression free
survival and response[9]. Another approach is targeting
VEGF as a key player in tumor growth and resistance
to therapy. In a phase Ⅱ trial with 52 patients, a
combination of VEGF inhibitor bevacizumab and
g emcitabine yielded a 21% response rate and a
median survival of 8.8 mo[10]. These data led CALGB
to conduct a randomized, double-blind, placebocontrolled, phase Ⅲ trial (CALGB 80303). However,
the addition of bevacizumab to gemcitabine did not
improve survival [11]. Inhibiting histone deacetylases
(HDACs), which regulate interactions between histones
and DNA together with histone acetylases (HATs) as
counter-players, may be another promising molecular
target. Clinical studies published so far have shown that
HDAC inhibitors (HDACIs) can be administered safely
in humans and that treatment of some cancers with
such agents seems to be beneficial[12,13]. NVP-LAQ824
and NVP-LBH589 are new chemical entities belonging
to a structurally novel class of cinnamic hydroxamic
www.wjgnet.com
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acid compounds[14-17], which are currently in phase Ⅰ
clinical evaluation in advanced refractory solid tumors
and hematologic malignancies [18-22] . However, little
is known about their potential efficacy in pancreatic
cancer. Therefore, the objectives of the current study
were to investigate the efficacy of in vitro and in vivo
treatment with the novel pan-HDAC inhibitors NVPLAQ824 and NVP-LBH589 and to evaluate effects of
combination with gemcitabine.

MATERIALS AND METHODS
Materials
Eight human pancreatic cancer cell lines (Hs766T,
As-PC-1, CFPAC-1, Capan-2, Panc-1, MiaPaca-2,
HPAF-2 and L3.6pl) were examined [23-27] . All cell
lines were cultured in a 37℃ incubator with 50-100
mL/L CO 2 in appropriate media. T he HDACIs
NVP-LAQ824 and NVP-LBH589 were provided by
Novartis (Basel, Switzerland) and dissolved in dimethyl
sulfoxide (DMSO) (10 mmol/L stock). Hoechst
dye, sodium butyrate and monoclonal (mc) β -actin
antibody were purchased from Sigma (Sigma-Aldrich
Chemie GmbH Munich, Germany), mc p21 WAF-1/Cip-1
from Cell Signaling (Cell Signaling Technology, Beverly,
USA), mc acH4 antibody from Upstate (Upstate
Biotechnology, Lake Placid, USA), mc MIB-1 antibody
from Dako (Glostrub, Denmark), and gemcitabine
(diluted in D5W and 50 mL/L DMSO) from our
hospital pharmacy. Six to eight-wk-old female athymic
NMRI nude mice were supplied by Taconic (Taconic
Europe, Ry, Denmark) and held under pathogen-free
conditions. Humane care was administered, and study
protocols complied with the institutional guidelines.
Inhibition of cell growth
Cytotoxic effects of both drugs were determined by the
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, Sigma-Aldrich Chemie GmbH Munich,
Germany) assay. 1-5 × 103 cells were seeded in triplicate
in 96-well plates (100 µL/well) and allowed to attach
overnight. The medium was then replaced with media
(100 µ L) containing the designated drug or vehicle
control (50 mL/L DMSO in D5W) followed by an
incubation for 3 or 6 d. For the 6 d experiment, medium
was changed after 3 d. Three hours before the end
of the incubation period, 10 µ L of PBS containing
MTT (5 g/L) was added to each well. Following this,
the medium was removed. The precipitate was then
resuspended in 100 µL of lysis buffer (DMSO, 100 g/L
SDS). Absorbance was measured on a plate reader at
590 nm using a reference wavelength of 630 nm. Each
experiment was performed in triplicate.
Immunoblotting
Cell culture monolayers were washed twice with icecold PBS and lysed with RIPA-buffer containing TrisHCl (50 mmol/L, pH 7.4), NP-40 (10 g/L), sodiumdesoxycholate (2.5 g/L), NaCl (150 mmol/L), EDTA
(1 mmol/L), sodium-orthovanadate (1 mmol/L), and
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one tablet of complete mini-EDTA-free protease
inhibitor cocktail (Boehringer, Mannheim, Germany, in
10 mL buffer). Histones for anti-acH4 immunoblotting
were isolated by acid extraction [cells were lysed in icecold lysis buffer (HEPES 10 mmol/L; pH 7.9), MgCl2
(1.5 mmol/L), KCl (10 mmol/L), DTT (0.5 mmol/L),
PMSF (1.5 mmol/L), and additional protease inhibitor].
One molar HCl was added to a final concentration
of 0.2 mol/L, followed by an incubation on ice for
30 min and centrifugation at 13 000 r/min for 10 min.
The supernatant was retained and dialysed against
200 mL of 0.2 mol/L acetic acid twice for 1 h and
against 200 mL H2O overnight). Proteins were quantified
by Bradford protein assay (Bio-Rad, Munich, Germany)
and stored at -80℃. 50 μg of cell or tissue lysates were
separated on SDS-polyacrylamide gels and electroblotted
onto polyvinylidene difluoride membranes (Amersham
Pharmacia Biotech, Freiburg, Germany). Membranes
were then incubated in blocking solution [50 g/L dry
milk in 10 mmol/L Tris-HCl, 140 mmol/L NaCl,
1 g/L Tween-20 (TBS-T)], followed by incubation with
the primary antibody at 4℃ overnight (50 g/L BSA in
TBS-T). The membranes were then washed in TBS-T
and incubated with horseradish peroxidase (HRPO)conjugated secondary antibodies for 1 h at room
temperature. Antibody detection was performed with
an enhanced chemoluminescence reaction (SuperSignal
West Dura, Pierce, Rockford, USA).
Cell cycle analysis
Cells were seeded in T-25 flasks (2 × 105), treated with
various concentrations of NVP-LAQ824 or NVPLBH589 or vehicle control (50 mL/L DMSO in D5W)
for 72 h, washed with PBS, trypsinized, centrifuged,
and fixed in 750 mL/L ice-cold ethanol-phosphatebuffered saline containing 10 g/L EDTA. DNA was
labeled with 100 mL/L propidium iodide. Cells were
sorted by FACScan analysis, and cell cycle profiles were
determined using ModFitLT V2.0 software (Becton
Dickinson, San Diego, USA). Each experiment was
performed in triplicate.
Animal studies
Tumors were induced by injecting 5 × 10 6 HPAF-2
or L3.6pl cells in 200 μL PBS sc into the flank region
of NMRI nude mice. Treatment was started when
an average tumor volume of 150 mm³ was reached
(usually after 2 wk). The verum groups received either
NVP-LBH589 (25 mg/kg, 5 × weekly) or gemcitabine
(5 mg/kg, 1 × weekly) or a combination of both (NVPLBH589 at 25 mg/kg, 5 × weekly plus gemcitabine at
5 mg/kg, 1 × weekly) ip, whereas the control group
received placebo (carrier solution 50 mL/L DMSO in
D5W) only. Treatment was continued for 28 consecutive
days, tumors were measured daily with a Vernier caliper and
tumor volumes were calculated using the formula tumor
volume = 0.5 × L × W², where L represents the length and
W the width of the tumor. When treatment was finished,
animals were sacrificed and tumors excised and weighed.
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TUNEL POD test
Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (in situ cell death detection kit, POD)
was used to detect apoptosis in paraffin sections from
mouse tumor tissue. TUNEL was carried out following
the manufacturer’s instructions (Roche, Penzberg,
Germany) as previously described[28]. Apoptotic cells (red)
were counted under a light microscope after fluorescence
signal conversion using peroxidase-conjugated antibody
and peroxidase substrate (DAB, Roche, Penzberg,
Germany). The number of positive cells was counted by
an experienced pathologist (M.N.) in a total of 8 high
power fields (HPFs) and expressed as mean percentage
of total cells in these fields of the tumor. Necrotic
tumor cells were excluded from the cell count.
Immunohistochemical staining
For MIB-1 staining, we used paraffin sections following
a protocol that has been described elsewhere[29]. The
number of positive cells was counted by an experienced
pathologist (M.N.) in a total of 4 HPFs and expressed as
mean percentage of total cells in these fields of the tumor.
Statistical analysis
Statistical calculations were performed using SPSS,
version 10.0 (SPSS Inc., Chicago, USA). Numeric data
were presented as mean value with SD or SEM. Intergroup comparisons were performed with the Student
t-test and ANOVA. P < 0.05 was considered significant.

RESULTS
Inhibition of cell growth
After 3 d of incubation, 7 of 8 tested cell lines were
sensitive to NVP-LAQ824 (mean IC50 (3 d) = 0.18 ±
0.24 µmol/L) and even more to NVP-LBH589 (mean
IC50 (3 d) = 0.09 ± 0.14 μmol/L). Only cell line Capan-2
demonstrated an IC 50 (3 d) value > 1 μ mol/L for
both compounds. Inhibition of cell growth was more
pronounced if incubation time was extended to 6 d with
a mean IC 50 value of 0.06 ± 0.07 μ mol/L for NVPLAQ824 and 0.03 ± 0.02 μmol/L for NVP-LBH589.
After 6 d of incubation, cell line Capan-2 also became
responsive (Figure 1 and Table 1). In addition, DMSO
alone (the solvent for NVP-LAQ824 and NVP-LBH589)
had no influence on cell growth (data not shown).
Immunoblotting
Treatment of cell lines HPAF-2 and L3.6pl with
0.1 μ mol/L NVP-LAQ824 or 0.1 μ mol/L NVPLBH589 for 24 h resulted in acetylation of histone
H4 (Figure 2A and B). The same treatment caused an
induction of p21WAF-1/CIP-1 expression (Figure 2C and D).
A dose increase to 0.2 μmol/L NVP-LAQ824 or NVPLBH589 corresponded with an increase in histone
H4 acetylation and p21 WAF-1/CIP-1 levels. Histone H4
acetylation was higher in treated HPAF-2 than L3.6pl
cells, whereas p21WAF-1/CIP-1 expression was slightly higher
in treated L3.6pl cells.
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Figure 1 In vitro treatment of pancreatic cancer with NVP-LAQ824 and NVP-LBH589 (MTT assay). A: 3-d incubation with NVP-LAQ824 (n = 3); B: 6-d incubation
with NVP-LAQ824 (n = 3); C: 3-d incubation with NVP-LBH589 (n = 3); D: 6-d incubation with NVP-LBH589 (n = 3).

Table 1 Inhibition of cell growth by NVP-LAQ824 and
NVP-LBH589
Cell line

IC50 (μmol/L)
NVP-LAQ824

MiaPaca-2
As-PC-1
Panc-1
Hs766T
CFPAC-1
HPAF-2
L3.6pl
Capan-2

NVP-LAQ589

3d

6d

3d

6d

0.03
0.05
0.70
0.02
0.25
0.16
0.05
>1

0.01
0.02
0.04
0.01
0.04
0.12
0.02
0.19

0.01
0.02
0.40
0.01
0.09
0.07
0.03
>1

0.01
0.01
0.02
0.01
0.02
0.06
0.04
0.05

Cell cycle analysis
Treatment of cell lines HPAF-2 and L3.6pl with
0.1 μ mol/L NVP-LAQ824 or NVP-LBH589 for 72
h resulted in G2/M arrest. This arrest was, in general,
more pronounced if the dose of NVP-LAQ824 or NVPLBH589 was increased to 0.2 µmol/L. Percentual G2/M
arrest was lower for 0.2 µmol/L than 0.1 μmol/L only
for the treatment of HPAF-2 cells with NVP-LBH589.
This phenomenon may derive from the fact, that at
www.wjgnet.com

the same time the sub-G1-peak was much higher for
0.2 µmol/L. For both concentrations, the effect of NVPLBH589 was stronger than the effect of NVP-LAQ824
with the aforementioned exception of 0.2 µ mol/L
NVP-LBH589 in HPAF-2 cells (Figure 3). In addition,
incubation with NVP-LAQ824 or NVP-LBH589 for
72 h resulted in a dose-dependent significant increase in
the sub-G1-peak, which was higher for NVP-LBH589
than NVP-LAQ824 and higher in L3.6pl than in HPAF-2
cells. This result correlated well with the fact that IC50
values in the cell growth inhibition experiment (Figure 1)
were lower for L3.6pl in comparison to HPAF-2 cells.
Chimeric mouse model
Tumors were induced in nude mice by subcutaneous
injection of HPAF-2 and L3.6pl cells. These cell
lines were selected because they had the best growth
capability in our nude mice in a pilot study. Treatment
of mice consisted of ip injections with NVP-LBH589,
gemcitabine, NVP-LBH589 plus gemcitabine (COMBO)
or placebo (50 mL/L DMSO in D5W). Three days
after commencement of NVP-LBH589 or COMBO
treatment, HPAF-2 cell tumors showed a signifi-
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Figure 2 Mechanism of drug action after in vitro treatment with NVP-LAQ824 and NVP-LBH589 for 24 h. A and B: Acetylation of histone H4. Protein extracts from
HELA cells that were treated with 5 mmol/L sodium butyrate served as positive controls; C and D: p21WAF-1/CIP-1 expression. Cell lysate from HCT 116 colon cancer cells
served as positive control; A-D: Staining with b-actin antibody confirmed equal protein loading.
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Figure 3 Cell cycle analysis. A: Treatment of cell line HPAF-2 with 0.1 or 0.2 µmol/L NVP-LAQ824 for 72 h (n = 3); B: Treatment of cell line HPAF-2 with 0.1 or 0.2 µmol/L
NVP-LBH589 for 72 h (n = 3); C: Treatment of cell line L3.6pl with 0.1 or 0.2 µmol/L NVP-LAQ824 for 72 h (n = 3); D: Treatment of cell line L3.6pl with 0.1 or 0.2 µmol/L
NVP-LBH589 for 72 h (n = 3).

cantly reduced volume in comparison to control (n = 7
for each group, P < 0.05). Treatment of mice with
gemcitabine alone resulted in a significant reduction
of tumor volume compared to control after 4 d from
commencement of treatment. These differences were
maintained until the end of the experiment. COMBO
therapy was significantly more efficient than gemcitabine
treatment alone on treatment day 7, 8, 13, 14, 15, and 16
and was significantly more efficient than NVP-LBH589
therapy alone on treatment day 7 and 14 (P < 0.05,

Figure 4A). Treatment of L3.6pl tumors with NVPLBH589 or COMBO resulted in a significantly reduced
volume in comparison to control after 4 d (P < 0.05)
and 3 d (P < 0.05) from commencement of therapy,
respectively (n = 7 for each group). These differences
were also maintained until the end of the experiment.
Treatment of mice with gemcitabine alone resulted
in a significant reduction of tumor volume compared
to control at treatment day 12, 13, 16, 17, and 18
(P < 0.05). COMBO therapy was significantly more
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efficient than gemcitabine treatment alone on treatment
day 3-20 and was significantly more efficient than NVPLBH589 therapy alone on treatment day 3 (P < 0.05).
NVP-LBH589 therapy was significantly more efficient
than gemcitabine treatment alone on treatment day 5-20
(P < 0.05, Figure 4B). At the end of the experiment
after 30 d, tumor mass in HPAF-2 cells bearing mice
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Figure 4 In vivo treatment with NVP-LBH589 + gemcitabine in chimeric mice.
A: Effect on tumor volume of HPAF-2 cells; B: Effect on tumor volume of L3.6pl
cells; C: Effect on tumor mass (aP < 0.05, COMBO vs control; bP < 0.01, NVPLBH589 or COMBO vs control).

was significantly diminished as compared to placebo
after treatment with COMBO (-63%, P < 0.05). In
contrast, treatment of mice with gemcitabine (-24%, P
= 0.45) or NVP-LBH589 alone (-58%, P = 0.056) did
not result in any significant reduction of tumor mass
as compared to control (Figure 4C). L3.6pl cell tumor
mass in mice was significantly diminished after treatment
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Figure 5 Hematoxylin-eosin (HE), MIB-1 (proliferation marker) and TUNEL (apoptosis marker) staining of mouse tumors (SABC, x 40). A: Cell line HPAF-2; B: Cell
line L3.6pl.

with either NVP-LBH589 (-70%, P < 0.01) or COMBO (-81%, P < 0.01), but not with gemcitabine (-24%, P = 0.28),
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Table 2 MIB-1- and TUNEL-staining of mouse tumor
specimens
Mean in %
CTRL
GEM
LBH
COMBO

HPAF-2

L3.6pl

MIB-1

Apoptosis

MIB-1

Apoptosis

67.5
66.3
51.3
55.0

1.3
2.5
3.8
3.8

61.3
70
76.3
78.8

0
0
6.3
3.8

respectively. In addition, the combination of NVPLBH589 with gemcitabine was more effective at tumor
mass reduction in comparison to gemcitabine alone
(P < 0.05). The L3.6pl animal experiment was stopped
at day 21 for ethical reasons, since animals suffered
from tumor burden. Regarding side effects of the
different drugs used in HPAF-2 cell tumor bearing mice,
weight loss was 2%, 0%, 13%, and 6%, in the control,
gemcitabine, NVP-LBH589, and COMBO groups.
There was a statistically significant difference between
the control and NVP-LBH589 group (P < 0.05) and
between the gemcitabine and NVP-LBH589 group
(P < 0.01). Concerning side effects of the different
drugs used in L3.6pl cell tumor bearing mice, weight
loss was 23%, 17%, 12%, and 25%, in the control,
gemcitabine, NVP-LBH589, and COMBO groups.
There was a statistically significant difference between
the control and NVP-LBH589 group (P < 0.05).
In order to assess the anti-tumoral drug mechanism,
paraffin sections of mouse tumors were stained with
hematoxylin-eosin (H&E), MIB-1 (proliferation marker)
and TUNEL (apoptosis marker) (Figure 5). Treatment
with NVP-LBH589 and COMBO slightly reduced
proliferation (reduced MIB-1 staining) and slightly
induced apoptosis (increased TUNEL-staining) in
HPAF-2 cell bearing mice, whereas proliferation was not
decreased and apoptosis only slightly increased in L3.6pl
cell bearing mice (Table 2).

DISCUSSION
Analyzing palliative treatment data, a novel approach
for patients with metastatic pancreatic cancer is urgently
required. Targeting HDACs may be a new option for
this tumor entity. Preliminary studies have demonstrated
in vitro activity of HDACIs in pancreatic cancer cell
lines. Natoni et al[30] showed that treatment with sodium
butyrate, a carboxyl acid class inhibitor of HDACs,
resulted in marked down-regulation of anti-apototic
Bcl-xL protein expression, mitochondrial membrane
depolarization, cytochrome c release from mitochondria,
activation of caspase-9 and -3, and apoptosis induction.
Garcia-Morales et al [31] reported HDACIs induced
apoptosis in the pancreatic cancer cell lines IMIM-PC-1,
IMIM-PC-2, and RWP-1 that are normally resistant to
other antineoplastic drugs. This finding was previously
observed by Sato et al[32] for five normally chemotherapyresistant cell lines when treated with FR901228, a cyclic
peptide HDACI belonging to the depsipeptides class.
Recently, another class of HDACIs, the hydroxamic
www.wjgnet.com
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acids, with representatives such as trichostatin A
(TSA), suberoylanilide hydroxamic acid (vorinostat,
SAHA), azelaic bis-hydroxamic acid (ABHA), scriptaid,
oxamflatin, pyroxamide, m-carboxycinnamic acid bishydroxamide (CBHA), and the recently developed NVPLAQ824, NVP-LBH589, and PXD101 have become
the focus for further research, including pancreatic
cancer. Gahr et al [33] used HDACI trichostatin A for
in vitro treatment of pancreatic carcinoma cell lines
YAP C and DAN G. They described an apoptosis rate
of 71% and 66% after 72 h using a drug concentration
of 1 μ mol/L. Moore et al [34] tested trichostatin A in
PaCa44 cells using microarrays containing 22 283 probe
sets. One prominent feature was the increased ratio
between the levels of expression of pro-apoptotic
(BIM) and anti-apoptotic (Bcl-xL and Bcl-W) genes. In
addition, Cecconi et al[35] reported for the same cell line
PaCa44 that trichostatin A caused cell cycle arrest at the
G2 phase and induced apoptotic cell death. Another
hydroxamic acid, SAHA, induced growth inhibition
in three pancreatic cell lines BxPC3, COLO-357, and
PANC-1 by upregulating p21 and sequestering it in the
cytoplasm[36]. In our current study, we investigated the
two novel cinnamic hydroxamic acid compounds NVPLAQ824 and NVP-LBH589 for
treatment of 8
different human pancreatic cancer cell lines. Cell-growth
inhibition by NVP-LAQ824 and NVP-LBH589 was
studied by MTT assay. Treatment with both compounds
significantly suppressed the growth of 7 cancer cell lines
after 3 d of incubation and all cancer cell lines after 6 d
of incubation. We hypothezise that the lack of response
of Capan-2 cells after 3 d of treatment may be based
on the status of the tumor suppressor p53. A genetic
profile of 10 different human pancreatic cancer cell lines
(6 of the 8 cell lines used in our experiment being
amongst them) created by a group from John Hopkins
University (http://patholog y2.jhu.edu/pancreas/
geneticsweb/ profiles.htm) discovered p53 mutations
in almost all cell lines, but not in Capan-2 cells. On
the other hand, it has been shown that acetylation
and deacetylation of p53 is likely to be part of the
mechanism that controls its physiological activity.
Whereas HDACs are capable of downregulating p53
function, HDAC inhibition can cause the opposite
effect [37] . Interestingly, it has also been shown that
HDAC inhibitors, such as FR901228 and trichostatin
A, completely deplete mutant p53 in cancer cell
lines and restore p53-like functions, which is highly
toxic to cell lines with mutant p53 [38] . Donadelli
et al confir med this finding in p53 gene mutated
pancreatic cancer cell lines which were treated with
trichostatin A. The compound induced G2 phase arrest
and apoptotic cell death by activation of p21waf1, which is
normally induced by p53[39].
In previous in vitro studies, NVP-LAQ824 exhibited
potent anti-proliferative activity against colon carcinoma
(I C 50 = 0.01 μ m o l / L), a n d b i l i a r y tr a ct cancer
(IC50 = 0.11 μmol/L) as well as against non-small cell
lung carcinoma (IC50 = 0.15 μmol/L), prostate cancer
(IC50 = 0.018-0.023 μmol/L), head and neck squamous
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carcinoma (IC50 = 0.04-0.34 μmol/L), and human breast
adenocarcinoma cells (IC50 = 0.03-0.039 μmol/L) after
72 h of exposure[16,40-42]. The in vitro effects of NVPLAQ824 on hematologic malignancies have been
examined in several human cell lines with a death rate
of more than 90% following 48 h of drug incubation,
with exposures as low as 0.1 μmol/L[43-45]. Our second
compound NVP-LBH589, was even more effective
in vitro for the treatment of human chronic myeloid
leukemia blast crisis K562 and LAMA-84, multiple
myeloma, and acute leukemia MV4-11 cells[15,46-48].
The in vitro anti-tumoral drug mechanism in our study
was assessed by immunoblotting for acH4 (surrogate
marker for histone acetylation) p21WAF-1/CIP-1, and cell
cycle analysis. Treatment with both compounds was
associated with hyperacetylation of nucleosomal histone
H4, increased expression of p21 WAF-1/CIP-1, cell cycle
arrest at G2/M-checkpoint, and significant induction
of apoptosis (increased sub-G1-peak). Therefore, our
results are very consistent with the in vitro results of
the aforementioned studies by Natoni et al[30], GarciaMorales et al [31], Sato et al [32], Gahr et al [33], Donadelli
et al[39], Cecconi et al[35], and Arnold et al[36].
Encouraged by our in vitro results, we decided to
test the most effective drug NVP-LBH589 in vivo in
comparison to placebo using the chimeric mouse model.
The NVP-LBH589 dose of 25 mg/kg (5 d/wk) was
selected according to a study testing different iv doses
of NVP-LAQ824 between 5 and 100 mg/kg (5 d/wk)
in a similar chimeric mouse model using the human
colon cancer cell line HCT 116[16]. In vivo data for NVPLBH589 using human prostate carcinoma cell PC-3
xenografts became available only after completion of
our study, and showed tumor reduction at a dose of 10
mg/kg per day[49]. In our experiments, NVP-LBH589
significantly reduced tumor mass in comparison to
placebo and potentiated the efficacy of gemcitabine.
In accordance with our observations, Gahr et al [33]
and Piacentini et al[50] showed that a combination with
gemcitabine potentiated the in vitro effects of trichostatin
A in pancreatic cancer cells, demonstrating a synergistic
effect between both agents. This phenomenon has
been shown for in vitro cotreatment with SAHA, too,
where the compound rendered pancreatic cancer cells
sensitive to the inhibitory and proapoptotic effects
of gemcitabine [36]. In human breast cancer cell lines
SKBR-3 and BT-474, NVP-LAQ824 also enhanced
gemcitabine-induced apoptosis in vitro[41]. For head and
neck squamous carcinoma cells, the combination of
NVP-LAQ824 with gemcitabine was more effective
in vitro than a combination with docetaxel, paclitaxel, or
cisplatin, especially when the cytotoxic agent was used
first for 24 h followed by 48 h of NVP-LAQ824 [40].
Unfortunately, in the first recently published randomized,
double-blind, placebo-controlled multicenter-phase
Ⅱ trial, gemcitabine plus benzamide HDACI CI-994
(N-acetyldinaline) showed no advantage over gemcitabine alone in patients with advanced pancreatic
cancer[51]. In this study, a total of 174 patients received
combination therapy (CI-994, 6 mg/m2 per day, day 1-21
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plus gemcitabine, 1000 mg/m2, day 1, 8 and 15 each
28-d cycle) or placebo plus gemcitabine (1000 mg/m2,
day 1, 8 and 15 each 28-d cycle). Median survival was
194 d (combination therapy) vs 214 d (gemcitabine)
(P = 0.908). The objective response rate was 12% vs 14%
when investigator-assessed and 1% vs 6%, respectively,
when assessed centrally. Time to treatment failure did
not differ between the two arms (P = 0.304). Quality
of life scores at 2 mo were worse with the combination
than with gemcitabine alone. Pain response rates were
similar between the two groups. There was an increased
incidence of neutropenia and thrombocytopenia
with combination therapy. However, it is currently
unknown whether these clinical observations are also
true for the hydroxamic acids class of HDACIs. In
addition, recent in vitro and in vivo data have shown
synergistic effects of trichostatin A in combination
with DNA methyltransferase inhibitors azacytidine[52,53]
and zebularine[54] and proteasome inhibitor PS-341[55],
suggesting alternative combination partners for HDACIs.
Whereas upregulation of tumor suppressors DUSP6[52]
and MUC 2 [53] is the proposed mechanism for the
additional effect of DNA methyltransferase inhibitors, it
is inactivation of NFkappaB signalling, downregulation
of anti-apoptotic Bcl-xL and disruption of MAP kinase
pathway for combination with the proteasome inhibitor
PS-341[55].
Regarding side effects of the different drugs used in
our studies, there was no significant additional weight
loss in the COMBO group as compared to placebo.
Moreover, NVP-LBH589 alone only induced additional
weight loss in the HPAF-2 cell experiment. Weight
loss in general was apparently more pronounced in
the L3.6pl than in the HPAF-2 cell experiment. This
may be due to the fact that L3.6pl cells are a selected
variant of COLO-357 cells with increased metastatic
potential [24,56,57]. Regarding other studies, weight loss
of animals was not previously reported for NVPLAQ824[16], but for NVP-LBH589[42].
In order to assess in vivo anti-tumoral dr ug
mechanisms, paraffin sections of mouse tumors were
stained with hematoxylin-eosin (H&E), MIB-1 (proliferation marker) and TUNEL (apoptosis marker).
Treatment with NVP-LBH589 and COMBO slightly
reduced proliferation (reduced MIB-1 staining) and
slightly induced apoptosis (increased TUNEL-staining)
in HPAF-2 cell bearing mice, whereas proliferation was
not decreased and apoptosis only slightly increased in
L3.6pl cell bearing mice. Surprisingly, the calculated
numbers were much smaller than expected from the
in vitro experiments. This might be derived from the
fact that other pathways, like inhibition of angiogenesis,
which we were unable to study in our model due to
insufficient tissue quality, may be more important for
NVP-LBH589 action in the in vivo setting.
Our findings suggest that NVP-LBH589 and NVPLAQ824 are active against human pancreatic cancer
cells in vitro, mainly by inhibition of proliferation and
induction of apoptosis. NVP-LBH589 is also active in
the in vivo setting, although the precise mechanism of
www.wjgnet.com

3690

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

drug action is not yet completely understood. Therefore,
a clinical study testing NVP-LBH589 for the treatment
of pancreaticobiliary cancer has just been initiated at our
department.
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COMMENTS
Background

Pancreatic adenocarcinoma is essentially an incurable disease, with mortality
closely approaching incidence. Single agent gemcitabine is currently considered
the standard of care for the treatment of inoperable pancreatic cancer, providing
a small but sizable benefit in survival and palliation of symptoms.

Research frontiers

In the past ten years, several molecular-targeting agents have been introduced
in the clinical setting. Despite promising results in phase Ⅱ studies, randomized
clinical trials exploring the new compounds, such as matrix-metalloproteaseinhibitors (MMPI), farnesyl transferase inhibitors (FTI), signal transduction
inhibitors, and angiogenesis inhibitors, either alone or in combination with
gemcitabine have been largely disappointing. Polo-like kinase 1 (PLK-1), death
receptor 5 (DR5), and histondeacetylase (HDAC) inhibitors are currently under
clinical evaluation as new treatment options.

6

7

8

Innovations and breakthroughs

In 2003, fixed-dose-rate (FDR) gemcitabine (1500 mg/m2 at 10 mg/m2 per
minute) improved median survival time from 5.0 mo in the standard arm to
8.0 mo in a randomized study; However, grade 3 and 4 toxicity increased
significantly. In 2005, investigators of a phase Ⅲ study found that the
gemcitabine-capecitabine combination significantly improved overall survival
over gemcitabine alone (hazard ratio 0.80; 95% CI 0.65-0.98; P = 0.026).
Recently, a randomized phase Ⅲ placebo-controlled trial demonstrated that
combining gemcitabine with EGFR inhibitor erlotinib was associated with a
modest, but statistically significant survival benefit of 15 d.

Applications

The aim of our study was to investigate in vitro and in vivo treatment with the
histone deacetylase inhibitors NVP-LAQ824 and NVP-LBH589 in pancreatic
cancer. Our findings suggested that NVP-LBH589 and NVP-LAQ824 are
active against human pancreatic cancer in vitro. In addition, NVP-LBH589
demonstrated significant in vivo activity and potentiated the efficacy of
gemcitabine.

Terminology

Histones (positively charged proteins) are the major components of chromatin.
Histone acetylation and deacetylation modulate chromosome structure and
regulate gene transcription. Two families of enzymes, histone acetyltransferases
(HATs) and histone deacetylases (HDACs), activate and repress gene
expression, respectively. Aberrant HAT or HDAC activity is associated with
various epithelial and hematologic cancers. HDACs may play an important role
in human oncogenesis through HDAC-mediated gene silencing and interaction
of HDACs with proteins involved in tumorigenesis. HDAC inhibition could
potentially restore normal processes in transformed cells without affecting
normal cells.

Peer review

This paper addresses the use of histone deacetylase inhibitors in the treatment
of pancreatic cancer in vitro and in vivo. It represents an important experimental
assessment of novel agents in the treatment of a cancer for which effective
therapy is currently lacking. It’s a very interesting paper.
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Abstract
AIM: To evaluate the protective effect of 2'-p-hydroxy
benzoylmussaenosidic acid [negundoside (NG), against
carbon tetrachloride (CCl4)-induced toxicity in HuH-7
cells.
METHODS: CCl4 is a well characterized hepatotoxin,
and inducer of cytochrome P450 2E1 (CYP2E1)-mediated
oxidative stress. In addition, lipid peroxidation and
accumulation of intracellular calcium are important
steps in the pathway involved in CCl4 toxicity. Liver cells
(HuH-7) were treated with CCl4, and the mechanism of
the cytoprotective effect of NG was assessed. Silymarin,
a known hepatoprotective drug, was used as control.
RESULTS: NG protected HuH-7 cells against CCl 4
toxicity and loss of viability without modulating CYP2E1
activity. Prevention of CCl4 toxicity was associated with a
reduction in oxidative damage as reflected by decreased
generation of reactive oxygen species (ROS), a decrease
in lipid peroxidation and accumulation of intracellular
Ca2+ levels and maintenance of intracellular glutathione
homeostasis. Decreased mitochondrial membrane

potential (MMP), induction of caspases mediated DNA
fragmentation and cell cycle arrest, as a result of CCl4
treatment, were also blocked by NG. The protection
afforded by NG seemed to be mediated by activation of
cyclic adenosine monophosphate (cAMP) synthesis and
inhibition of phospholipases (cPLA2).
CONCLUSION: NG exerts a protective effect on
CYP2E1-dependent CCl4 toxicity via inhibition of lipid
peroxidation, followed by an improved intracellular
calcium homeostasis and inhibition of Ca2+-dependent
proteases.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Natural products from plant sources have extensive past
and present use in treatment of diverse diseases and
serve as compounds of interest both in their natural
form and as templates for synthetic modification. The
importance of natural products in modern medicine
has been well recognized. More than 20 new drugs,
launched world over between 2000 and 2005, originate
from natural products. Scrutiny of medical indications
by source of compounds has demonstrated that natural
products and related drugs are used to treat 87% of
all categorized human diseases (infectious and nonwww.wjgnet.com
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infectious)[1].
Vitex negundo (verbenaceae) is an important source
of such natural drugs. It is a reputed medicinal herb
and its parts have been employed as a traditional
cure in Asian systems of medicine (Indian, Chinese,
Malaysian) for a variety of disease conditions. A number
of pharmacological activities have been attributed to
V. negundo, such as: analgesic and anti-inflammatory
activity[2], enzymes inhibition[3], nitric oxide scavenging
activity [4] , snake venom neutralization activity [5] ,
antifeeding activity[6], antiradical and antilipoperoxidative[7],
CNS activity [8] , hepatoprotective activity [9] , antibacterial activity[10], anti-fungal[11], larvicidal activity [12],
antiandrogenic effects[13], mosquito repellent activity[14].
In the recent past, some of our work and work
as reported by others on botanical products from
V. negundo have shown a promising hepatoprotective
activity [9,15]. This activity has been evaluated against
various hepatotoxic agents including carbon tetrachloride
(CCl 4 ). CCl 4 is a well established and widely used
hepatotoxin and the principle cause of CCl4-induced
liver injury is proposed to be lipid peroxidation by free
radical derivatives of CCl4. CCl4 is activated by NADHCYP 450 2E1 system of the liver endoplasmic reticulum
and converted into trimethyl CCl3 radicals (via reductive
dehalogenation) and, under aerobic conditions, in the
more reactive trichloromethyl peroxy radical CCl3OO*.
Formation of the radicals CCl3* and CCl3OO* causes
oxidative stress. The CYP 2E1-mediated metabolism
results in generation of reactive oxygen species, which
further contributes to the development of cellular
injury[16]. Also, considerable evidence suggests that CCl4
modifies the expression levels of several pro-apoptotic
and anti-apoptotic growth factors and receptors [17]
especially during chronic administration. CCl4 has been
shown to be a carcinogen and has been classified as
a group 2B carcinogen by inducing gene conversion,
homozygosity and intra-chromosomal recombinations[18].
It was, therefore, our interest to investigate, in-depth,
the mechanism of modulation of CCl4-induced toxic
manifestations with 2'-p-hydroxybenzoylmussaenosidic
acid [negundoside (NG)] (a purified irridoid glycoside
from leaves of Vitex negundo), particularly inhibition of
downstream CYP 2E1 cascade of pro-apoptotic events
with reference to the following: (1) role of CYP 450
2E1 activation on calcium-mediated oxidative stress; (2)
involvement of calcium in phospholipase A2 (PLA2)
and cyclic adenosine monophosphate (cAMP) regulation;
(3) effect of activated cPLA2 on mitochondrial
depolarization, inducing cytochrome C release resulting
in caspase mediated apoptosis.

MATERIALS AND METHODS
Chemicals
DMEM F12 medium, Fetal calf serum, trypsin-EDTA
solution, 2′, 7′-dichlorofluoresceine diacetate (DCF-DA),
rhodamine-123 (Rh-123), propidium iodide (PI), DNasefree RNase, proteinase K, 3-(4,5-dimethylthiazole-2-yl)2,5-diphenyltetrazolium bromide (MTT), Hoechst 33258,
www.wjgnet.com
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cyclosporine A, penicillin, streptomycin, l-glutamine,
pyruvic acid, camptothecin, malondialdehyde (MDA)
and other biochemicals were purchased from Sigma
Chemicals Co. (St. Louis, Mo). Caspase-3 (ApoAlert
caspases assay kits) were from B.D. Clontech, USA.
Phospholipase A2 (PLA2) and cyclic adenosine
triphosphatase (cAMP) were measured by commercially
available kits from Cyman company, USA, and R&D
systems, USA respectively. Protein concentration was
measured using the BCA Protein Assay Kit from Pierce
(Rockford, IL, USA).
Collection and identification of test material
Aerial parts of the plant Vitex negundo Linn were
collected locally during August to October. Plant
material was identified and authenticated by examination
of the morphological characteristics by taxonomist of
the Institute. A voucher specimen has been deposited in
Indian Institute of Integrative Medicine (I.I.I.M.) Jammu
Herbarium under collection No. 17814.
Extraction procedure for preparation of NG
The shade dried and powdered leaves (1 kg) of V.
negundo were soaked in ethanol (5 L) and kept overnight.
The percolate was filtered and concentrated under
reduced pressure at below 50℃. T he extraction
procedure was repeated three times more using 3 L of
ethanol each time. The combined ethanol extract was
stirred with water (300 mL) for 1 h and filtered through
Celite. The aqueous extract was concentrated at 50℃
and finally dried in vacuum desiccators.
Isolation of NG
The ethanol extract (50 g) of V. negungo was adsorbed
over silica gel (100 g) to make slurry which was packed
over a column of silica gel (1 kg) packed in chloroform.
Elution was done with chlorofor m followed by
mixture of chloroform and methanol. Elution with
10% methanol in chloroform gave agnuside followed
by mixture of agnuside and negundoside and then
negundoside. The compounds were characterized on the
basis of 1HNMR, 13CNMR mass spectral data (data not
shown) and standardized by HPLC (Figure 1).
Cell culture
The study was carried out using as a model a human
hepatoma HuH-7 cells line (ATCC-USA), a generous gift
from Dr. Vijai Kumar, International Centre for Genetic
Engineering and Biotechnology (ICGEB), New Delhi,
India. Cells were grown in Dulbecco's Modified Eagle's
Medium (DMEM) containing 10% fetal calf serum (FCS),
supplemented with 100 Units/mL penicillin, 100 mg/L
streptomycin in a humidified atmosphere in 5% CO2 at
37℃, and were sub-cultured at 1:5 ratio once a week.
Cell treatment
FCS was reduced to 3% for the experiments. Cells
were plated at a density of 3 × 10 4 cells/cm 2 and
maintained in culture medium for 12 h. Stock solutions
of CCl4, NG and silymarin were prepared fresh to avoid
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Figure 1 Finger print profile and chemical structure of NG. The HPLC profile of NG was performed by employing Shimadzu HPLC system consisting of a diode array
detector and C18 column (5 μm, 250 mm x 4.0 mm I.D.) by UV detection at 254 nm. NG was resolved on a mobile phase consisting of methanol: 2% acetonitrile (30:70)
and delivered at a flow rate of 0.6 mL/min. The chromatogram is representative of one of three independent analyses.

oxidation. For CCl4 toxicity experiments, test substances,
were added to the cell cultures an hour prior to CCl4
treatment. Cells or supernatant were then collected for
determination of various parameters.

slides were sealed with nail polish and observed for any
nuclear morphological alterations and apoptotic bodies
under inverted fluorescence microscope (Nikon Eclipse
TE2000U, magnification 40X) using UV excitation.

Cytotoxicity assays
Cells were seeded onto 24-well plates, and after the
corresponding treatment, the medium was removed and
cell viability was evaluated by assaying for the ability
of functional mitochondria to catalyze the reduction
of MTT to for m for mazan salt by mitochondrial
dehydrogenases, as described [19] and determined by
ELISA reader at 565 nm (Multiskan Spectrum; Thermo
Electron Corporation, USA).

Anti-hemolytic activity
Anti-hemolytic activity of NG and silymarin was studied
as described[21]. Briefly, blood was collected from healthy
volunteers and centrifuged (3000 r/min) with an equal
volume of sterilized Alsver solution (2% dextrose, 0.8%
sodium citrate, 0.05% citric acid, and 0.42% sodium
chloride in water) to obtain the packed cells. The cells
were washed with isosaline (0.85%, pH 7.4) and diluted
with phosphate buffer (0.15 mol/L, pH 7.4). RBCs
(108 cells/mL) were incubated with triton × 100 (1 g/L)
to induce 100% cell lysis, in absence and presence of
test materials at 37℃ for 1 h. The A of the supernatant
was determined at 540 nm.

Cellular and nuclear morphology
The cellular and nuclear morphology was observed
under the light microscope (Nikon Eclipse TE2000U),
at 40 × magnification, or under fluorescent microscopy,
using Hoechst 33 258 staining method as described[20]
with certain modifications. Briefly, untreated and
treated HuH-7 cells in 6 well plates were harvested by
trypsinization, centrifuged at 100 × g for 5 min and
washed twice with PBS. Cells were gently suspended
in 100 μ L PBS and fixed in 400 μ L cold acetic acid:
methanol (v/v = 1:3) overnight at 4℃. Cells were washed
again in 1 mL of fixing solution, suspended in the residual
volume of about 50 μL, spread on a clean slide and dried
overnight at room temperature. One milliliter of staining
solution (Hoechst 33 258, 10 mg/L in 0.01 mol/L citric
acid and 0.45 mol/L disodium phosphate containing 0.05%
Tween 20) was poured on each slide and stained for
30 min under subdued light at room temperature. Slides
were washed under gentle flow of tap water, rinsed in
distilled water followed by in PBS. While wet, 50 μL of
mounting fluid (PBS:glycerol, 1:1) was poured over the
center of slide and covered with glass cover slip. The

CYP2E1 catalytic activity assay
CYP2E1 activity was deter mined by assaying
P-nitrophenol hydroxylation in rat liver microsomes
prepared by calcium precipitation method as described
earlier[22]. In brief, 1 mg microsomes in presence and
absence of test material caused hydroxylation of 100
mmol/L aniline hydrochloride in presence of 30 mmol/L
cumene hydroperoxide in 0.1 mol/L Tris buffer, pH
7.5. Liberated p-aminophenol was treated with 1 mL of
1 mol/L Na2CO3 and 1 mL of 2% phenol solution in
0.5 mol/L NaOH. The samples were allowed to stand at
room temperature for 30 min and read at 630 nm.
Lipid peroxidation analysis
Cells were plated onto 60 mm Petri dishes, and at the
end of the treatment they were washed twice in cold
PBS and harvested using rubber policeman in 1 mL
PBS. To the resulting cell suspension, we added 2 mL
www.wjgnet.com
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of TCA-TBA reagent (15% TCA + 0.375% TBA in
5 mol/L HCl) in glass tubes. Tubes were kept in a
boiling water bath (100℃) for 1 h, and then cooled to
room temp. The contents were centrifuged at 1500 × g
for 10 min. Absorbance of the supernatants was read
at 535 nm against blank. Malonyldialdehyde (MDA)
was used to draw the standard curve. The results were
expressed as nmoles MDA/mg protein.
In other set of experiments, 1 g/L of rat liver
microsomes in 0.15 mol/L NaCl were incubated with
0.1 mmol/L FeSO 4 and 35 mmol/L H 2 O 2 in the
presence and absence of test materials to stimulate lipid
peroxidation. Generation of MDA was determined
by assaying for thiobarbituric acid-reactive substances
(TBARS) as described[22].
Determination of glutathione levels
Cells were seeded onto 60 mm Petri dishes and
collected after the corresponding treatments. The
total GSH content (reduced form) of samples was
assayed as described[23]. Briefly, after treatments, cells
were washed with ice cold PBS containing 10 mmol/L
EDTA and centrifuged at 1500 × g. The cell pellets
were resuspended in PBS/EDTA solution with 35%
perchloric acid. The cell suspensions were kept on
ice for 10 min and vortexed in between 5 times. Cell
suspension was centrifuged at 13 000 r/min for 10 min
at 4℃. The supernatant was transferred to fresh tubes
and the pH adjusted to 7 with triethanolamine, 1 mol/L,
K 2 CO 3 1.65 mol/L and EDTA 30 mmol/L. The
contents were centrifuged at 13 000 r/min for 10 min.
To the 50 μL of the supernatant, we added 1850 μL of
PBS/EDTA solution and 100 μL of o-phthaldehyde
(1 g/L in methanol). The samples were incubated in
the dark for 20 min and read at 350 nm (excitation) and
420 nm (emission) with a fluorescent spectrofluorometer
(Perkin Elmer; LS-55).
Determination of cytochrome C by HPLC
Cytochrome C was determined as described[24]. Briefly,
the reaction medium (2.5 mL) containing mitochondria
(1 mg protein/mL) was 0.2 mol/L sucrose, 1 mmol/L
KH 2PO 4, 5 mmol/L succinate, 2 μ mol/L rotenone,
10 mmol/L Tris-MOPS, pH 7.3 at 25℃. Mitochondria
were preincubated with test materials [NG, silymarin
and cyclosporin A (CsA; 0.2 μmol/L)] for 10 min, and
then in presence of CCl4 (2 mmol/L) for 30 min. After
incubation, aliquots of mitochondrial suspensions
were centrifuged at 11 000 × g for 8 min to obtain
the supernatant. Finally, the supernatant (50 μL) was
introduced into an HPLC system equipped with a
reverse-phase C4 Cosmosil column (150 mm × 4.6 mm,
5-μm particle size, equipped with a UV-visible detector
(393 nm). The column (Spelco; Supercosil LC-304;
24 μ m × 4.6 μ m × 5 μ m) was eluted with a linear
gradient of acetonitrile-water (solvents modified with
0.1 mL/L trifluoroacetic acid); the gradient started at
20% acetonitrile and changed to 60% during 12 min and
the flow rate was 1.0 mL/min. The column was then
www.wjgnet.com
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washed with the 60% acetonitrile for 5 min followed by
reequilibration for 5 min in the 20% acetonitrile.
Preparation of rat liver mitochondria
Mitochondria from livers of rats (Wistar) were prepared
as described [25]. In brief, rat livers were washed once
with physiological saline, dissected and washed twice
in cold isolation solution (200 mmol/L D-mannitol,
70 mmol/L sucrose, 2 mmol/L HEPES, 0.5 g/L BSA).
Dissected livers were minced with two volumes of
isolation solution and homogenized (IKA homogenizerWERK, Ultra Turrax, T 25 B). The homogenate was
diluted with 7 volumes of isolation buffer and centrifuged
for 10 min at 560 × g. The supernatant collected was again
centrifuged for 15 min at 7000 × g. The mitochondrial
pellet was collected and resuspended in 2.5 volumes of
isolation solution and stored at -80℃ until use.
Measurement of intracellular calcium
Intracellular calcium levels were determined with the
fluorescent calcium indicator fura2-AM by ratiometric
fluorimetry as described[26]. HuH-7 cells were detached
from the plate using HBSS buffer (118 mmol/L NaCl,
4.6 mmol/L KCl, 10 mmol/L glucose, 20 mmol/L Hepes,
pH 7.2) containing 0.02% EDTA, resuspended in HBSS
with 1 mmol/L CaCl 2, and incubated with 1 μ mol/L
fura2-AM in the dark for 1 h at 37℃. Cells were washed
with HBSS/CaCl2, and resuspended in HBSS/CaCl2 at
a density of 1 × 106 cells/mL. EGTA (10 mmol/L) was
added at the beginning of the experiment, followed by
a 60 s-equilibration period[27]. Intracellular free calcium
measurements were performed at 37℃ using a ratiometric
fluorescence spectrophotometer (Perkin-Elmer LS
50B). Intracellular Ca 2+ concentration was estimated
as described[28] based on the equation: [Ca2+]i = Kd[(RRmin)/(Rmax-R)]Fmin(380)/Fmax(380), where R is F340/F380 ratio,
Rmin and Rmax are the ratios with 50 mmol/L digitonin, and
50 mmol/L digitonin + 11 mmol/L CaCl2, respectively.
Kd represents the apparent dissociation constant of Fura-2
(224 nmol/L) and Fmin(380)/Fmax(380) are the fluorescence
values of digitonized cells without or with 11 mmol/L
CaCl2, respectively.
Flow cytometric analysis of mitochondrial membrane
potential (∆ψ m )
Changes in the mitochondrial membrane potential (∆ψm)
were examined by monitoring the cell fluorescence after
staining with rhodamine 123 (Rh123) as described[29].
Rh123 is a membrane permeable fluorescent cationic
dye that is selectively taken up by mitochondria directly
proportional to the MMP[30]. The intensities from Rh123
and PI were determined using a BD-LSR flow cytometer
equipped with electronic doublet discriminating capability.
Intracellular measurement of reactive oxygen species
(ROS)
The production of ROS was monitored with DCFDA as the probe [31]. DCF-DA diffuses through the
cell membrane and is enzymatically hydrolyzed by
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intracellular esterases to nonfluorescent DCF-H, which
is then rapidly oxidized to the highly fluorescent DCF
in presence of ROS. Treated and non-treated HuH-7
cells were incubated for 1 h with DCF-DA (2 μmol/L)
and, after the washing of cells, the production of free
radicals were assessed in situ as the enhancement of
fluorescence at excitation wavelength of 500 nm and
emission wavelength of 520 nm and was measured in a
fluorescent plate reader (Perkin Elmer LS 55, USA).
Measurement of intracellular H2O2
Intracellular H 2 O 2 levels were analyzed using 123
dihydrorhodamine (123-DHR) as specific fluorescent dye
probe as described by Katiyar et al with modifications for
HuH-7 cells[32]. Briefly, non-treated and treated HuH-7
were washed twice with PBS and incubated in the
culture medium without FCS and loaded with 123-DHR
(5 μmol/L). Cells were further incubated for 45 min
to irreversibly oxidize and convert DHR to fluorescent
compound rhodamine 123 and fluorescence was read
with aid of spectrofluorometer (Perkin Elmer LS 55,
USA) with excitation wavelength 485 nm and emission
wavelength of 530 nm. The cells for fluorescent-based
assays were grown onto sterile black fluorescent plates (96
well format; Nunc, Denmark).
Cell cycle analysis (apoptosis)
Cell cycle was analysed as described by Yang et al [33].
Briefly, non-treated and treated HuH-7 cells were
harvested by trypsinization, centrifuged at 1500 × g for 5
min, washed with PBS, and fixed in 70% ethanol at 4℃
overnight. Fixed cells were washed twice with PBS and
incubated in PBS containing 1.5 mg/L RNase A for 1 h
at 37℃, followed by staining with 5 μL PI (1 mmol/L
stock) for 20 min on ice. The cells were analyzed for DNA
content using BD-LSR flow cytometer equipped with
electronic doublet discrimination capability using blue
(488 nm) excitation from argon laser. Data were collected
in list mode on 10 000 events for FL2-A vs FL2-W.
DNA laddering
DNA fragmentation was analysed as described by Yang
et al[33]. Briefly, HuH-7 cells treated or untreated were
harvested and centrifuged at 1500 × g for 5 min. After
washing twice with PBS/ethylenediamine-N, N, N', N'tetraacetic acid (EDTA). Cells were incubated in a lysis
buffer [0.5 mL/L Triton X-100, 10 mmol/L EDTA,
0.4 g/L proteinase K, and 10 mmol/L Tris-HCl, pH
7.4] at 56℃ for 1 h. Cell lysate was treated with 0.4 g/L
RNase at 37℃ for 30 min. The genomic DNAs were
purified by phenol/chloroform extraction and ethanol
precipitation, and resuspended in a Tris-EDTA buffer,
DNA fragments were stained with ethidium bromide
and visualized by 2.5% agarose electrophoresis.
Enzymic assay of caspase 3-activity
Caspase activation was measured using a caspase 3
fluorometric assay kit (BD Apoalert caspase 3 fluorescent
assay kit). HuH-7 cells, treated or untreated were
harvested, and centrifuged (approximately 1 mg protein)
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at 400 × g for 5 min. The cell pellets were re-suspended
in 50 μL of chilled cell lysis buffer and incubated on ice
for 10 min, and the lysates were centrifuged at 15 000 × g
for 10 min at 4℃ to precipitate cellular debris. A total
of 50 μL of cell lysates was incubated with 50 μL of
reaction buffer/DTT mix. DEVD-CHO was used as an
inhibitor of caspase 3 in an induced sample. Five μL of
1 mmol/L caspase-3 substrate (DEVD-AFC at a final
concentration of 50 μmol/L) was added to each sample.
The samples were incubated at 37℃ for 1 h and read on a
spectrofluorometer (Perkin Elmer LS 55) with excitation
wavelength 400 nm and emission wavelength of 505 nm.
Cytosolic phospholipase A2 assay
cPLA2 activity was measured in cell lysates, using cPLA2
assay kit (Cayman Chemical Company cPLA2 assay kit)
as per the instructions of the supplier. The kit involves
the principle that cPLA 2 exhibits specificity towards
arachidonic acid. Arachiconyl thio-PC is used as a
synthetic substrate to detect the phospholipase activity.
Hydrolysis of the arachiconoyl thioester bond at the sn-2
position by cPLA2 releases free thiol which are detected
by DTNB (5, 5'-dithiobis-2-dinitrobenzoic acid).
Adenosine 3', 5'-cyclic monophosphate (cAMP) assay
cAMP activity was measured in the cell lysates, using
cAMP assay kit (R&D Systems, Inc, cAMP assay kit)
as per the instructions of the supplier. The kit is based
on the competitive binding technique in which cAMP
present in a sample competes with a fixed amount of
horseradish peroxidase (HRP)-labeled cAMP for sites on
a mouse monoclonal antibody. During the incubation,
the monoclonal antibody becomes bound to the goat
anti-mouse antibody coated onto the microplate.
Following a wash to remove excess conjugate and
unbound sample, a substrate solution is added to the
wells to determine the bound activity. The colour
developed was stopped and the absorbance read at 450
nm. The intensity of the colour is inversely proportional
to the concentration of cAMP in the sample.
2, 2'-azino-di-[3-ethylbenzthiazoline sulphate] oxidation
inhibition assay (ABTS assay)
The assay was performed using antioxidant assay kit
from Cayman Chemical Company, as per the instructions
by the manufacturer. The assay was used to access the
ability of the test materials (NG, Silymarin etc) to inhibit
the oxidation of ABTS to ABTS.+ by metmyoglobin.
The amount of ABTS .+ produced in absence and
presence of test material was monitored by reading
absorbance at 750 nm. Suppression of the absorbance
at 750 nm in presence of test material is proportional to
their antioxidant activity. The capacity of the antioxidant
activity (inhibition of ABTS .+ formation) in the test
sample was compared with that of Trolox, a watersoluble tocopherol analogue.
1,1-diphenyl-2-picrylhydrazyl (DPPH) discolouration
assay
This assay was performed as described by Gonzalez
www.wjgnet.com
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et al[34]. In brief, for the assay, various concentrations of
test compound were added to 3 mL of DPPH solution
(20 mg/L methanol) and incubated for 5 min at 25℃.
The absorbance was measured al 517 nm. A 100%
decoloration was established using methanol-water 2:1
and the percentage of DPPH decoloration was calculated.
Superoxide anion scavenging activity
In vitro effect of NG on superoxide anion radical
generation was studied as described previously[35]. Two
reaction systems used were: (a) enzymic ; (b) nonenzymic. System (a) comprised of 100 μmol/L xanthine,
600 μmol/L nitroblue tetrazolium (NBT) and 0.07 U/mL
xanthine oxidase in 50 mmol/L sodium carbonate
pH 9.2, incubated for 10 min in presence and absence
of test materials and A read at 560 nm. System (b)
comprised of 10 μ mol/L phenazine methosulphate,
78 μ mol/L NADH, 25 μ mol/L NBT, incubated for
2 min in presence and absence of test materials and A
read at 560 nm.
Protein estimation
Protein concentration was measured with BCA Protein
Assay Kit from Pierce (Rockford, IL, USA) as per the
instructions of the manufacturer.
Statistical analysis
Results are expressed as mean ± SD. Comparisons
were made between control and treated groups unless
otherwise indicated using unpaired Student's t-test and
P values < 0.05 were considered statistically significant.

RESULTS
Standardization of NG
For better scientific and clinical acceptability and proper
global positioning of plant based products, it has
become implicit to determine their chemical profile data
on the basis of purity of compound. In this respect we
have developed the HPLC protocol for NG (Figure 1).
HPLC profile confirmed that NG was isolated as < 95%
pure.
Cytoprotective and membrane stabilizing effect of NG
and silymarin against CCl4-induced cytotoxicity in HuH-7
cells
CCl4 produced a concentration dependent loss of viability
in HuH-7 cells as evaluated by MTT assay. At 24 h of
incubation, the IC50 value of CCl 4 was found to be
2 mmol/L approximately (1.958 mmol/L; Figure 2A).
This concentration was used to generate oxidative stress
to study the cytoprotective effect of NG and silymarin in
further experimentations. NG alone was not toxic under
the assay conditions up to a concentration of 400 mg/L.
However, silymarin at concentrations above 50 mg/L
produced loss of cell viability, with an estimated IC50
value of 413.38 mg/L (Figure 2B).
To characterize the protective effect of NG and
silymarin on CCl4 induced cytotoxicity in HuH-7 cells,
www.wjgnet.com
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Cytotoxicity profile of CCl4 (evaluated by MTT assay)
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Figure 2 Cytotoxicity profile of CCl4 and protective effect of NG and silymarin
on CCl4-induced inhibition of cellular proliferation in HuH-7 cells. For cell
proliferation assay, HuH-7 cells grown in 24-well culture plate were incubated
with indicated concentrations of test materials. Cell proliferation was assessed
by MTT reduction assay. A, B: Represents inhibition of cell proliferation by
CCl4 and test materials (NG and silymarin); C: Represents protection of NG
and silymarin, against CCl4 induced inhibition of cell proliferation. HuH-7 cells
were treated with various concentrations of NG and silymarin (5 to 100 mg/L)
1 h before treatment with CCl4 for 24 h and the cell proliferation was determined
by MTT reduction assay. Control wells received medium containing DMSO (<
0.2 mL/L). The % cell cytoxicity, % viability and % cytoprotection was
calculated as, % Cytotoxicity = (Control - Test)/Control x 100, % Cell viability =
% Cytotoxicity - 100, % Cytoprotection = 100 - (Treated - Control)/(CCl4 Control) x 100. Data are mean ± SD (n = 8) and representative of one of three
similar experiments and statistically significant P values: bP < 0.01; dP < 0.001;
a
P < 0.02; cP < 0.05; NS: Non-significant, CCl4 treated vs control cells; CCl4 +
LIV-1/silymarin vs CCl4 treated cells.

dose-response experiments were conducted using
various concentrations of NG and silymarin. NG
showed a significant dose dependent protective effect
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against CCl4 induced loss of cell viability. The PC50 (50%
protective concentration) for NG was estimated to be
24.46 mg/L and 15.30 mg/L for silymarin (Figure 2C).
Results obtained from MTT assay were in total
correlation with the extent of cell death as confirmed by
morphological changes observed under light microscope
and Hoechst 33 258 staining under fluorescence
microscopy (Figure 3). Treatment with CCl 4 caused
HuH-7 cells to lose their normal structure with signs
of cell swelling, most of the cells were detached and
monolayer was disturbed (Figure 3ⅠA compared with
Figure 3ⅠB). These structural changes were prevented
to a large extent by 30 and 100 μg/mL of NG and were
comparable with the protection offered by silymarin at
50 mg/L (Figure 3ⅠC-F).
Nuclei of untreated HuH-7 cells appeared
prominently round in shape (Figure 3 ⅡA). After
exposure with CCl 4 , cells showed morphological
alterations and condensation of nuclei (Figure 3 ⅡB).
The prominent changes were accompanied by an
increase in apoptotic bodies and increase in cellular
debris. All these alterations were prevented by coexposure with NG and silymarin in a dose dependent
manner (Figure 3ⅡC-E).
The above mentioned cytoprotective results were
further correlated with the membrane stabilizing effect
of NG and silymarin against Triton X 100 (1 g/L)induced membrane disruption in human RBCs. NG
showed an effect in the range of 4% to 91% in a
concentration dependent manner (5 mg/L to 100 mg/L)
against a protective effect of 6% to 88% at the same
concentration, shown by silymarin (Figure 4).
Effect of NG and silymarin on CYP2E1 catalytic activity
To study the mechanism by which NG was preventing
CCl 4 -induced toxicity in HuH-7 cells, the possible
interference of NG and silymarin on CYP2E1 activity
(aniline hydroxylation) was studied. Hepatic microsomes
from Wistar rats were used as a source to assay
in vitro effect of NG and silymarin on CYP2E1 levels
(Figure 5A). In another set of experiments, the CYP2E1
protein levels were analyzed to assay the protective effect
of NG and silymarin against oxidation of 2.5 mmol/L
ethanol (Figure 5B).
NG alone showed no significant effect on aniline
hydroxylation levels at any concentrations used (5 to 100
mg/L), whereas silymarin produced an inhibitory effect
in the range of 2.6% to 26.2% at the same concentrations
(Figure 5A). Isoniazid (used as a positive control for
inhibition of CYP2E1) showed a dose dependent
inhibition, with IC50 at 500 μmol/L (data not shown).
Treatment of microsomes with 2.5 mmol/L ethanol
caused an increase of 63% in aniline hydroxylation levels.
Co-treatment of NG with ethanol showed no inhibitory
effect on aniline hydroxylation levels induced by ethanol.
However, silymarin caused inhibitions of 8.4%, 41%, 76%
and 149% at 10 mg/L, 25 mg/L, 50 mg/L and 100 mg/L,
respectively in aniline hydroxylation levels compared to
microsomes treated with ethanol alone (Figure 5B).
The results (Figure 5 A and B) show that NG did not
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inhibit CYP2E21 activity, suggesting that NG is most
probably acting as an antioxidant, and not as a CYP2E1
inhibitor and silymarin acts both as an antioxidant, and
an inhibitor of CYP2E1.
Effect of NG and silymarin on FeSO4 + H2O2 stimulated
lipid peroxidation (LPO) in rat liver microsomes and on
CCl4 induced LPO in HuH-7 cells
FeSO4 + H2O2 increased LPO in rat liver microsomes
by 6.8-fold. Incubation with NG (10 to 100 mg/L)
decreased in a range of 3% to 69%, this increase in
LPO levels (Figure 6A). Silymarin at the equivalent
concentrations showed an enhanced inhibitory effect
of 21% to 111%. Treatment of HuH-7 cells with CCl4,
increased LPO levels up to 4.6-fold. NG offered a
protective effect against this increase by 10.4%, 21%,
39%, 54% and 131% at 5 mg/L, 10 mg/L, 25 mg/L,
50 mg/L and 100 mg/L, respectively. At similar
concentrations, silymarin produced respective inhibitory
effects of 17%, 32%, 64%, 146% and 164% (Figure 6B).
Effect of NG and silymarin on the ROS generation
induced by CCl4
Oxidative stress was studied by fluorescence spectrophotometrical analysis of the levels of ROS, using
DCF-DA and DHR as the probes. Figure 7 shows the
mean values of DCF and DHR fluorescence for cell
populations with various treatments. Treatment with
CCl4, increased by 2.1 (DCF) and 2.2-fold (DHR) the
production of ROS in HuH-7 cells in comparison with
no addition control. NG and silymarin (10 to 100 mg/L)
reduced the increase in the ROS levels produced by CCl4
in a significant and dose dependent manner. NG at 10
mg/L decreased DCF fluorescence intensity by 32% and
DHR by 52%. At 50 mg/L, DCF and DHR intensities
were decreased by 76% and 105%, respectively. At
100 mg/L, both the fluorescence intensities were down
by 104% and 143%. H2O2 (500 μmol/L) was used as
positive control for ROS generation.
Effect of NG and silymarin on intracellular Ca 2+ and
caspase 3 levels induced by CCl4
Intracellular Ca2+ and caspase 3 levels were increased
significantly by CCl 4 treatment, which reflects the
requirement of Ca2+ and caspase 3 in the overall toxicity
pathway of CCl 4 (Figures 8 and 9). CCl 4 caused an
increase of 4.8-fold in Ca2+ and 2.3-fold in caspase 3
levels in HuH-7 cells. This abnormal rise in Ca2+ levels
were decreased by NG by 15%, 72% and 106% and
caspase 3 levels were decreased by 16%, 92% and 139%
at 10 mg/L, 50 mg/L and 100 mg/L, respectively.
Silymarin also showed a dose dependent inhibitory
effect on Ca2+ and caspase 3 levels increased by CCl4.
The effect was 28%, 114% and 207% in Ca 2+ levels
at 10 mg/L, 50 mg/L and 100 mg/L, and 34% and
160% in caspase 3 levels at 10 mg/L and 50 mg/L,
respectively. However at 100 mg/L, silymarin showed
a less significant effect (28% decrease). Thus, silymarin
showed a higher Ca 2+ inhibitory effect compared to
NG, but less caspase 3 inhibition at concentrations
www.wjgnet.com
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Figure 3 Effect of NG and silymarin against CCl4-induced altered cellular and nuclear morphology of HuH-7 cells. NG and silymarin rescued CCl4-induced cellular
(Ⅰ) and nuclear morphological (Ⅱ) changes. Cellular morphology was observed by normal phase contrast microscopy, while as nuclear morphology was evaluated
by Hoechst 33258 staining of HuH-7 cells and observed under fluorescence microscopy as described in Materials and Methods. These methods detected influences
of CCl4 on cellular and nuclear changes. A: Untreated control cells show normal cellular characteristics and rounded nuclei; B: Cells treated with CCl4 (2 mmol/L) for
24 h show altered membrane structure and condensed chromatin/nuclei, apoptotic (arrows) and scattered apoptotic bodies; C: Cells incubated with NG (30 mg/L); D:
Cells incubated with NG (100 mg/L); E: Cells incubated with silymarin (50 mg/L), 1 h before the treatment with CCl4 showed protection against CCl4-mediated cellular
and nuclear alterations.

above 50 mg/L. Cyclosporine (10 μmol/L) was used as
positive control for Ca2+ inhibition and camptothecin
www.wjgnet.com

(inducer, 4 μ mol/L) and DEVD-CHO (inhibitor,
20 μmol/L) were used as positive controls.
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Figure 4 Membrane stabilizing effect of NG and silymarin on human RBCs.
RBC suspensions were pre-incubated with or without (control) test materials
and triton (1 g/L) in phosphate buffered saline as described in Materials and
Methods section. Data are mean ± SD (n = 3) and representative of one of
three similar experiments and statistically significant P values: bP < 0.01; aP <
0.05; dP < 0.001; NS = Non-significant. Triton treated vs control cells; triton +
NG/silymarin vs triton treated cells.
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Figure 5 Effect of NG and silymarin in vitro on CYP2E1 catalytic activity. A:
Rat liver microsomes were incubated in the absence or presence of different
concentrations (5 to 100 mg/L) of test materials. CYP2E1 activity was assayed
by following the hydroxylation of aniline hydrochloride in presence of cumene
hydroperoxide as described in Materials and Methods section; B: Concentration
dependent protection by NG and silymarin against alcohol (2.5 mmol/L)-induced
aniline hydroxylase levels in rat liver microsomes. The microsomes were preincubated with medium containing various concentrations (5 to 100 mg/L)
of test materials for 5 min before addition of alcohol and aniline hydroxylase
levels were determined. Data are expressed as mean ± SEM and are from
a representative experiments repeated twice and conducted in triplicate. P
values: bP < 0.001 vs the corresponding alcohol-treated microsomes; dP < 0.001
and fP < 0.001 vs alcohol-treated cells in presence of test materials; NS: Nonsignificant.

Figure 6 Protective effect of NG and silymarin against stimulated lipid
peroxidation. A: Anti-lipid peroxidative effect of NG and silymarin in vitro. Liver
microsomes (1 mg protein/mL, 0.15 mol/L NaCl, pH 7.0) were incubated for 20
min at 37℃ in the absence (control) and presence of 100 mmol/L FeSO4 +/50
mmol/L H2O2 (stimulated). In identically set-up Fe2+/H2O2-stimulated incubations,
NG and silymarin (20 mg/L to 100 mg/L, in 30% DMSO) were added (test C).
Control incubations received vehicle only; B: HuH-7 cells were pre-incubated
for 1 h with medium containing test materials (NG and silymarin) at different
concentrations (5 mg/L to 100 mg/L). The cells were further incubated in
absence or presence of 2 mmol/L CCl4 (stimulated) for further 24 h. The cells
were harvested by scraping and assayed for the production of MDA using
TBARS assay, as described under materials and methods section. Reaction
was terminated by the addition of 2.0 mL TCA-TBA reagent (15% TCA, 0.375%
TBA in 5mol/L HCl) and LPO content determined as nmol MDA formed/mg
protein. Data are expressed as mean ± SD and are from representative
experiments repeated twice and conducted in triplicate. Statistical significance,
b
P < 0.01 vs the untreated control. dP < 0.01; aP < 0.05; fP < 0.001 and NS:
Non-significant vs stimulated (FeSO4 + H2O2 and CCl4 treatments).

Effect of NG and silymarin on cytochrome C release
from isolated rat liver mitochondria induced by CCl4
Isolated rat liver mitochondria were used to study the effect
of NG and silymarin on cytochrome C release induced
by CCl4 (Figure 10). CCl4 caused an increase of 2.1-fold in
cytochrome C levels, which was inhibited by 75% and 105%
at 50 mg/L and 100 mg/L of NG treatment, respectively.
Silymarin showed an effect in the range of 27% at 10 mg/L,
135% at 50 mg/L. However at a higher concentration
(100 mg/L), silymarin showed a biphasic effect, with a slight
increase in cytochrome C levels compared to 50 mg/L
(36% increase). Cyclospo-rine 5 μmol/L was used as a
positive control for cytochrome C inhibition.
Effect of NG and silymarin on mitochondrial membrane
permeability transition onset by CCl4 in HuH-7 cells
Oxidative damage to mitochondria and the onset of
MMP transition seems to play an important role in CCl4www.wjgnet.com
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Figure 8 Effect of NG and silymarin against CCl4-induced cytosolic free Ca2+
concentrations. HuH-7 cells pre-incubated for 1 h with medium containing test
materials (NG and silymarin) at different concentrations (10 to 100 mg/L) were
exposed to CCl4 (2 mmol/L) for indicated time period, washed and loaded
with Fura-2 AM as described in materials and methods section. Cyclosporine
(10 mmol/L) was used as positive control. Data are expressed as mean ± SD,
and are from a representative experiments repeated twice and conducted in
triplicate. Statistical significance: bP < 0.001 vs the untreated control, dP < 0.001
vs CCl4 treated cells.
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Figure 9 Effect of NG and silymarin against caspase 3-mediated apoptosis.
CCl4 treatment increases caspase 3 activity in HuH-7 cells. HuH-7 cells were
treated with CCl4 in presence or absence of test materials (NG and silymarin)
and caspase 3 activity was measured as described in Materials and Methods
section. Data are expressed as mean ± SD and are from representative
experiments repeated twice and conducted in triplicate. Statistical significance:
b
P < 0.001 vs the untreated control. dP < 0.01; fP < 0.001 vs CCl4-treated cells.
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Figure 7 Effect of NG and silymarin on CCl4-induced ROS production. HuH-7
cells were pre-incubated for 1 h with medium containing test materials (NG and
silymarin) at different concentrations (10 to 100 mg/L). The cells were kept for
further incubation in absence or presence of 2 mmol/L CCl4 (stimulated). After
24 h of incubation maintaining the specific treatments, the cells were incubated
with serum-free medium containing DCF-DA and 123-DHR and ROS levels
were studied as mentioned in material and methods section. H2O2 (100 mmol/L)
was used as positive control for ROS generation. Data are expressed as mean
± SD and are from representative experiments repeated twice and conducted in
triplicate. Statistical significance, bP < 0.001 vs the untreated control; dP < 0.001,
a
P < 0.05; fP < 0.01 vs CCl4-treated cells.
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Figure 10 Effect of NG and silymarin against CCl4-induced cytochrome C
release from isolated rat liver mitochondria. CCl4 treatment causes cytochrome
C release form rat liver mitochondria. Mitochondria were treated with CCl4 in
presence or absence of test materials (NG and silymarin) and cytochrome C
levels were measured as described in Materials and Methods section. Data
are expressed as mean ± SD and are from a representative experiments
repeated twice and conducted in triplicate. Statistical significance: bP < 0.001
vs the untreated control; aP < 0.02; dP < 0.001 and NS = non-significant vs CCl4
treated mitochondria.

induced toxicity in HuH-7 cells. MMP transitions were
analyzed by flow cytometry after staining with Rh123
(Figure 11). Untreated HuH-7 cells were strong in Rh123
fluorescence intensity, suggestive of intact viable cells. A very
small percentage of cells (8%) were showing low Rh123
fluorescence, reflective of damaged cells. CCl4 caused a 6-fold
increase in percentage of cells with low Rh123 fluorescence.
Incubation in the presence of 50 mg/L and 100 mg/L of
NG and silymarin, respectively significantly protected HuH-7
cells from decline in MMP produced by CCl4.

cytometry. A DNA ladder formation was found with
cells treated with CCl 4 (Figure 12). Treatment with
NG and silymarin protected HuH-7 cells against CCl4
induced DNA fragmentation.
In cell cycle analysis, treatment with CCl4 markedly
increased proportion of apoptotic cells significantly
(49%). NG and silymarin had an obvious anti-apoptosis
effect. As shown in Figure 13, the co-treatment with
25 mg/L, 50 mg/L and 100 mg/L of NG markedly
reduced the percentage of the apoptotic cells to 27%,
14% and 11%, respectively. Silymarin showed a reduction
in apoptotic cells by 21% and 9% at 25 mg/L and
50 mg/L, respectively. At 100 mg/L, however, silymarin
had an effect of 18% (Figure 13).

Effect of NG and silymarin on CCl4-induced apoptosis in
HuH-7 cells
Apoptosis was studied by internucleosomal DNA
fragmentation analysis and cell cycle analysis by flow

Effect of NG and silymarin on CCl4-induced alterations
in cAMP and cPLA2 levels in HuH-7 cells
To test the effect of CCl4-induced oxidative stress on
cAMP levels in HuH-7 cells, we evaluated cAMP with

www.wjgnet.com
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Figure 11 Effect of NG and silymarin against CCl4-induced loss of mitochondrial membrane potential (Δym). HuH-7 cells were pre-incubated for 1 h with test
materials (NG and silymarin) at mentioned concentrations. The cells were further incubated for 24 h with CCl 4 (2 mmol/L). Thereafter, cells were stained with
Rhodamine-123 and analysed by flow cytometry as described in Materials and Methods section. Representative histograms are shown and the percentage of cells in
depolarized zone (M1 zone) are shown.

and without CCl4 and then in the presence of CCl4 with
NG and silymarin. As hypothesized, cAMP levels were
significantly reduced by CCl4. Concomitant treatment of
HuH-7 cells with NG significantly increased the levels
of cAMP. Similar results were evident with treatment
with silymarin. Forskolin (100 μmol/L) was used as a
positive inducer of cAMP (Figure 14). On the contrary,
phospholipase A2 levels were significantly increased with
the CCl4 treatment (2.3-fold). NG effectively reduced
this increase by 44% at 10 mg/L and 304% at 50 mg/L.
Silymarin reduced these levels by 97% at 10 mg/L and
136% at 50 mg/L. Bee venom (1 mg/L) was used as
positive control to induce cPLA2 levels (Figure 15).

1

2

3

4

5

6

F i g u r e 1 2 E ff e c t o f NG a n d
silymarin against CCl 4 -induced
DNA fragmentation. HuH-7 cells
were pre-incubated for 1 h with
test materials (NG and silymarin)
at mentioned concentrations.
The cells were further incubated
for 24 h with CCl 4 (2 mmol/L).
Thereafter, genomic DNA was
extracted from cells and subjected to
gel electrophoresis as mentioned in
Materials and Methods section. Lanes:
1: Control; 2: CCl4 2 mmol/L; 3: CCl4
2 mmol/L + NG 30 mg/L; 4: CCl4 2
mmol/L + NG 100 mg/L; 5: CCl4 2
mmol/L+ Silymarin 50 mg/L; 6: Ladder.
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Figure 13 Effect of NG and silymarin against CCl4-induced cell cycle arrest. HuH-7 cells were pre-incubated for 1 h with test materials (NG and silymarin) at
mentioned concentrations. The cells were further incubated for 24 h with CCl4 (2 mmol/L). Thereafter, cells were harvested by trypsinization, fixed with ethanol, stained
with PI , and analyzed using flow cytometry. Representative histograms are shown, and the percentage of cells in the sub G0/G1 fraction (M1 zone, hypodiploid area)
are shown.

Effect of NG and silymarin on CCl4-induced depletion of
GSH levels in HuH-7 cells
Figure 16 depicts the effect of CCl 4 on GSH levels
and restorative effect of NG and silymarin in a dosewww.wjgnet.com

response manner. Treatment of HuH-7 cells with CCl4depleted the GSH content by 2 folds. Co-exposure
with NG and silymarin effectively restored the depleted
levels of GSH in a dose response manner. Restorative
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Figure 14 Effect of NG and silymarin against CCl4-depleted cAMP levels. Preincubated, (1 hour at mentioned concentrations of NG and silymarin) HuH-7
cells were exposed to 2 mmol/L CCl4 for 24 h. cAMP levels were determined in
the cell culture supernatants as described in Materials and Methods. Forskolin
(100 mmol/L) was used as positive control. Data are expressed as mean ±
SD and are from representative experiments repeated twice and conducted in
triplicate. Statistical significance: bP < 0.001 vs the untreated control. dP < 0.001
vs CCl4-treated cells.

effect of NG was in the range of 17% to 147% at
5 mg/L to 100 mg/L, respectively. Silymarin showed an
effect in the range of 23% to 152% at a concentration
of 5 to 50 mg/L. However at higher concentration
(100 mg/L), there was a slight decrease in this effect. BSO
(100 μmol/L) was used as a positive inhibitor of GSH.
In vitro antioxidant activity of NG and silymarin
Figure 17 is representative of anti-oxidant activity of
NG and silymarin. NG showed a strong activity, with
I.C. 50 values of 17.31 mg/L for DPPH, 22.75 mg/L
for enzymatic reaction, 13.49 mg/L for non-enzymatic
reaction and 8.71 mg/L for ABTS assay. The IC 50
values of silymarin for the same assays were 34.07,
24.35, 21.10 and 12.36 mg/L respectively.

DISCUSSION
Liver cells exposed to various chemicals/drugs (prooxidants) appear to be a useful in vitr o model to
characterize the biochemical and toxicological properties
of such entities, and the possible protection provided
by added agents [36]. The main goal of this work was
to investigate the influence of an irridoid glycoside
compound negundoside (NG) on CYP2E1-mediated
toxicity in HuH-7 cells induced by CCl4. Overall, the
results of the present study indicate that NG is effective
in protecting against the toxicity and the loss of viability
induced by CCl4.
The main mechanism by which CCl4 is known to
mediate its toxic effects is through oxidative stress and
oxidative damage due to an increased production of
ROS[37]. Induction of CYP2E1 by CCl4 is one of the
main pathways by which CCl4 increases ROS production
and generates a state of oxidative stress in the liver[38,39].
Since CYP2E1 is a key contributor to injury produced

Figure 15 Effect of NG and silymarin against CCl4-induced cPLA2 levels. Preincubated, (1 h with mentioned concentrations of NG and silymarin) HuH-7 cells
were exposed to 2 mmol/L CCl4 for 24 h. cPLA2 levels were determined as
described in Materials and Methods. Bee venom (1 mg) was used as positive
control. Data are expressed as mean ± SD and are from representative
experiments repeated twice and conducted in triplicate. Statistical significance:
b
P < 0.001 vs the untreated control; dP < 0.01; fP < 0.001 vs CCl4-treated cells.
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Figure 16 Effect of NG and silymarin on CCl4-induced decrease in GSH levels.
HuH-7 cells were pre-incubated with medium containing test materials (NG and
silymarin) for 1 h. The cultures were then further incubated in presence and
absence of CCl4 for 24 h. The cells were harvested by scraping and GSH levels
were determined as described under Materials and Methods section. BSO
(100 µmol/L) was used as positive control. Data are expressed as mean ±
SD and are from representative experiments repeated twice and conducted in
triplicate. Statistical significance: bP < 0.001 vs the untreated control; dP < 0.01;
f
P < 0.001; NS = non-significant vs CCl4-treated cells.

by CCl 4 , one possible mechanism involved in the
prevention of this toxicity by NG could have been an
inhibition of CYP2E1 catalytic activity. Results in this
study indicate that NG does not affect p-nitrophenol
metabolism by CYP2E1 in liver microsomes under the
experimental conditions (Figure 5 A and B); therefore,
the mechanism by which NG affords its protection
is not by inhibition of CYP2E1 activity. This is in
confirmation to earlier reports in which many plant
derived products like, Scutellariae radix [40] , Humulus
lupulus[41], green tea compounds[42] have also been shown
to be hepatoprotective in other systems without any
effect on CYP2E1 catalytic activity.
Bio-metals, such as iron are powerful catalysts of
www.wjgnet.com
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Figure 17 In vitro effect of NG and silymarin on free radicals generation. Free radicals scavenging effect of NG and silymarin was studied against DPPH radicals (stable
hydroxyl radical), enzymic, non-enzymic (superoxide radicals) and ABTS radical (stable hydroxyl radical). Percentage anti-oxidant activity (% effect) was determined
as described in Materials and Methods section. Values are mean from five independent determinations. bP < 0.001 versus control. Control O.D. system DPPH,
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experiments repeated twice and conducted in triplicate. Statistical significance: aP < 0.05; bP < 0.01; cP < 0.02; dP < 0.001; NS = non-significant vs respective
controls.

free radical formation and lipid peroxidation processes,
and polyunsaturated fatty acids in cellular membranes
(microsomes) provide basic substrates for these
reactions[43]. Scavenging or preventing formation of lipid
radicals may prevent damage when cellular antioxidant
defense mechanism is strengthened or iron overload is
sequestered by exogenous treatment with cytoprotective
drugs as NG. As lipid peroxidation (LPO) has been
shown to play an important role in the ensuing toxicities
in CYP2E1-induced conditions [44,45], in this respect,
NG strongly inhibited lipid peroxidation promoted
by H2O2+Fe in microsomes and CCl4 in HuH-7 cells
(Figure 6 A and B). It has been reported that glycosides,
such as NG, are potent cytoprotective agents against
oxidative stress induced cytotoxicity[46]. Therefore, one
major mechanism underlying the effectiveness of NG in
protecting against the CCl4-induced LPO in HuH-7 cells
may involve its capability to prevent lipid peroxidation
chain reactions as a consequence of scavenging free
radicals or chelating iron.
Intracellular calcium has been suggested to play
a critical role in the oxidative damage of liver cells.
Earlier, it has been reported that treatment of liver cells
with CCl4 increases calcium levels and produce cellular
toxicity through calcium dependent pathways. Elevated
levels of calcium initiates a cascade of signaling events
leading to activation of calcium dependent degredative
enzymes as phospholipases A2, endonucleases, or
proteases[47]. Our results are in corroboration with this
www.wjgnet.com

and showed that CCl4-induced cell death in HuH-7 cells
was mediated by release of intracellular calcium with
subsequent activation of caspase 3 and cPLA2 (Figures
9 and 15) and simultaneous inhibition of cAMP levels
(Figure 14). Increased intracellular calcium, activation
of PLA2 and inhibition of cAMP were almost
parallel to toxicity. Oxidative stress-mediated LPO is
suggested to be the initiator of intracellular calcium
release[25], which later influences down stream apoptotic
signaling processes. cAMP levels are known to be
regulated by catalytic activity of adenylate cyclase
and phosphodiesterase. Increasing concentration of
intracellular cAMP has been directly associated with
inhibition of phosphodiesterase, reduced release of ROS
and inhibition of chemotaxis, degranulation and cell
death[48]. NG restored the calcium and cAMP to normal
levels, inhibited lipid peroxidation, activated cPLA2 levels
were inhibited and cytotoxicity was reversed without
altering CYP2E1 levels. Therefore we hypothesize that
NG inhibits CCl4-induced oxidative stress and, hence
LPO, which increases intracellular calcium and PLA2
activation and converge on mitochondria, inducing
mitochondrial damage. All these downstream events of
CYP2E1 mediated toxicity were effectively inhibited by
NG, thus demonstrating its strong anti-oxidant capacity.
We also suggest that inhibition of intracellular calcium
release mediated cPLA2 activation, increase in cAMP
levels, and restoration of MMP are the key factors in
cytoprotection afforded by NG. Recently, it has been
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Mechanism of CCl4 induced oxidative stress in HuH-7 cells
		
and protection by NG
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Figure 18 Proposed sequence of events and mechanism involved in the
toxicity of CCl4 and cytoprotection offered by NG. CCl4 is activated by CYP
450 2E1 system and converted into trimethyl CCl3 radicals inducing oxidative
stress (increased ROS inducing membrane lipid peroxidation) and disturbed
cellular Ca2+ homeostasis. Increase in intracellular Ca2+ concentrations leads to
activation of phospholipase A2 and a decline in cAMP levels. All these signaling
events converge onto the mitochondrial-initiating mitochondrial pore transition
and ultimately to cellular injury. The highly increased levels of ROS is, in part,
the consequence of the increase in Ca2+, and also as a result of mitochondrial
permeabilization resulting in activation of Ca2+ dependent proteases. NG exerts
a protective effect via inhibition of oxidative stress, maintenance of disrupted
intracellular calcium homeostasis and inactivation of Ca2+-dependent proteases.

suggested that calcium levels do not play a direct role
in toxicity[26], but that activation of PLA2, promotion
of the mitochondrial per meability transition and
loss of mitochondrial function, which are secondary
manifestations of increased calcium levels, form a
general pathway involved in the toxicity: all these events
were restored to normal by NG.
As the main antioxidant inside mammalian cells,
GSH plays a pivotal role in preventing oxidative stress
and mitochondrial damage caused by numerous toxins[49].
Therefore, the effect of CCl4 in the absence or presence
of NG on GSH content was evaluated. CCl4 treatment
drastically depleted intracellular GSH in HuH-7 cells,
an effect prevented in the presence of NG (Figure 16).
Accordingly, the maintenance of intracellular GSH levels
by NG may help in protecting against the oxidative
toxicity induced by CCl4 in HuH-7 cells and avoid cell
degeneration and death. Previously as well, depletion of
GSH has been shown to enhance CYP2E1 resulting in
CYP2E1-derived ROS leading to toxicity[50].
Decreased MMP has been proposed to be a key
mechanism by which CYP2E1-dependent LPO causes
loss in cell viability. Mitochondria are a main source
for generating ROS and, hence, a target for damage by
oxidative stress[51]. In this respect, CCl4 treatment caused
a decrease in the MMP in HuH-7 cells, and this effect
was prevented by NG as well as by silymarin (Figure 11).
These results suggest that NG and silymarin may protect
the cells by preventing oxidant-induced MMP transition
leading to pathogenesis of necrotic or apoptotic cell
death[52]. It has been proposed earlier that mitochondrial
injury derived from oxidative damage can lead not only
to necrosis by depleting ATP, but also to apoptotic cell
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death by inducing the release of mitochondrial factors
such as cytochrome C, which activates the caspase
cascade[53, 54].
Regardless of its precise mechanism of action,
numerous studies in various animal models and in
humans describe protective effects of NG against
oxidative stress-related disease states[2-15]. This enhances
its potential usefulness as a preventive agent toward
oxidative damage involved in the development of liver
injury caused by oxidative stress. Since NG acts as a very
potent membrane stabilizer, it is also suggested that NG,
may be acting as amphipathic substance, localizing near
the membrane surface, trapping any radicals generated in
the lipid environment of the membranes as well as in the
cytosol. Such localization is suggested from the fact that
CYP2E1 is found in the microsomes, and mitochondria
appear to be a target for the CYP2E1-mediated damage
in the presence of hepatotoxins such as CCl4, which was
effectively inhibited by NG. Moreover, NG is well tolerated
without adverse health effects by humans even after oral
administration at high doses as evident from its use in
Asian traditional medicine practices for various ailments.
In conclusion, this report shows that NG can protect
against CCl4-induced toxicity and oxidative stress. The
mechanism of protection involves decreased production
of ROS and lipid peroxidation when the CYP2E1
mediated oxidative stress was produced in HuH-7 cells
with pro-oxidant as CCl4. The main mechanism involved
in the cytoprotection of NG seems to be its ability
to protect the mitochondria against depletion in its
membrane potential, an event that is very critical in the
loss of cell viability as a consequence of oxidative stress.
This mechanism has been postulated in the Figure 18. NG
has been shown to prevent CCl4-induced liver injury, which
may be, in part, due to the protection against CYP2E1dependent oxidative stress as demonstrated in this study.
NG supplementation could also prove to be protective
against numerous toxicants that involve induction of
oxidative stress through increased generation of ROS.
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Abstract
AIM: To investigate the peripheral T-lymphocyte
subpopulation profile, and its correlations with hepatitis
B virus (HBV) replication level in chronic HBV-infected
(CHI) individuals with normal liver function tests (LFTs).
METHODS: Frequencies of T-lymphocyte subpopulations in peripheral blood were measured by flow
cytometry in 216 CHI individuals. HBV markers were
detected with ELISA. Serum HBV DNA load was
assessed with quantitative real-time PCR. Information
of age at HBV infection, and maternal HBV infection
status was collected. ANOVA linear trend test and
linear regression were used in statistical analysis.
RESULTS: CHI individuals had significantly decreased
relative frequencies of CD3 +, CD4 + subpopulations

www.wjgnet.com

and CD4 + /CD8 + ratio, and increased CD8 + subset
percentage compared with uninfected individuals (all
P < 0.001). There was a significant linear relationship
between the load of HBV DNA and the parameters
of T-lymphocyte subpopulations (ANOVA linear trend
test P < 0.01). The parameters were also significantly
worse among individuals whose mothers were known
to be HBV carriers, and those having gained infection
before the age of 8 years. In multiple regressions,
after adjustment for age at HBV infection and status
of maternal HBV infection, log copies of HBV DNA
maintained its highly significant predictive coefficient
on T-lymphocyte subpopulations, whereas the effect of
HBeAg was not significant.
CONCLUSION: HBV DNA correlates with modification
in the relative T-lymphocyte subpopulation frequencies.
High viral load is more powerful than HBeAg in
predicting the impaired balance of T-cell subsets.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global public
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health problem. It is estimated that approximately 2
billion people have serological evidence of past or
present HBV infection and more than 350 million
individuals worldwide are chronically infected with
HBV[1]. In infected adolescents or adults, 5%-10% will
develop into a chronic carrier state, whereas in infected
neonates up to 90% develop chronicity [1-2] . HBV
infection is especially prevalent in African and Asian
countries such as Korea, Japan, Taiwan and mainland
China because most patients with chronic HBV infection
have acquired the infection perinatally from carrier
mothers[3]. China has the highest prevalence of HBV,
with over one-third of the world’s total estimated HBV
carriers. Out of the chronic HBV-infected patients,
70%-80% could have persistent normal liver function
for many years or a lifetime[1-2]. Further persistent viral
infection can, however, lead to subclinical hepatitis and
chronic active hepatitis, even liver cirrhosis and the
development of hepatocellular carcinoma[1-2].
The pathogenesis of persistent viral infection and
hepatitis B is complex. Generally, it is not HBV itself
that damages hepatocytes directly, but the result of
function disorder of cell-mediated immunity [4-6]. The
cellular immune response to HBV is thought to be
responsible for viral clearance, and disease pathogenesis
during infection. The T-cell response to HBV is vigorous,
polyclonal, and multispecific in acutely infected patients
who successfully clear the virus, and it is relatively weak
and narrowly focused in chronically infected patients[7-8].
The outcome of HBV infection would depend upon the
balance between development of immunity (leading to
virus elimination) and tolerance (leading to chronic viral
persistence). HBeAg may play an important role in the
interaction of the virus with the immune system. Secreted
HBeAg has been proposed to have an immunoregulatory
function in uterus by establishing T-cell tolerance to
HBeAg and HBcAg that may predispose neonates born
to HBV-infected mothers to develop persistent HBV
infection[9]. Recent studies have further demonstrated
an immunomodulatory role of HBeAg in antigen
presentation and recognition by CD4+ cells[10].
It is essential to study the HBV replication status and
its effects on cellular immune function in normal LFTs
chronic HBV-infected (CHI) individuals. Firstly, they
are the majority of chronic HBV-infected individuals;
secondly, the understanding of the immune response upon
HBV infection is useful to develop appropriate therapeutic
strategies for controlling viral hepatitis and disease
progression, as well as to improve current knowledge
regarding persistent HBV infection prognosis. However,
the correlations between HBV-specific T-cell response, and
HBV viral load and HBeAg expression in CHI individuals
are complicated. So are the effects of age at first infection
and maternal HBV infection status. The aim of the work
reported herein was to evaluate the peripheral blood
T-lymphocyte subpopulation profile, and its correlations
with HBV replication level, and to determine further
which active marker of HBV active replication, HBV
DNA or HBeAg is more powerful in predicting peripheral
T-lymphocyte subpopulation in CHI individuals.
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MATERIALS AND METHODS
Enrollment of study subjects
Two hundred and sixteen consecutive CHI individuals
with normal LFTs were recruited from the Department
of Infectious Diseases and of Hepatology of the First
Affiliated Hospital of Kunming Medical University, the
Third Municipal People’s Hospital of Kunming and the
Yunnan General Hospital of The Chinese People’s Armed
Police Forces, between January 2004 and May 2007.
The following criteria were fulfilled by all individuals:
(1) steady positivity for HBsAg in their serum for at
least 12 mo and persistently normal liver function tests;
and (2) exclusion of other concomitant causes of liver
disease (hepatitis C, D and HIV infection and alcohol
consumption of more than 60 g/day) and relatively rare
liver disease (autoimmune hepatitis and metabolic liver
disease) and treated with immunosuppressive therapy
or antiviral therapy for HBV-infection within the recent
12 mo before entry. None of the patients was a drug
user, or exposed to hepatotoxin. Informed consent was
obtained from each study subject. The study protocol
conformed to the guidelines of Declaration of Helsinki
and was approved by ethics committees of the Faculty
of Medicine of Prince of Songkla University and the
First Affiliated Hospital of Kunming Medical University.
One hundred individuals who were free of HBsAg
were identified from individuals coming to the outpatient ser vice for a health check-up; 61 of the
participants were male, 39 were female; mean age, 33.24
(SD, 10.28) years. These served as the control group for
comparison of T-lymphocyte subpopulation with those
who had HBV infection.
Serological liver function tests and hepatitis B virus
markers evaluation
Serum alanine amino-transferase (ALT), aspartate
transaminase (AST) and total bilirubin (TBil) were
tested with routine automated techniques (upper limit
of normal: 40 U/L, 40 U/L and 17.1 μmol/mL,
respectively) (AU2700, Japan). HBV markers (HBsAg,
HBsAb, HBeAg, HBeAb, HBcAb, and anti-HBcAb IgM)
were measured at a virological laboratory with enzymelinked immunosorbent assay (ELISA) (Anthos 2010,
Austria). The experimental methods followed those
specified within the reagent kit (Sino-American Biotech
Co., Ltd) package insert.
Quantitative measurement HBV DNA (viraemia)
Serum HBV DNA load in individuals was assessed by
the real-time fluorescent quantitative polymerase chain
reaction method (Real-Time-PCR) using a Lightcycler
PCR system (FQD-33A, Bioer) with a lower limit of
detection of approximately 1000 viral genome copies/
mL. The handling procedures were performed in strict
accordance with the reagent kit (Shenzhen PG Biotech
Co., Ltd.) package insert. The primer was provided in
the kit, the reaction volume was 40 μL, and the reaction
condition was 37℃ for 5 min, 94℃ for 1 min then 40
cycles as 95℃ for 5 s and 60℃ for 30 s.
www.wjgnet.com
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Peripheral blood T lymphocyte subsets measurement
The key components of cellular immunity are T-lymphocyte and its subpopulations. CD3+, CD4+ and CD8+ cells
are major functional subgroups of T cells, and play an
important role in response to HBV infection, which can
reflect the situations of cellular immune function and
immunoregulation, and are usually regarded as a valuable
index to forecast the changes of patients’ immunity[4-5].
These indices were chosen in our study for evaluating
cellular immune function status of normal LFTs CHI
individuals.
Blood samples were collected in heparinized vacutainer
tubes. Whole blood samples were analyzed with a MultiQ-Prep processor (Coulter, USA) and thereafter EpicsXL flow cytometry (FCM) (Coulter, USA). Lymphocytes
were analyzed using a gate set on forward scatter
versus side scatter, and a three color flow cytometry
to combination reagent of CD3, CD4 and CD8. Antihuman monoclonal antibodies CD3-PE-CY5/CD4FITC/CD8-PE were purchased from Immunotech, Ltd,
USA. The detection was analyzed with the CELLQuest
software (Coulter, USA) for each sample. The results
were expressed as the percentages of CD3+, CD3+/CD4+
(short for CD4+ below) and CD3+/CD8+ (short for CD8+
below) cells found to be positive for the marker antigen
in the total T-cell population. The handling procedures
were performed in strict accordance with the instructions
within the reagent kit package insert.
Maternal HBV infection status (MH)
All mothers of the subjects were reviewed in medical
records for previous HBV infection and most of those
who were infected could be identified. In addition, all
of them were invited to undergo HBV-marker tests. For
those with a positive result, a second set of tests was
conducted 3 mo after the first test to confirm chronic
HBV carrier status. If the mother had died, the cause
of death was investigated based on medical records and
history taking whether it was from HBV-related liver
diseases such as chronic hepatitis B, HBV-related liver
cirrhosis or hepatocellular carcinoma. If so, the MH was
classified as positive.
Age at HBV infection
In the recent three decades in China, all children have
been obligated to be tested for HBV markers when
they first enter kindergarten and elementary schools.
Subsequent obligatory tests are made when they apply
for university or for a job. The results of these tests were
obtained from medical records and interview. Based on
this setting, we classified the age of first positive test as
before 8 years, between 8-20 years and after 20 years.
Statistical analysis
Initial calculation came up with a sample size of 50
subjects with HBV DNA positive and the same number
of HBV DNA negative group. This could provide the
study with a statistical power of 80% at the 0.025 level
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of significance to detect a difference in T-cell variation
values of 33 versus 38. However, to cover the problem
of being potentially confounded by other variables and
to have enough subjects for stratifying levels of HBV
DNA load to examine dose-response relationship,
we ultimately recruited 216 CHI individuals and 100
controls.
Descriptive statistics were used to examine the age,
gender, serum HBV viral load, HBeAg status, age at
HBV-infection and maternal HBV infection status.
The levels of T-lymphocyte subpopulation in normal
individuals (HBsAg-negative) were summarized as means
and standard deviation to serve as a control reference.
Effects of various independent demographic, clinical
and serological variables on T-cell profile were analyzed
only among HBsAg-positive individuals. In univariate
analysis, breakdown of these profiles by individual
independent variables was carried out. Independent
t test was done for 2-level independent variables and
one-way ANOVA for more than 2-level variables. The
relationship of HBV replication level and peripheral
T-lymphocyte subpopulation was analyzed by correlation
analysis and ANOVA linear trend test. Finally, multiple
linear regression models were employed in multivariate
analysis to assess the independent effects of variables
on peripheral blood T lymphocytes. Variables yielding
a P value ≤ 0.2 in the univariate analysis were included
in the multivariate analysis, and the models were refined
by backward elimination guided by the change in log
likelihood of successive models. A final P value of
less than 0.05 was considered statistically significant.
Computations were carried out with the aid of R
softwere version 2.5.1[11].

RESULTS
Demographic characteristics and clinical features of CHI
individuals
Demographic, serological, and clinical characteristics of
the CHI individuals are summarized in Table 1. They
were predominated by male (57.9%). One hundred and
twenty four (57.4%) were less than 30 years old.
Of the CHI individuals, 37% got the infection before
the age of 8 years. Almost three quarters had detectable
serum levels of HBV DNA. Among these, the majority
(68.4%, 93/136) had over 107 copies per milliliter. Just
over half of them were HBeAg positive (56.5%).
Around 60% of the individuals’ mothers were HBV
positive. Among these individuals, nearly half had young
age of infection and five-sixths had detectable serum
levels of HBV DNA, of whom the majority (79.2%) had
high viral load. Over 75% were HBeAg positive, whereas
non-MH individuals were characterized by high age of
infection, low viral load and low positivity of HBeAg.
Of those who had young age at infection, 80%
(64/80) were HBeAg positive, and the majority (69/80)
had detectable serum levels of HBV DNA, of whom
nearly 74% (51/69) had high viral load.
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Table 1 Characteristics of chronic HBV-infected individuals with normal liver function tests
Characteristics

All individuals
(n = 216)

Maternal HBV-infection status (MH)
Individuals with
MH (n = 129)

Sex (male/female)
Mean age (yr)
Age of HBV-infection (yr) (%)

125/91
31.53 ± 11.23

75/54
29.11 ± 11.44

<8
8-20
> 20
Unknown
HBV DNA positive (%)
Serum HBV DNA (copies/mL) (%)

80 (37.0)
56 (25.9)
58 (26.9)
22 (10.2)
136 (63.0)

62 (48.1)
36 (27.9)
21 (16.3)
10 (7.8)
106 (82.2)

3

≤ 1.0 × 10

80 (37.0)
14 (6.5)
29 (13.4)
93 (43.1)
5.90 ± 2.61
122 (56.5)

3

1.0 × 10 -1.0 × 105
1.0 × 105-1.0 × 107
> 1.0 × 107
HBV DNA load (log, copies/mL)
HBeAg positive (%)

Individuals without
MH (n = 87)

P

50/37
35.13 ± 9.94

0.9221
< 0.0012
< 0.0011

18 (20.7)
20 (23.0)
37 (42.5)
12 (13.8)
30 (34.5)

23 (17.8)
5 (3.9)
17 (13.2)
84 (65.1)
7.13 ± 2.36
97 (75.2)

< 0.0011
< 0.0011

57 (65.5)
9 (10.3)
12 (13.8)
9 (10.3)
4.07 ± 1.74
25 (28.7)

< 0.0012
< 0.0011

Chi-square test P value; 2Student t test P value; HBV: Hepatitis B virus; MH: Maternal HBV-infection status.

1

Table 2 Peripheral T-cell subsets in normal control and CHI individuals broken down by various factors (mean
± SD)
Groups

n

CD3+ (%)

CD4+ (%)

CD8+ (%)

CD4+/CD8+ ratio

100
216

71.07 ± 4.76
57.35 ± 13.81

38.94 ± 3.39
32.97 ± 7.00

24.02 ± 4.35
33.08 ± 7.99

1.67 ± 0.33
1.07 ± 0.41

87
129

64.67 ± 10.74
52.42 ± 13.49

35.75 ± 6.08
31.10 ± 6.98

28.71 ± 5.56
36.03 ± 8.04

1.29 ± 0.35
0.93 ± 0.38

80
56
58
22

66.35 ± 8.19
66.46 ± 9.33
69.35 ± 9.85
69.35 ± 9.85

30.78 ± 7.03
31.65 ± 5.06
36.37 ± 7.31df
35.35 ± 6.62a

35.36 ± 7.12
35.80 ± 7.79
28.22 ± 7.11dh
30.69 ± 7.48bf

0.91 ± 0.30
0.93 ± 0.28
1.37 ± 0.46dh
1.24 ± 0.46af

80
14
29
93

65.84 ± 9.39
65.36 ± 5.15
66.20 ± 9.99
46.09 ± 10.52

37.11 ± 6.29
34.70 ± 2.79
33.66 ± 6.39
28.94 ± 5.95

28.12 ± 5.65
28.66 ± 6.21
32.40 ± 6.54
38.23 ± 7.21

1.38 ± 0.40
1.28 ± 0.38
1.06 ± 0.24
0.79 ± 0.22

94
122

64.45 ± 10.44
51.89 ± 13.63

35.81 ± 6.69
30.78 ± 6.46

29.05 ± 6.43
36.19 ± 7.69

1.30 ± 0.42
0.89 ± 0.31

1

HBV status
Negative
Positive
Maternal HBV-infection status1
Negative
Positive
Age at HBV-infection (yr)
<8
8-20
> 20
Unknown
HBV DNA load (copies/mL)2
3

≤ 1.0 × 10
3

1.0 × 10 -1.0 × 105
1.0 × 105-1.0 × 107
> 1.0 × 107
HBeAg status1
Negative
Positive
1

P < 0.001 for all comparisons of +ve vs -ve for each measure and each T-cell parameter; 2 P < 0.01 for ANOVA linear trend test;
P < 0.05, bP < 0.01, dP < 0.001 vs < 8 yr group; fP < 0.01,hP < 0.001 vs 8-20 yr group.

a

Peripheral T lymphocyte subpopulation composition in
CHI individuals with normal LFTs
CHI individuals had significantly decreased relative
frequencies of CD3 + and CD4 + subpopulations
and CD4 +/CD8 + ratio, and increased CD8 + subset
percentage compared with the control group. Univariate
analyses showed that the impaired balance of T-cell
subsets was significantly associated with high viral
load, presence of serum HBeAg expression, history of
maternal HBV-infection and low age at HBV-infection
(Table 2). Linear dose-response relationship between
the level of T-lymphocyte subpopulation and log copies
of HBV DNA was also highly significant (linear trend
test P value <0.01). Correlation between T-lymphocyte
subpopulations and viral load is also shown in Figure 1

(r = -0.67, -0.54, 0.61, -0.67, respectively, for CD3+,
CD4+, CD8+ and CD4+/CD8+ ratio; all P < 0.0001)
and Figure 2.
Linear regression predicting peripheral blood
T-lymphocyte subpopulation from relevant parameters
In Table 3, linear regression models are separately
summarized for CD3 + , CD4 + and CD8 + cells and
CD4+/CD8+ ratio, which are the dependent variables.
After adjustment for all independent variables listed in
the table, serum level of HBV viral load was the only
significant predictor for each outcome variable, whereas
the effects of HBeAg and other variables were not
significant.
Figure 3 shows the relationship between T-lymwww.wjgnet.com
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Figure 1 Correlation between peripheral T-cell subsets and serum HBV viral load. The numbers in the boxes refer to correlation coefficients. There is a negative
correlation between the CD3+and CD4+ cells and CD4+/CD8+ ratio and serum viral load in CHI individuals with normal LFTs (r = -0.67, -0.54, -0.67; P < 0.0001), and a
positive correlation between the levels of CD8+ cells and viral load (r = 0.61, P < 0.0001).

Table 3 Multiple linear regression predicting peripheral blood T lymphocyte subpopulation (n = 216)
CD3+ T lymphocyte

β
Intercept
Serum HBV load
(log, copies/mL)1
HBeAg negative
Age at HBV-infection(yr)2
8-20
> 20
Unknown
Maternal HBV-infection status

SE

79.54
-3.65

3.03
0.43

0.05

1.98

P

CD4+ T lymphocyte

β

SE

< 0.0001

40.09
  -1.38

1.78
0.25

0.98

0.61

1.16

0.06
-1.53
-4.77
1.28
2.17

1.8
2.08
2.55
1.74

0.21

CD8+ T lymphocyte

P

β

< 0.0001

25.78
1.36

1.88
0.26

< 0.0001

  1.5
-0.08

0.09
0.01

0.5

1.22

   0.69

-0.02

0.06

0.6

SE

0.63
0.27
1.2
1.64
0.31

1.05
1.22
1.49
1.02

CD4+/CD8+ ratio

0.77

P

β

SE

  0.19
1.52
  -1.28
  -0.77
  -2.45

1.11
1.28
1.58
1.08

  0.02

P
< 0.0001
  0.74
   0.02

-0.03
  0.15
  0.13
  0.06

0.05
0.06
0.08
0.05

  0.27

β : Coefficients from the model; SE: Standard error. 1Continuous variable; 2control group, < 8 yr of age at HBV infection.

phocyte subpopulations and viral load stratified by age
at HBV infection. There was no significant difference
of T-cell subsets among groups of age at HBV infection
after adjustment for serum level of HBV viral load. A
similar pattern is also seen in the figures that show the
relationship between T-lymphocyte subpopulations and
viral load stratified by maternal HBV carrier status and
by HBeAg status in CHI individuals with normal LFTs
respectively.
www.wjgnet.com

DISCUSSION
This study demonstrated an impaired balance of the
T-cell subsets related to an increased proportion of
CD8 + T-lymphocytes and decreased proportion of
CD4+ T-lymphocytes and CD4+/CD8+ ratio in CHI
individuals who had normal liver function tests. The
level of the T-cell impairment had a linear dose-response
relationship with the load of HBV DNA. The study also

You J et al . HBV DNA predicts T-cell subsets
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Figure 2 Peripheral T-lymphocyte subpopulations by serum HBV viral load. Composition of T-cell subpopulations from peripheral blood of patients with various serum
HBV viral loads. Results are expressed as percentage of cells for each phenotype. Top of the box represents the 75th percentile, the bottom of the box represents
the 25th percentile, and the solid line in the middle of the box represents the median. Whiskers above and below the box indicate the 90th and 10th percentiles,
while circles represent outliers. Linear dose-response relationship between the level of T-lymphocyte subpopulations and copies of HBV DNA was highly significant
(linear trend test, P value < 0.001). On the figure, the marks “< 1.0e+03”, “e+03-e+05”, “e+05-e+07” and “> 1.0e+07” denote “< 103”, “103-105”, “105-107” and “> 107”,
respectively.

illustrated the strong independent effects of HBV DNA,
which eliminate the effects of maternal carrier status,
younger age of infection and HBeAg positivity.
Our findings indicate that normal LFTs chronic
HBV-infected individuals have an impaired balance of
T-cell profile. The same finding also has been proved by
previous researches in patients with chronic hepatitis B
(CHB) that the chronicity of HBV infection is caused by
a deficiency in cellular immune function, and hepatocytic
damage is mainly caused by immunological injury[12-21].
However, the mechanism has not been defined [5] .
Recently, the results have been reported by Tian et al[22]
that CD4+ and CD8+ T cells decreased in both 33 CHB
patients and 21 asymptomatic HBV carriers. Thus,
most evidence has come from research in experimental
animals[23-25] and in CHB patients[26-30].
Our results reveal that T-cell impairment was
significantly associated with viral replication level. The
substantial linear dose-response relationship and strong
independent predictive ability of HBV DNA, but not
of other variables, on T-cell subpopulations suggests
a close proximity between them in the causal pathway.
However, cross-sectional study nature of our data does
not allow us to identify the temporal direction of the
causal relationship between these two variables. Mizukoshi

et al[31] suggested that antiviral therapy of persistently
infected patients appeared to increase the frequency of
HBV-specific CD4+ T cell responses during the first
year of treatment. Boni et al[32-35] reported that antiviral
treatment can overcome CD8+ T cell hypo-responsiveness
in subjects with chronic HBV infection, suggesting that
the T cells are present, but suppressed. It was reported by
Pham et al[36] in 21 CHB patients that the ratio of CD4+/
CD8+ liver-derived lymphocytes, and not of peripheral
blood lymphocytes appeared to be related to the level of
HBV replication, and it revealed a positive correlation
with viral load. The evidence that efficient antiviral T cell
response can be restored by mono-antiviral treatment in
CHB patients concurrently with reduction of viremia,
indicates the importance of viral load in the pathogenesis
of T cell hypo-responsiveness in these patients.
The stronger independent effect of viral load on
the T-cell impairment and viral factor (viral variants)
might explain the disappearance of the effect of other
variables in multivariate analysis. Among our research
subjects, the majority were characterized by young age
of first HBV infection, maternal carrier status and high
viral load in serum, and also high HBeAg expression. As
a matter of fact, in addition to HBV DNA, HBeAg is
also a seromarker for high viral replication which plays
www.wjgnet.com
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different groups of age at HBV infection. The coefficients of the interaction term “HBV DNA: age-at-HBV-infection” are not statistically significant for each parameter of
T lymphocyte subpopulations (all P > 0.05). The P value indicates no significant influence of age at HBV infection on peripheral T-cell subpopulations.

a crucial role in chronicity of HBV infection and high
viral load by inducing immunological tolerance to HBV
in the fetus. The tolerating effect of HBeAg has been
well characterized in mice[37-39] and likely contributes to
the low level of core-specific T-cell responses present in
HBeAg+ chronic patients[4,5]. Clinical evidence supports
the tolerogenic effect of HBeAg[4,40]. Also, viral mutations
that abrogate or antagonize antigen recognition by virusspecific T cells have been reported in patients with
chronic HBV infection[41-42], although the results from
univariate analysis in our study showed that dysfunction
of T-cell was significantly related with HBeAg, which
later disappeared in multivariate analysis. One possible
reason is that some of the subjects were infected with
pre-C stop codon mutation virus (pre-C/C mutant),
which resulted in a loss of HBeAg. In these patients,
therefore, viral replication may persist despite elimination
of HBeAg and seroconversion to anti-HBe. While the
loss of HBeAg appears irrelevant for the biology of the
virus, it may play an important role in the interaction
of the virus with the immune system. This may weaken
the independent association between HBeAg and the
T-cell impairment so that the sample size in our study
cannot detect this magnitude of association. Those who
had maternal carrier history usually got infection at a
www.wjgnet.com

younger age (Table 1) and a higher HBV viral load was
detected in the majority of those who had infection at a
younger age. This phenomenon suggests that infection
from the mother and/or at younger age predisposes to
tolerance to HBV infection and, thus, higher viral load.
The strength of this study lies in the large sample
size of CHI individuals with normal LFTs and the
measurements of T-lymphocyte subpopulations
using modern advanced flow cytometric technology
and viral load by the quantitative real-time PCR
method. A limitation of this study is the unknown
age at HBV-infection of 22 individuals, the specificity
of T-lymphocyte subpopulations, and liver-derived
T-lymphocyte were not explored concurrently. Although
the strong relationship of T-lymphocyte subpopulations
with viral load is illustrated, further studies are needed to
confirm the causal relationship between them.
Our results, which suggest that high viral load
contributes to the impaired balance of the T-cell
subsets in normal LFTs CHI individuals, have practical
implications for understanding of pathogenesis
and controlling of persistent viral infection, disease
progression and prognosis because these individuals
are also at risk of persistent viral infection leading to
sub-clinical hepatitis, and chronic active hepatitis, even

You J et al . HBV DNA predicts T-cell subsets

liver cirrhosis and the development of hepatocellular
carcinoma[1-3]. Perhaps, we should take this contribution
into account in designing interventional strategies such
as anti-viral therapeutic and/or immunotherapeutic
strategies to prevent the progression and long-term
consequences, which have been proved effective in CHB
patients. Further clinical studies are needed to explore
this possibility not only in CHB patients but also in
normal LFTs chronic HBV-infected individuals.
In conclusion, we found that a strong independent
predictive effect of HBV DNA load on T-lymphocyte
subpopulations suggests a close proximity in the
causal pathway between HBV viral load and the T-cell
impairment. This information is of great interest
because, first, it will be possible to predict the variation
of T-lymphocyte subpopulations in peripheral blood
in the future by measuring serum viral load level in
chronic HBV-infected individuals with normal LFTs and
second, this parameter can be monitored in blood easily
and cheaply. Therefore, the measurement of viral load
in serum of individuals suffering from chronic HBV
infection could represent a simple parameter for the
evaluation of cellular immune function status.
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age and gender distribution, chest pain prevalence,
acid exposure time (AET ) and symptom/reflux
association existed between IOM subsets, or between
subsets and controls.
CONCLUSION: IOM patients with LASC exhibit a
different symptom profile to those with LAP, but do
not differ in gastro-oesophageal reflux prevalence.
These findings raise the possibility of different
pathophysiological mechanisms in IOM subsets, which
warrants further investigation.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To compare the demographic and clinical
features of different manometric subsets of ineffective
oesophageal motility (IOM; defined as ≥ 30% wet
swallows with distal contractile amplitude < 30
mmHg), and to determine whether the prevalence
of gastro-oesophageal reflux differs between IOM
subsets.
METHODS: Clinical characteristics of manometric
subsets were determined in 100 IOM patients (73
female, median age 58 years) and compared to those
of 100 age-and gender-matched patient controls
with oesophageal symptoms, but normal manometry.
Supine oesophageal manometry was performed
with an eight-channel DentSleeve water-perfused
catheter, and an ambulatory pH study assessed gastrooesophageal reflux.
RESULTS: Patients in the IOM subset featuring a
majority of low-amplitude simultaneous contractions
(LASC) experienced less heartburn (prevalence
26%), but more dysphagia (57%) than those in the
IOM subset featuring low-amplitude propagated
contractions (LAP; heartburn 70%, dysphagia 24%;
both P ≤ 0.01). LASC patients also experienced less
heartburn and more dysphagia than patient controls
(heartburn 68%, dysphagia 11%; both P < 0.001).
The prevalence of heartburn and dysphagia in IOM
patients featuring a majority of non-transmitted
sequences (NT) was 54% (P = 0.04 vs LASC) and 36%
(P < 0.01 vs controls), respectively. No differences in
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INTRODUCTION
The term ineffective oesophageal motility (IOM), the
most common variant of oesophageal dysmotility, was
introduced in 1997 to replace the term “non-specific
oesophageal motility disorder”[1], as the former term
appears to better reflect the functional and clinical
relevance of manometric alterations[2,3]. IOM is defined
manometrically as ≥ 30% of swallow sequences
with a contractile amplitude < 30 mmHg in the distal
oesophagus[4]. Such a definition, however, encompasses
three abnor mal contractile patterns, namely lowamplitude propagated contractions (LAP), low-amplitude
simultaneous contractions (LASC), and non-transmitted
contractions. IOM is, therefore, diagnosed if there is a
combination of these abnormal contractile patterns.
It is not known if the predominant oesophageal
symptom (heartburn, dysphagia, chest pain) experienced
by IOM patients is associated with the predominance
www.wjgnet.com
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of one of these ineffective manometric patterns. In
addition, although gastro-oesophageal reflux disease
(GORD) has been associated with IOM [5-7], it is not
known whether particular manometric subsets of IOM
display a higher prevalence of GORD.
This study was thus aimed at (1) comparing the
demographic and manometric features of IOM patients
with different predominant symptoms (heartburn,
dysphagia, chest pain); (2) comparing the demographic
and clinical features of different manometric subsets of
IOM; (3) comparing the clinical features of IOM subsets
with those of patients with oesophageal symptoms, but
normal oesophageal manometry; and (4) determining
whether the prevalence of gastro-oesophageal reflux
differs between the IOM manometric subsets.

MATERIALS AND METHODS
Patients
A total of 100 consecutive patients (73 females,
mean ± SD age 56 ± 18 years) were studied. Patients
with oesophageal symptoms were referred to the
Gastrointestinal Investigation Unit of the Royal
North Shore Hospital. All patients fulfilled the current
manometric criteria for IOM: ≥ 30% of wet swallows
with low-amplitude propagated sequences (distal
contractile amplitude < 30 mmHg), LASC, or nontransmitted contractions [4]. Swallow sequences were
considered to be simultaneous when propagation
velocity was > 8 cm/s between two or more manometric
channels, and were considered to be non-transmitted
when contractile amplitude was ≤ 10 mmHg at any site.
A group of 100 age- and gender-matched patients (73
females, age 56 ± 20 years) referred with oesophageal
symptoms, but exhibiting nor mal oesophag eal
manometry[8] served as a patient control group. Patients
in the two groups had undergone upper gastrointestinal
endoscopy and/or barium studies to exclude structural
disease of the oesophagus, apart from the presence of
reflux oesophagitis and sliding hiatus hernia. Patients with
systemic diseases that could alter oesophageal motility,
such as diabetes mellitus or scleroderma, were excluded.
The study was approved by the Human Research Ethics
Committee of the Northern Sydney Area Health Service.
Symptom assessment
A standardized symptom assessment was completed by
all patients. This assessment comprised the Rome Ⅱ
Integrative Questionnaire[9] with an additional evaluation
of oesophageal symptoms. This additional evaluation
determined the predominant (i.e. most troublesome)
oesophageal symptom (heartburn, dysphagia, chest
pain, or others)[10] and the time period since its first
appearance. The usual intensity, frequency, and duration
of all reported symptoms were assessed, and symptom
severity scores for heartburn, dysphagia, and chest
pain were calculated as the product of these intensity,
frequency, and duration data.
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Oesophageal manometry
All patients were studied after an overnight fast.
Oesophageal manometry was performed using an eightchannel DentSleeve water-perfused manometric catheter
with an external diameter of 4.5 mm (DentSleeve Pty.
Ltd., Belair, SA, Australia) and a computer-based data
acquisition and charting system (Acquidata, Neomedix
Systems, Warriewood, NSW, Australia). The catheter was
introduced transnasally and swallowing was recorded
via a port positioned in the pharynx, 25 cm above the
proximal end of the hydraulic sleeve segment of the
catheter. Oesophageal contractions were measured by
ports located 5, 10, 15, and 20 cm above the proximal
end of the sleeve and gastric pressure by a side hole
1 cm below the distal end of the 6 cm long sleeve.
Each patient made approximately 10 swallows, each of
5 mL water of room temperature, in the seated position to
acclimatize to the procedure. The patient was then placed
in the supine position, and a minimum of 10 supine
water swallows, each of 5 mL water, with at least 30 s in
between swallows, were performed. A station pull-through
technique was then used to accurately locate the position
of the lower oesophageal sphincter (LOS). The LOS
function was assessed by measuring mid-respiratory LOS
resting pressure and swallow-induced LOS relaxation[8].
24-h pH monitoring
A subset of patients (54 IOM, 72 patient controls
with normal manometry) underwent an ambulatory
oesophageal pH study. A probe with an antimony pH
sensor (Flexilog, Oakfield Instruments Ltd., Eynsham,
England) was introduced transnasally and the sensor was
positioned 5 cm above the upper edge of the LOS, which
was determined manometrically as described above. The
probe was connected to a data logger (Digitrapper Mark
Ⅱ, Synectics, Sweden), which sampled pH at 5-s intervals
for approximately 24 h. Mealtimes, symptom events,
and supine periods were recorded in a patient diary. The
computerized analysis (Esophagram, Synectics, Sweden)
included the percentage of time pH was below 4 (Acid
Exposure Time, AET)[11], and the symptom association
probability (SAP)[12] was calculated when possible.
Data analysis
Analysis based on predominant symptom: Proportions of total abnormal swallows, and proportions
of LAP, LASC, and non-transmitted sequences
(NT) were calculated for each of the three main
predominant symptoms (heartburn, dysphagia, chest
pain). Differences in proportions were then determined
between symptom subgroups.
A n a l ysi s b a sed o n p r ed o mi n an t co n tractile
abnormality: All IOM manometric studies were further
categorized into the following three subsets according to
the predominant contractile abnormality contributing to
the 30% or more abnormal swallows: those exhibiting a
majority of LAP, those exhibiting a majority of LASC,

Haack HG et al . Clinical features of IOM subsets
Table 1 Gender, age, time since onset of symptom, and
proportion of total abnormal swallows in IOM patients
according to the predominant oesophageal symptom1
Gender
(F:M)

Heartburn
Dysphagia
Chest pain

Median time Total abnormal
Median
swallows
since symptom
age
(mean ± SD)
onset (yr)
[yr (range)]
(%)

37:16
28:8
8:1

57 (26-82)
63 (19-86)
59 (31-76)

6.7
2.5
6.1

69 ± 22
68 ± 22
61 ± 25

1

Two male patients reported “other” predominant symptoms (hiccoughs,
halitosis).

Low-amplitude propagated
sequences (%)

A

40

Low-amplitude simultaneous
contractions (%)

B

10

Non-transmitted
sequences (%)

Heartburn

Dysphagia

Chest Pain

40

P < 0.01

20
10
0

C

RESULTS

20

30

Heartburn

Dysphagia

Chest Pain

Heartburn

Dysphagia

Chest Pain

40

30
20
10
0

between symptom subgroups, and differences in symptom
prevalence between manometric subsets. Age differences
between subsets, and between IOM patients and patient
controls, were determined via Kruskal-Wallis tests with
post-hoc Mann-Whitney U comparisons. Similarly,
differences between symptom subgroups in proportions
of contractile abnormalities and in LOS pressure and
AET were determined via one-way analysis of variance
(ANOVA) with post-hoc Scheffe tests. Correlation and
regression analysis was used to describe relationships
between variables. All analyses were performed using the
SPSS statistical program (Release 14, SPSS Inc., Chicago,
IL), with P < 0.05 considered significant.

P = 0.01

30

0

3721

Figure 1 Proportions of low-amplitude propagated sequences (A), LASC (B),
and NT (C) in the three predominant symptom subgroups. Proportions are
expressed as (mean ± SE) % of total swallows.

and those exhibiting a majority of NT. Differences in
clinical features between these three subsets were then
determined.
Statistical analysis: Results are presented as mean ±
SE, unless otherwise stated. χ2 and Fisher’s exact tests
were used to determine differences in gender distribution

Analysis based on the predominant symptom
Symptom, gender, and a ge distribution: The
prevalence of predominant heartburn, predominant
dysphagia, and predominant chest pain in IOM patients
was 53%, 36%, and 9%, respectively. The prevalence of
heartburn was significantly lower in IOM patients than
in patient controls (68%, P = 0.03), and the prevalence
of dysphagia was significantly higher in IOM patients
than in patient controls (11%, P < 0.001).
There were no significant differences in gender and
age distribution, and in time period since symptom
onset, between the three symptom subgroups in IOM
(Table 1).
Propor tions of abnor mal swallows: The mean
proportion of LAP was significantly higher in patients
with heartburn than in those with dysphagia, and the
mean proportion of LASC was significantly higher in
patients with dysphagia than in those with heartburn.
The mean proportion of NT was similar across the three
symptom subgroups (Figure 1; ANOVA and post-hoc
tests). The proportion of total abnormal swallows did not
differ between the three symptom subgroups (Table 1).
When all reported symptoms were considered (i.e.
predominant symptom plus additional symptoms), the
relationships between symptom severity scores and
proportions of abnormal sequences were examined.
There were positive correlations between dysphagia
severity score and proportion of LASC (r = 0.2, P = 0.05),
and between chest pain severity score and proportion of
LAP (r = 0.22, P < 0.05).
LOS mid-respiratory resting pressure: Mean LOS
pressure was significantly higher in patients with
predominant dysphagia (12.5 ± 1.2 mmHg) than in those
with heartburn (9.2 ± 0.6 mmHg; P = 0.03). The mean
value for chest pain patients was 11.1 ± 1.0 mmHg.
Ambulatory pH data: The gender and age distribution
of the patients who underwent a pH study closely
reflected that of the total subject pool, and mean LOS
pressures of subgroups were almost identical to those
of the total subject pool. There were no significant
www.wjgnet.com
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Table 2 Gender and age distribution, and ambulatory
oesophageal pH data1, for IOM manometric subsets and for
patient controls who exhibited normal manometry
Gender Median age
(F:M) [yr (range)]
IOM-LAP
IOM-LASC
IOM-NT
Patient controls

25:12
17:7
31:8
73:27

58 (26-77)
60 (29-86)
61 (19-76)
58 (19-91)

AET2
(%)
8.8 ± 1.8
14.7 ± 5.1
11.6 ± 2.5
8.6 ± 0.8

Abnormal SAP+4
AET3 (%) (%)
58
90
81
69

52
60
33
51

pH data was available in 54 IOM patients and 72 patient controls; 2AET (%
of time pH < 4), reported as mean ± SE; 3% of patients with an AET > 4%;
4
Expressed as % of patients with a significant SAP value.
1

differences between the three subgroups in terms of
AET or proportion of patients with an abnormal AET,
or proportion with significant SAP values.
Analysis based on predominant contractile abnormality
Gender and age distribution: The gender and age
distribution for the three IOM manometric subsets and
the patient controls is shown in Table 2. There were
no statistical differences in gender and age distribution
b e t we e n p a t i e n t c o n t r o l s a n d a n y o f t h e I O M
manometric subsets, or between IOM subsets.
P r e d o m i n a n t s y m p t o m s : F i g u r e 2 s h ow s t h e
distribution of predominant symptoms for the three
manometric subsets and for patient controls. Heartburn
was highly prevalent (70%) in the LAP subset, but was
significantly less common (26%) in the LASC subset.
Conversely, dysphagia was more prevalent in LASC (57%)
than in LAP (24%) (χ2 tests). There were no significant
differences between IOM subsets, however, in severity
scores for heartburn, dysphagia or chest pain, or in time
since the onset of the primary symptom.
LOS mid-respiratory resting pressure: There were
no statistically significant differences between the mean
LOS pressures of the IOM subsets: values for LAP,
LASC, and NT were 10.1 ± 0.9, 11.3 ± 1.4, and 10.9 ± 0.8
mmHg, respectively. There was a trend (P = 0.05) for the
LAP subset to have a lower value than that of patient
controls (12.0 ± 0.5 mmHg).
Ambulator y pH data: There were no significant
differences in the prevalence of abnormal AET between
IOM subsets. Analysis of mean AET values between
the IOM subsets, and compared to patient controls, also
revealed no significant differences (Table 2). Similarly,
there were no differences in upright and supine AET
values between subsets and groups. There were no
significant SAP differences between the IOM subsets or
in comparison to the control group (Table 2).

DISCUSSION
Despite almost 10 years of usage of the category IOM,
and recent studies evaluating IOM with combined
intraluminal impedance and manometry[3], the extent
www.wjgnet.com
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Figure 2 Prevalence of predominant symptoms in the three manometricallydetermined IOM subsets, and in patient controls (CON) who exhibited
normal manometry. 1CON significantly higher than LASC (P < 0.001); 2CON
significantly lower than LASC (P < 0.001) and NT (P < 0.01) (χ2 tests).

to which the various contractile patterns of IOM differ
according to the predominant symptom has remained
largely unexplored. Our study in a large patient cohort
shows that IOM is indeed a heterogeneous clinical entity
with regard to the predominant symptom reported.
We focused on the type of contractile abnormality,
rather than solely considering the contractile amplitude.
The novel finding was that two specific contractile
patterns, namely LASC and LAP, were closely related
to predominant dysphagia and predominant heartburn,
respectively. Additional analyses provided further
support for these findings in that as the proportion
of LASC increased, the dysphagia severity score also
increased. Consistent with these findings, there were
notable differences in symptom distribution between
IOM manometric subsets, categorized according to the
most frequent type of contractile pattern in an individual
patient. Differences were particularly prominent between
patients with low-amplitude propagated sequences and
those with LASC; the latter experienced more dysphagia
and less heartburn than the former patients.
We did not find a difference in age distribution
between manometric subsets. Others have noted that
simultaneous contractions are more likely to occur in
older than in younger patients [13,14], especially in the
presence of severe GORD [15]. The effect of age in
relation to the occurrence of simultaneous contractions
in healthy volunteers, however, remains unclear, as one
study revealed no relationship between simultaneous
contractions and age[16], whereas a more recent study
did find a direct correlation between the proportion
of simultaneous contractions and age [17]. The most
recent study revealed differences in muscle thickness
between similarly-categorized IOM subsets, and a
significant correlation between muscle thickness, and the
occurrence of simultaneous contractions[14]. Whether
muscle thickness actually plays a causative role in the
pathophysiology of simultaneous contractions remains
unclear, and this needs to be further evaluated. It is
possible that the clinical profile of IOM patients with
a majority of LASC is similar to that of patients with
diffuse oesophageal spasm (DOS), a disorder that also
features intermittent simultaneous (but moderate- to
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high-amplitude) contractions [4] . Hence, treatments
currently considered for DOS patients[18-20] may prove
beneficial for selected IOM patients, and this should also
be further evaluated.
In the subset of IOM patients with mainly nontransmitted swallow patterns, it is feasible that this
pattern could represent an evolving achalasia-like
dysmotility, although these patients exhibited only a
modest prevalence of dysphagia. As long-term follow-up
of IOM patients has scarcely been reported[21], findings
regarding disease progression remain inconclusive, and
further studies are needed.
Neither the prevalence nor the severity of gastrooesophageal acid reflux differed between IOM subsets.
In addition, we found no significant differences in
symptom/reflux association or heartburn severity score
between IOM subsets, despite some differences in
LOS resting pressure. A low LOS tone and transient
LOS relaxation[22] are regarded as the main mechanisms
of gastro-oesophageal reflux. As the LOS tone was
lower in IOM patients with low-amplitude propagated
sequences compared with patient controls, and
heartburn prevalence was highest in this IOM subset,
these patients could be expected to have the highest acid
exposure. This was not the case, and our findings are
consistent with those of Lemme et al, who found that
the proportion of low-amplitude swallows did not differ
between IOM patients with erosive versus non-erosive
GORD[23]. It is feasible that the presence of propagating
(albeit low-amplitude) sequences equates to more
efficient clearance[24] of refluxate in these patients, and
novel approaches to stimulating clearance[25] may prove
beneficial in this IOM subset. Another explanation for
the high heartburn prevalence is that these patients
exhibit oesophageal hypersensitivity[26]. Despite the lack
of difference in acid exposure between IOM subsets,
pooled analyses of all IOM patients showed that a low
LOS tone was associated with both high heartburn
severity scores and high AETs. These findings indicate
the complex interactions between LOS characteristics,
oesophageal body dysfunction and symptomatology in
IOM patients with gastro-oesophageal reflux, which
require further investigation.
The current study focused primarily on oesophageal
body dysmotility in IOM. LOS swallow-induced relaxation
is assessed via manometry, but does not feature in the
diagnosis of IOM. Conchillo et al have recently shown
that, in addition to inadequate LOS relaxation, a shorter
duration of LOS relaxation could contribute to abnormal
bolus transit in IOM patients[27]. This might represent an
additional manometric discriminator of dysmotility, and
warrants further investigation.
In summary, we have examined subsets of IOM
patients based on symptoms and manometricallydeter mined oesophageal body dysmotility. These
subsets differ in regard to symptom profile, but do not
differ in acid exposure or symptom/reflux association.
Patients with LASC experience more dysphagia, but
less heartburn, than IOM patients with low-amplitude,
but propagated sequences. These findings raise the

3723

possibility of different pathophysiological mechanisms
in IOM subsets, and this warrants further investigation.
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COMMENTS
Background

The term ineffective oesophageal motility (IOM) encompasses a variety of
symptoms and three types of abnormal oesophageal body peristalsis.

Research frontiers

The pathogenesis of IOM remains unknown, particularly whether it is related to
GORD or represents a primary oesophageal motor disorder.

Innovations and breakthroughs

This study raises the possibility of different pathophysiologic mechanisms in the
different subsets of IOM.

Applications

Further study of the IOM subsets using novel technologies such as impedance
and topographic manometry is required.

Terminology

IOM refers to low-amplitude, simultaneous, or non-transmitted oesophageal
body contractions.

Peer review

The authors compared the demographic and clinical features of different
manometric subsets of ineffective oesophageal motility and determined whether
the prevalence of gastro-oesophageal reflux differs between IOM subsets. This
is an interesting and well-written study.
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INTRODUCTION
Abstract
AIM: To determine the outcome of esophageal cancer
patients referred for palliative care, in Gorgan and
Gonbad gastrointestinal clinics, northeast of Iran.
METHODS: This cross-sectional study was done
on inoperable esophageal cancer cases referred to
gastrointestinal clinics in Gorgan and Gonbad city
(2005-2006). Demographic data were collected during
the procedure and cases were followed up every
one month. Improvement proportion was calculated
with 95% confidence interval, to determine the
rate of improvement. Survival analysis and KaplanMeier methods were used to estimate the duration of
palliative care effectiveness.
RESULTS: We recruited 39 cases into the study.
Squamous cell carcinoma was the most prevalent
(92.3%). The middle third of the esophagus was
involved predominantly (51.3%). Dilation was the most
preferred method (89.7%) and stenting was done in
4 cases. Decreasing dysphagia score was not related
to palliation method or pathology type of carcinoma.
Age of the patients was significantly related to the
improvement of dysphagia score. Mean survival time
was 137.6 d and median was 103 d.
CONCLUSION: Results of this study showed a low
survival rate after palliative care in esophageal cancer
cases despite dysphagia scores’ improvement after
dilating or stenting.

Esophageal cancer patients have poor prognosis. Due to
the lack of widespread screening methods, diagnosis is
usually made at advanced stages; therefore, they have a
short survival when diagnosed. The 5-year survival rate
of patients with esophageal cancer is < 20%[1].
This is more obvious especially in some regions
like the northeast of Iran, where the prevalence rate of
esophageal cancer is high.
Esophageal cancer five-year survival has slightly
increased during past 20 years (5%-9%), but still remains
low. Most patients present with locally advanced,
unresectable or metastatic disease. At the time of
diagnosis, 60% of the patients are only suitable for
palliative therapy. Recent advances in therapeutic
endoscopy have allowed improving dysphagia, and
quality of life. Endoscopic techniques are chosen
according to tumor characteristics, since the diagnosis is
often made at an advanced stage, when radical treatment
is unfeasible[1-3].
Dysphagia, or the inability to swallow, is one of the
most distressing and debilitating symptoms in patients
with cancer-related oesophageal obstruction. Dysphagia
leads to nutritional compromise, pain, and deterioration
of quality of life[1,4-5].
As the quality of life, and to some extent the quantity
of life remaining to these patients depends to a large
degree on their ability to swallow, the relief of dysphagia
plays a vital role in the palliation of this disease[5].
Endoscopic palliation aims to restore swallowing,
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avoid re-intervention and reduce hospitalization[1,4-5].
Palliation is an important goal of esophageal cancer
therapy. Current management options for the palliation
of dysphagia include: esophageal dilation, intraluminal
stents, Nd:YAG laser therapy, photodynamic therapy,
argon laser, systemic chemotherapy, external beam
radiation therapy, brachytherapy, and combined
chemoradiation therapy. The clinical situation, local
expertise, and cost effectiveness play an important role
in choosing the appropriate treatment modality[1].
Treatment should ensure that the majority of
these patients could avoid the consternation of total
dysphagia, regardless of which stent is offered[5].
Palliative treatment methods for esophageal and
cardiac cancer include dilation, laser vaporization and
other thermal methods, alcohol injection, and stent
insertion. None of these procedures, however, has proved
to be a simple, well-tolerated, and lasting method [5].
The aim of this study was to determining the rate of
recovery after two methods of palliation in patients with
inoperable esophageal carcinoma, in Golestan province,
northeast of Iran.

This descriptive cross-sectional study was designed in
two main and unique clinics of gastroenterology in
the province (located in the central and eastern part of
Golestan Province) and all inoperable esophageal cancer
cases which referred from January 2005 to March 2007
were recruited. A basic checklist was completed for each
case before the procedure and their demographic data
were registered.
Dysphagia was graded as follows: 0 = able to eat
normal diet/no dysphagia; 1 = able to swallow some
solid foods; 2 = able to swallow only semi solid foods;
3 = able to swallow liquids only; 4 = unable to swallow
anything/total dysphagia[5].
Subjects were followed up every month, and the
endpoint was considered as death or finishing the 6-mo
period, due to the short survival of them. Improvement
in dysphagia was evaluated 1 wk after stent placement
and during monthly interviews.
Complications of palliative therapy were defined
as major (aspiration, bleeding, stent misplacement or
dislocation, perforation) or minor (reflux esophagitis,
chest pain, pharyngeal discomfort). Tumor ingrowth or
overgrowth was considered a treatment failure[6].
The decrease in dysphagia severity for at least one
degree was registered as dysphagia recovery.
After coding data and entering into the computer,
improvement proportion was calculated with 95%
confidence interval, to determine the rate of improvement.
Survival analysis and Kaplan-Meier methods were used to
estimate the duration of palliative care effectiveness.

RESULTS
Thirty and nine cases fulfilled the inclusion criteria. Male
to female ratio was 1.6 to 1. Mean age was 67.5 ± 13.7
years. Among these cases, 89.7% were palliated with
www.wjgnet.com
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Table 1 Report of dysphagia after palliative care in patients
suffering from inoperable esophageal cancer in Golestan
province, northeast of Iran
Dysphagia

Frequency

Percent

18
7
4
3
7
39

46.2
17.9
10.3
7.7
17.9
100

Recovery
The first degree
The second degree
No recovery
Dysphagia aggravation
Not available
Total

Table 2 Dysphagia relief after palliative care regarding the
different variables in patients suffering from inoperable
esophageal cancer in Golestan province, northeast of Iran
Dysphagia relief

Variables

No recovery
%
Stent
1
25
Dilation
13
37.1
Total
14
35.9
< 65
3
21.4
10
40
≥ 65
SCC
13
36.1
Adenocarcinoma 1
33.3

n

Type of palliative
care
Age (yr)
Pathology

MATERIALS AND METHODS
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Recovery
%
3
75
22
62.9
25
64.1
11
78.6
15
60
23
63.9
2
66.7

n

dilation method, and others (n = 3) with stenting. Most
of them (92.3%) were diagnosed as having SCC. The
middle third of the esophagus was the most (51.3%)
involved site.
At the beginning of the study, 22 cases (56.4%) had
grade three dysphagia (dysphagia to water) and other 17
had complete or grade four dysphagia.
At the first follow up (one month after procedure),
seven cases were not available (died). They passed away
between 6-31 d (Table 1).
We considered these deaths as non-recovery of
dysphagia, and then categorized the cases into two groups: 1,
recovered and 2, not recovered (death, dysphagia aggravation
or no change in dysphagia) and evaluated the relation
between various variables with this condition (Table 2).
No significant relation was seen between relieving
dysphagia, and method of palliative care or pathology
type of the esophageal cancer (P = 0.96). Age of the
patients and the dysphagia recovery was not significantly
related, too (P = 0.238). Mean dysphagia score was
significantly improved in the first follow up (3.37 vs 2.43;
95% CI, 0.62-1.25; P < 0.0001).
Among other 32 cases which were available at the first
follow up, 25 were free of dysphagia. Survival analysis
method was used to estimate the length of dysphagia
relieving persistency after palliation. Aggravation of
dysphagia at any time was considered as recurrence.
The mean time of persistent recovery was 172.1 d,
and the median was 120 d. Among these 25 patients,
only in ten cases no recurrence of dysphagia was
reported up to the end of follow-up. At the end of 6-mo
follow-up, only 6 (15.4%) patients were alive. The overall
mean and median survival time was 137.6 d and 103 d
after palliation, respectively.
In the recovered group, mean and median survival
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Figure 1 Survival function dysphagia recovery after palliative care by KaplanMeyer method.

time were 177.1 d and 135 d after palliation, respectively;
while it was 60.7 d and 31 d in the other g roup;
respectively. Kaplan-Meyer survival analysis and Log-rank
used to evaluate the relation between dysphagia relief and
the survival rate of the cases and significant differences
were reported (χ2 = 13.21, P < 0.0001; Figure 1).

DISCUSSION
Diagnostic and therapeutic management of esophageal
cancer is a multidisciplinary challenge. Male to female
ratio in our patients was 1.6 to 1. This proportion is
reported in other similar studies[5].
The most involved part of the esophagus was
the middle third, and SCC was the most prominent
type. While, in Western countries, the distal third
is involved most [2,3], maybe the higher incidence of
adenocarcinoma, and its potentiality to appear in the
distal part can explain this discrepancy. Among 39
recruited cases, 25 (64%) reported a relief in dysphagia.
One grade decrease in dysphagia was seen in 46.2% and
2 grade in 17.9%.
In a study in France, a total of 120 patients treated
in a single center by insertion of SEMS (Self-expanding
Metal Stent), dysphagia scores decreased in 89.1% of
patients, with median scores decreasing from 3.0 to 1.0
(P < 0.05)[7]. In the present study, mean dysphagia score
in the first follow-up decreased significantly compared
to pre-operation (from 3.37 to 2.43). Mean survival
time after procedure was 177 d (5.9 mo) in recovered
group, and 60.7 d (2 mo) in the other group, which was
much lower than reported in other studies[8-10].
In a study in the Netherlands (2006), data from 78
patients, rendered incurable at exploration, and who
subsequently underwent palliative interventions, were
analyzed retrospectively. Overall, intraluminal stenting
was the palliative measure of dysphagia in 25 patients
(32.3%). The median survival in the whole group was 8.9
(1-105) mo. Patients treated with chemotherapy had a
higher median survival of 11.6 mo compared to that of
the other palliatively-treated patients: 8.4 mo (P = 0.003).
They concluded that patients with incurable oesophageal
carcinoma have a poor overall survival of less than 9 mo[8].
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In India (2006), thirty patients with inoperable
esophag eal carcinoma were treated with SEMS.
Quality of life score improved significantly from 62-94
before stenting to 80-133 after the procedure. There
was improvement in dysphagia grades. Pain was the
most common complaint noted on follow up. There
was no major morbidity or mortality related to the
procedure[11].
In the present study, no complaints were reported
immediately after procedure and in the next follow-up,
except for the seven cases that reported aggravation
or no recovery of dysphagia. One important and
disappointing result of this investigation was the high
mortality rate of esophageal cancer in our area. Seven
deaths occurred between procedures until the first
follow-up (one-month later) and at the end of the study,
only 6 cases were alive. Ross et al (USA, 2007) studied
ninety-seven patients with malignant dysphagia who
had SEMS placed from 2000 to 2003. Dysphagia scores
improved in 86%. Early unexpected deaths occurred in
2 patients. Adenocarcinoma and female sex were factors
associated with increased odds of a major complication.
Median survival was 77 d[10].
In the present study, dysphagia aggravation and redilation was implicated in 7.7%. This is a usual problem
seen in all other investigations[9,11]. In a study in Norway
(2006), 37 patients with unresectable esophageal and
cardial carcinoma treated with SEMS (January 1997May 2004) were retrospectively analyzed. One patient
died the day the stent was introduced. The median time
to repeated hospital contact was 25 d, most often due
to recurrence of dysphagia. Ten patients underwent
repeated stent insertion. The median survival time after
the first stent insertion was 88 d[9].
In an Italian report (2007), in 60 cases with malignant
dysphagia due to the various etiologies stent insertion
was done. The mean dysphagia score of 2.8 improved to
a mean score of 1.0 after stenting (P < 0.001). Overall
median survival time was 4.6 mo[4]. In Germany (2007),
stent insertion was done in eighteen patients with
esophageal carcinoma. Seventeen of 18 stents were placed
technically successful in a single endoscopic procedure.
Mean dysphagia score improved from 2.2 to 0.6. In 10
patients, a re-intervention was necessary mainly due to
dislocation of the stent[12].
Although placement of a stent is technically feasible,
its application is hampered by frequent stent migration
and insufficient prevention of gastroesophageal reflux.
Further technical improvements of stents or alternative
methods like brachytherapy are required for satisfactory
palliation of malignant gastroesophageal stenosis[12,13].
Comparing dilation and stenting in the present
survey showed that dysphagia recovered in 63.6% after
dilation and in 75% after stent insertion.
Although, dysphagia relief and median survival
rate were lower in our study, maybe due to the delay in
referring and the developed stages at the presentation;
however, it seems that palliative care is effective in
relieving dysphagia of inoperable esophageal carcinoma,
and is suggested for increasing quality of life in the
www.wjgnet.com
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remaining life-span of the patients.
Implantation of stents proved to be an effective and
safe method in palliating severe dysphagia in patients
with obstructing esophageal cancer [14-16]; but dilation
seems more popular especially in our area; while stents
are more expensive, and dilation is more preferred by
patients and physicians.
Larger studies with higher sample size and facilities
for screening in the lower dysphagia stages and
evaluating other factors that impact on the survival rate
of the patients are necessary.
Accurate and expanded results could not be achieved
in the present report, due to the unavailability of some
data and deaths occurred between the procedure and the
first follow-up. Also, all included patients had grade 3 and
4 dysphagia, which can itself have an important impact on
survival rate, because of prolonged inability of swallowing
and the resulting malnutrition.
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CONCLUSION: Honey was found to be beneficial in
the prevention of hepatic damage due to obstruction
of the common bile duct.

Abstract

INTRODUCTION

AIM: To examine the possible effects of honey
supplementation on hepatic damage due to obstruction
of the common bile duct in an experimental rat model.
METHODS: The study was performed with 30 male
rats divided into three groups: a sham group, an
obstructive jaundice group, and an obstructive jaundice
plus honey group. At the end of the study period, the
animals were sacrificed, and levels of nitric oxide (NO),
and NO synthase (NOS) activities were measured in liver
tissues, and levels of adenosine deaminase (ADA) and
alanine transaminase (ALT) activities were measured in
serum.
RESULTS: B l o o d A LT a n d A D A a c t i v i t i e s w e re
significantly elevated in the jaundice group as compared
to those of the sham group. In the obstructive jaundice
plus honey group, blood ALT and ADA activities were
significantly decreased as compared to those of the
jaundice group. In erythrocytes and liver tissues, NO
levels were found to be significantly higher in the
obstructive jaundice plus honey group compared to
those of the sham group. Additionally, NO levels were
found to be significantly higher in liver tissues from the
animals in the obstructive jaundice plus honey group
than those of the jaundice group.
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Honey is produced by honeybees. They obtain nectar
from various flowers, and digest it in their bodies, enrich
it with their salivary and enzymatic secretions, and put
it in honeycombs, so that ripe honey is formed[1]. Since
ancient times, honey has been known as both flavorful
food and a traditional therapeutic material. It has rich
flavonoid components, such as luteolin, quercetin,
apigenin, fisetin, kaempferol, isorhamnetin, acacetin,
tamarixetin, chrysin, and galangin, and therefore,
exhibits antioxidant activity. Additionally, honey provides
antibacterial, anti-inflammatory, immune-stimulant, antiulcer and wound/burn healing (regenerative) effects[2].
Free radicals lead to oxidative damage in many
molecules, such as lipids, proteins and nucleic acids.
Many complications have been attributed to oxidative
damage, including atherosclerosis, aging, and cancerous
diseases. Antioxidant foods that are rich in flavonoids
are protective agents against these ailments[3].
Obstructive jaundice leads to oxidative injury and
inflammation in hepatocytes [4,5]. Over production of
hydroxyl radicals in blood and liver from rats with
obstructive jaundice has been reported[6].
Nitric oxide synthase (NOS) converts arginine to
www.wjgnet.com
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citrulline and nitric oxide (NO). Nitric oxide leads
to activation of guanylyl cyclase, formation of cyclic
guanosine 3′,5′-monophosphate (cGMP), stimulation
of cGMP-protein kinases, and subsequent relaxation
in smooth muscle. It has been reported that NOS gene
knockout in mice causes an elevation in blood pressure
and increased synthesis of cGMP prevents platelet
aggregation[7].
Adenosine deaminase (ADA; E.C. 3.5.4.4) is an
enzyme that catalyses conversion of adenosine to
inosine and ammonia[8]. ADA activity has been found to
increase in cirrhotic patients, and increased ADA activity
has been suggested as a nonspecific hepatic marker for
disease with liver damage[9].
Alanine transaminase (ALT; E.C. 2.6.1.1) is a
transaminase enzyme that catalyzes the inter-conversion
of the amino acid L-alanine to L-glutamate and vice
versa. In liver diseases associated with hepatic necrosis,
ALT levels characteristically are elevated[10].
In this study, we investigated the effects of honey on
the NO pathway and ADA enzyme activity in rats that
had induced obstructive jaundice.

MATERIALS AND METHODS
Thirty male Wistar albino type rats of 12 wk old (250 ±
25 g in weight) were housed individually in wire cages
under constant temperature (21℃ ± 2℃) with a 12 h
light-dark cycle. Twelve hours before anesthesia animals
were deprived of food, but had free access to water until
2 h before anesthesia. No enteral or parenteral antibiotics
were administered at any time. The animals were divided
randomly into 3 groups of 10 rats each: the sham group
(group Ⅰ), the obstructive jaundice group (group Ⅱ) and
the obstructive jaundice plus honey group (group Ⅲ).
The animals were anesthetized by intramuscular
injection of 30 mg/kg ketamine hydrochloride
(Ketalar; Parke-Davis, Istanbul, Turkey) and 5 mg/kg
xylasine (Rompun, Bayer, Istanbul, Turkey). Midline
laparotomy was performed under sterile conditions.
In group Ⅰ, the common bile duct (CBD) was freed
from the surrounding soft tissue, and was manipulated
without ligation and transection. In groups Ⅱ and Ⅲ,
the CBDs of the rats were identified, double ligated with
5-0 silk, and divided between the ligatures. Group Ⅲ
was nourished with honey 10 mg/kg per day by using
a nasogastric tube that was inserted daily and removed
after honey supplementation (Balparmak LTD, Istanbul,
Turkey). The animals were sacrificed on postoperative
d ay 7 w i t h h i g h - d o s e d i e t hy l e t h e r i n h a l a t i o n .
Subsequently, their liver tissues were removed and
blood samples were obtained. The blood samples were
put in tubes, and then centrifuged at 2000 g for 5 min.
Upper clear supernatant (serum) was taken and used
in the enzymatic analyses. The liver tissues were first
homogenized in physiologic saline (1 g in 5 mL) and
then were centrifuged at 4000 g for 20 min. Upper
clear supernatants were removed to use in the analyses.
Protein levels of the supernatants were determined using
Lowry’s method[11] were adjusted to equal concentrations
www.wjgnet.com
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before analyses.
NO levels and NOS enzyme activities were measured
in liver tissues, and ADA and ALT enzymes activities
were measured in serum.
The level of NO was estimated by the method based
on the diazotization of sulfanilic acid by NO at acid
pH, and subsequent coupling to N-(1-naphthyl-ethylene
diamine) (Griess reaction) as described previously[12].
Since nitrate anion does not give a diazotization reaction
with sulfanilic acid, the samples were treated by cadmium
(a reducing agent) to reduce nitrate anions into nitrite
anions before the NO estimation[13]. The results were
expressed as μmoL/mg protein. The total NOS activity
(IU/mL) method is based on the Griess reaction[12]. The
results were expressed as IU/mg protein.
Adenosine deaminase activity was studied by
the method of Guisti based on spectrophotometric
detection of ammonia formation[8]. The results were
expressed as IU/L.
Ser um ALT levels were deter mined by using a
spectrophotometric method [14] . The results were
expressed as U/L.
The histopathological analyses were carried out in
the Histology and Embryology Department of Ankara
University School of Medicine. Histopathological
examination was performed by using light microscopic
analyses. The samples were obtained from the liver
and fixed in 10% neutral buffered formalin solution
for 2 d. Tissues were washed in flowing water, and
were dehydrated with rising concentrations of ethanol
(50%, 75%, 96% and 100%). After dehydration,
specimens were put into xylene to obtain transparency
and were then infiltrated with, and embedded in
paraffin. Embedded tissues were cut into sections of 5
μm thicknesses by Leica RM 2125 RT and were then
stained with hematoxylin and eosin. Histopathologic
examinations were performed and photographed by
Nikon Eclipse E 600.
In the statistical evaluation of the results, one-way
ANOVA, and post hoc LSD tests were used. P values of
less than 0.05 were considered as significant.

RESULTS
The results are given in Table 1. Serum ALT and ADA
enzymes activities were significantly elevated in group Ⅱ
compared to those of the sham group. In group Ⅲ,
serum ALT and ADA enzymes activities were found to
be significantly decreased compared to those of group Ⅱ.
In liver tissues, NO levels were found to be higher in
group Ⅲ than those of the sham group. Additionally,
NO levels were found to be significantly higher in liver
tissues of group Ⅲ compared to those of group Ⅱ.
There were no significant differences between groups
for NOS activities.
In group Ⅰ, there were no morphological alterations
in the portal tract and whole liver tissue (Figure 1A).
Group Ⅱ tissues displayed some histopathological
changes in the portal tract, such as proliferation of the
duct epithelial cells, and looping and reduplication of
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Figure 1 Portal areas of liver biopsies shown for group Ⅰ (A), group Ⅱ (B) and group Ⅲ (C). Bile ducts (arrow heads) and the degenerating and regressing of bile
ducts (*) viewed with HE staining by light microscope.

Table 1 The biochemical parameters for each group (mean
± SD, n = 10)
Parameters
Serum
ALT (U/L)
ADA (IU/L)
Liver
NO (μmoL/mg)
NOS (IU/mg)

Group Ⅰ

Group Ⅱ

Group Ⅲ

28.98 ± 7.24a
6.13 ± 4.40a

59.49 ± 13.42c
11.02 ± 3.14c

17.40 ± 5.71
6.05 ± 3.69

0.281 ± 0.080a
0.175 ± 0.031

0.265 ± 0.065c
0.183 ± 0.048

0.396 ± 0.085
0.180 ± 0.032

ADA: Adenosine deaminase; ALT: Alanine transaminase; NO: Nitric
oxide; NOS: NO synthase. Group Ⅰ: Sham operated; Group Ⅱ:
Obstructive jaundice; Group Ⅲ: Obstructive jaundice + honey. aP < 0.05 vs
c
Ⅱ; P < 0.05 vs Ⅲ.

the ducts and ductules. The surrounding hepatocytes
were enlarged (Figure 1B). Histopathological evidence
showing bile ductule proliferation was markedly reduced
in group Ⅲ. Regression of the bile duct epithelial
cells, and phagocytosis of the debris from dying bile
duct epithelial cells were observed. We also examined
the conspicuous reduction in the size of enlarged
hepatocytes (Figure 1C).

DISCUSSION
Since ancient times, honey has been known to have
antibacterial and antioxidant properties due to its
phenolic compounds [3]. It has been emphasized that
honey has a rapid wound healing property[15]. Gethin et al
demonstrated that honey has repairing potential in leg
ulceration when wounds are dressed with honey [16].
The antimicrobial property of honey on some microbial
isolates has also been reported [17] . Moreover, the
antibacterial effect of honey on ocular flora has been
displayed [18]. Furthermore, the scolicidal efficacy of
propolis, which is a resinous material obtained by honey
bees from plants or flowers, has been shown in cystic
hydatid disease[19]. Recently, it has been found that honey
leads to increased levels of NO in biological fluids and to
reduced liver enzymes, such as AST and ALT, in blood[20].
In the obstructive jaundice group in our study,
elevated serum ALT and ADA activities indicated
liver damage. Additionally, reduced serum ALT and
ADA activities in the obstructive jaundice plus honey
group showed significant improvement in liver tissues.

Histopathological examination also showed damage in
the obstructive jaundice group with improvement in the
obstructive jaundice plus honey group.
Our results showed the protective potential of
honey with liver damage. It is possible that NO levels
increased in the liver tissue due to the rich NO content
of the honey itself, which is supported by our finding of
unchanged NOS activity in liver tissue. Increased NO
levels in the obstructive jaundice plus honey group may
contribute to the protective result possibly through the
elimination of toxic free radicals by NO.
In conclusion, we suggest that honey supplementation may give beneficial results in the prevention of
hepatic damage induced by obstruction of the common
bile duct.
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recombinant plasmids were correctly constructed. After
transfecting the plasmids into HepG2 cells, high levels
of intracellular viral DNA replication were observed,
and HBsAg and HBeAg were secreted into the cell
culture supernatant.
CONCLUSION: Eukaryotic expression plasmids
pcDNA3.1 (+)-HBV/YIDD, pcDNA3.1 (+)-HBV/YVDD
or pcDNA3.1 (+)-HBV/YMDD, which contained HBV
genotype C full-length genome, were successfully
constructed. After transfection into HepG2 cells, the
recombinant plasmids efficiently expressed HBV DNA,
HBsAg and HBeAg. Our results provide an experimental
basis for the further study of HBV lamivudine-resistant
mutants.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To construct eukaryotic expression plasmids of
full-length Hepatitis B Virus (HBV) genotype C genome,
which contain lamivudine-resistant mutants (YIDD,
YVDD) or wild-type strain (YMDD), and to observe
the expression of HBV DNA and antigens [hepatitis
B surface antigen (HBsAg) and hepatitis B e antigen
(HBeAg)] of the recombinant plasmids in HepG2 cells.
METHODS: Three HBV full-length genomes were
amplified from the plasmids pMD18T-HBV/YIDD,
pMD18T-HBV/YVDD and pMD18T-HBV/YMDD, using
PCR. Three recombinant plasmids were generated by
inserting each of the PCR products into the eukaryotic
expression vector pcDNA3.1 (+), between the
Eco RI and Hin dⅢ sites. After being characterized by
restriction endonuclease digestion, and DNA sequence
analysis, the recombinant plasmids were transfected
into HepG2 cells. At 48 and 72 h post-transfection,
the levels of intracellular viral DNA replication were
detected by real-time PCR, and the expression of
HBsAg and HBeAg in the cell culture supernatant was
determined by ELISA.
RESULTS: Restriction endonuclease digestion and
DNA sequence analysis confirmed that the three

Xu WZ, Fang Y, Li D, Wang Y, Shang QL, Li GQ, Teng X,
Gu HX. Construction and expression of eukaryotic plasmids
containing lamivudine-resistant or wild-type strains of
Hepatitis B Virus genotype C. World J Gastroenterol 2008;
14 (23): 3733-3738 Available from: URL: http://www.wjgnet.
com/1007-9327/14/3733.asp DOI: http://dx.doi.org/10.3748/
wjg.14.3733

INTRODUCTION
Hepatitis B Virus (HBV) infection has become one
of the most serious health problems worldwide. In
China, HBV prevalence is especially high. Presently,
eight genotypes of HBV (A-H) have been identified,
based on divergence over the entire genomic sequence
of ≥ 8%[1-4]. Different HBV genotypes have specific
geographical distributions [2,5]. According to previous
studies, genotypes B and C are predominant in China[6,7].
In Heilongjiang Province in northern China, HBV
genotype C is dominant[8,9].
Lamivudine, a potent, non-toxic inhibitor of HBV
replication in chronically infected patients, is currently
one of the most effective anti-HBV drugs in the clinic.
www.wjgnet.com
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Unfortunately, it has been found that long-term use
of lamivudine leads to emergence of HBV YMDD
mutants, which has been demonstrated to be associated
with lamivudine resistance[10,11]. In YMDD variants, the
methionine of the YMDD motif in HBV polymerase
is substituted with either isoleucine, designated as
YIDD, or valine, designated as YVDD. Much clinical
data has indicated that patients who have developed
HBV YMDD mutations show deterioration of their
physical condition, and rebound of virus load in their
serum[12-14]. In this study, we constructed the eukaryotic
expression plasmids of HBV genotype C full-length
genome, which contained wild-type, YVDD mutation
or YIDD mutation, respectively. All these recombinant
plasmids were shown to be able to express HBV DNA
and antigens in vitro.

MATERIALS AND METHODS
Materials
Platinum Pfx DNA polymerase, T4 DNA ligase,
a n d L i p o f e c t i o n 2 0 0 0 r e a g e n t we r e p u r ch a s e d
from Invitrogen (Carlsbad, CA, USA). Restriction
endonucleases EcoRI and HindⅢ were purchased from
New England Biolabs (Beijing, China). Dulbecco’s
modified Eagle’s medium (DMEM) was purchased
from GIBCO BRL (Gaithersburg, MD, USA). PCR
primers were synthesized by Shanghai Sangon Biological
Engineering, Technology and Services (Shanghai, China).
DNA sequencing was performed by Invitrogen (Beijing,
China). Enzyme immunoassay kit was purchased from
Shanghai Kehua Biochemical Laboratory (Shanghai,
China). Quantitative HBV PCR Fluorogence Diagnostic
Kit was purchased from PG Biotechnology (Nanjing,
China). Axygen DNA Mini kit was purchased from
Axygen Biosciences (Union City, CA, USA). The
recombinant plasmids pMD18T-HBV were constructed
in our laboratory. The HBV genotype C full-length
genome of wild-type strain or YIDD, YVDD mutants
were obtained from serum of chronic HBV patients, and
inserted into the vector pMD18T. The expression vector
pcDNA3.1 (+), HepG2 cells and Escherichia coli DH5α
were maintained in our laboratory.
Construction of the recombinant plasmids
The HBV full-length genome of wild-type HBV DNA,
YVDD or YIDD mutants was amplified from the
plasmids pMD18T-HBV, by PCR using a primer set that
consisted of a sense primer: 5'TACCATGGCCCTTTT
TCACCTCTGCCTAATC-3', and an antisense primer:
5'CGAGCTCTTCAAAAAGTTGCATGGTGCTGG
-3'. Amplification was performed for 30 cycles using
the Platinum Pfx DNA Polymerase. The PCR hot-start
procedure was as follows: 95℃ for 6 min, 94℃ for 40 s,
68℃ for 3 min, plus 1 min after each 10 cycles, and 68℃
for 10 min. The HindIII/EcoRI-digested PCR products
were ligated into HindIII/EcoRI-digested pcDNA3.1
(+) vector using T4 DNA ligase. The recombinant
plasmids were then transformed into Escherichia coli (E.
coli) DH5α and confirmed by restriction endonuclease
www.wjgnet.com
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digestion and DNA sequence analysis. The sequences
were aligned using the Gene Runner version 3.05
(Hastings Softerware Inc., Hastings, NY, USA).
Cell culture and transfection
HepG2 cells were cultured in DMEM, supplemented
with 10% fetal calf serum, penicillin (100 U/mL)
and streptomycin (100 g/mL) at 37℃ in a humidified
incubator with 5% CO2. HepG2 cells in the exponential
phase of growth were strictly counted and seeded onto
24-well culture plates with 1.0 × 105 cells/well. After 24 h,
cells at 80%-90% confluence were transfected with the
recombinant plasmids using Lipofection 2000 reagent,
following the manufacturer’s guidelines. The transfected
cells and supernatants were then harvested after 48
or 72 h. Vector pcDNA3.1 (+) was used as a mock
transfection control.
Assays of hepatitis B surface antigen (HBsAg) and
hepatitis B e antigen (HBeAg)
At 48 or 72 h post-transfection, the culture supernatant
was collected, centrifuged at 3000 r/min for 5 min to
remove cellular debris, and transferred to a clean tube
for further analysis. The expression levels of HBsAg
and HBeAg were separately assayed using an enzyme
immunoassay kit. According to the instructions, a ratio
of sample/negative (S/N) ≥ 2.1 was considered as a
positive response to HBsAg or HBeAg antigen.
Real-time fluorimetry PCR analysis of HBV DNA
Real-time fluorimetr y PCR using TaqMan probe
was performed to quantify HBV DNA at 48 or 72 h
post-transfection. HBV DNA was extracted from
the intracellular core particles using Axygen DNA
Mini kit, and then examined by Quantitative HBV
PCR Fluorogence Diagnostic kit. According to the
instructions, an HBV DNA level ≥ 5.0 × 102 copies/
mL was considered as a positive response.
Statistical analysis
All experiments were performed at least three times. All
data were indicated as mean ± SD. Data analysis was
performed by SPSS 10.0 software (Spss Inc., Chicago,
IL, USA).

RESULTS
Construction and characterization of recombinant plasmids pcDNA3.1 (+)-HBV/C-YMDD, YIDD or YVDD
As shown in Figure 1A, the PCR products had the
expectant molecular weight (3.2 kb). The target genes
were cloned to the expression vector pcDNA3.1 (+),
and transformed into E. coli DH5α, which generated
the reconstructed plasmids pcDNA3.1 (+)/HBV/
C-YMDD, YIDD or YVDD. After amplification by
E. coli, the recombinant plasmids were extracted from the
positive clones, and then characterized by digestion with
restriction enzymes HindⅢ/EcoRⅠ (Figure 1B, lanes 2-4)
and EcoRⅠ (Figure 1C, lanes 2-4). Vector pcDNA3.1 (+),
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Figure 1 A: Electrophoresis of PCR results of HBV genotype C full-length genomes. M: Marker; lanes 1-3: PCR products of YMDD, YIDD and YVDD, respectively; B:
Electrophoresis of digestion with EcoRⅠ/HindⅢ. M: marker; lane 1: pcDNA3.1 (+)/EcoRⅠ; lane 2: pcDNA3.1 (+)/HBV-YMDD/EcoRⅠ/HindⅢ; lane 3: pcDNA3.1 (+)/
HBV-YIDD/EcoRⅠ/HindⅢ; lane 4: pcDNA3.1(+)/HBV-YVDD/EcoRⅠ/HindⅢ; C: Electrophoresis of digestion with EcoRⅠ. M: marker; lane 1:pcDNA3.1 (+)/EcoRⅠ;
lane 2: pcDNA3.1 (+)/HBV-YMDD/EcoRⅠ; lane 3: pcDNA3.1 (+)/HBV-YIDD/EcoRⅠ; lane 4: pcDNA3.1 (+)/HBV-YVDD/EcoRⅠ.

used as a negative control, was also digested with
EcoRⅠ,which yielded a product of approximate 5.4 kb
in size (Figure 1B and C, lane 1). The digested products
of the recombinant plasmids were visualized on
7 g/L agarose gel (Figure 1B), which demonstrated
that recombinant plasmids were digested to 5.4 and 3.2
kb DNA fragments, which corresponded to the lined
vector pcDNA3.1 (+) (5.4 kb) and the target gene HBV
full-length genome (3.2 kb), respectively. As shown in
Figure 1C, the fragment digested from the recombinant
plasmids by EcoRⅠ was approximate 8.6 kb in size, as
expected.
DNA sequence analysis of recombinant plasmids
DNA sequence analysis of positive clones confirmed the result. The inserted HBV full-length
genome had the correct reading frame and length.
Compared with the sequence of the recombinant
plasmids that contained wild-type strain (Figure 2A),
it was clearly shown that, in the HBV YIDD
mutant (Figure 2B), the 741th base G mutated to
T, and in the HBV YVDD mutant (Figure 2C),
the 739th base A mutated to G. These mutations resulted in
replacement of the methionine residue (amino acid 204) by
isoleucine (rtM204Ⅰ), or valine (rtM204Ⅴ), respectively.
Extracellular expression of HBsAg and HBeAg
At 48 or 72 h post-transfection, culture supernatants
were collected. The expression levels of HBV HBsAg
and HBeAg were then detected by ELISA. According
to the instructions, an S/N ratio ≥ 2.1 was considered
as positive HBeAg response. As shown in Table 1, our
results indicated that each of the recombinant plasmids
could express the antigens, HBsAg and HBeAg in
HepG2 cells. The blank control group had a negative
HBsAg and HBeAg response.
Intracellular expression of HBV DNA
At 48 or 72 h post-transfection, HepG2 cells were
harvested and real-time fluorimetry PCR was then
performed. As shown in Table 2, the three transfection
groups could be considered as positive (all ≥ 5.0 × 102
copies/mL), which indicated that HBV DNA was

expressed efficiently. The blank control group was
negative.

DISCUSSION
Lamivudine, a potent inhibitor of HBV replication
has been the main therapeutic option for treatment
of chronic hepatitis B. It functions by interfering with
HBV reverse transcriptase activity, and leads to a marked
decrease in serum HBV DNA levels, a significant
increase in the rate of HBeAg seroconversion, as well
as improvement in serum alanine aminotransferase
(ALT) levels[15] and liver histopathological parameters[16].
Several data have revealed that lamivudine can efficiently
promote the treatment of hepatitis B in the short term.
However, the long-term effectiveness of lamivudine is
hampered by the development of viral resistance[15,17].
Lamivudine resistance is associated with mutations
in the highly conserved YMDD motif of the reverse
transcriptase, in which, methionine 204 is replaced by
either isoleucine (rtM204Ⅰ, YIDD variant) or valine
(rtM204Ⅴ, YVDD variant).
It has been reported that the rate of HBV YMDD
mutation increases with the duration of lamivudine
therapy, with an increase from 15% in one year to
38% and 53% after two and three years of treatment,
respectively[18]. Our previous research has also indicated
that in northern China, the YMDD mutation rate is
approximate 56.3% after four years of lamivudine
treatment [8] . YMDD mutations not only result in a
reduction in the susceptibility to lamivudine, but also
cause virological and biochemical breakthrough, which
are represented as rebound of HBV DNA and ALT
levels[19,20]. Moreover, acute exacerbation of hepatitis and
hepatic failure may occur after the emergence of YMDD
mutants. Therefore, the antiviral treatment of YMDD
mutants has become a crucial issue in the clinic.
H B V g e n o t y p e s h ave d i s t i n c t g e o g r a p h i c a l
distributions and are potential factors that affect virus
replication, virus variation, clinical course, and therapy
of HBV infection. In northern China, genotype C is
predominant, and accounts for 77%-88% of cases
of chronic hepatitis B[6,8]. Sugiyama reported that the
www.wjgnet.com
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Table 1 HBsAg and HBeAg in transfected HepG2 cells determined by ELISA

G

G

A

T

Clone

HBsAg (Sample/Negative) HBeAg (Sample/Negative)
48 h
72 h
48 h
72 h
0.33 ± 0.028 0.37 ± 0.094 0.39 ± 0.046 0.38 ± 0.050
3.14 ± 0.069 3.47 ± 0.413 8.72 ± 0.059 8.77 ± 0.256

pcDNA3.1 (+)
pcDNA3.1 (+)HBV/C YMDD
pcDNA3.1 (+)-     6.77 ± 0.099 8.26 ± 0.334 2.06 ± 0.318
HBV/C YIDD
pcDNA3.1 (+)- 10.30 ± 0.065 10.37 ± 0.205 5.03 ± 0.132
HBV/C YVDD

2.18 ± 0.028
5.30 ± 0.117

The ratio of sample/negative (S/N) ≥ 2.1 was considered as positive
HBsAg and HBeAg response.
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A
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T
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Table 2 Real-time PCR detection of HBV DNA in transfected HepG2 cells (× 108 copies/mL)
Clone
pcDNA3.1 (+)1
pcDNA3.1 (+)-HBV/C YMDD
pcDNA3.1 (+)-HBV/C YIDD
pcDNA3.1 (+)-HBV/C YVDD

48 h
3.57 ± 0.084
6.85 ± 0.143
  17.64 ± 0.240

72 h
3.80 ± 0.078
6.90 ± 0.038
18.55 ± 0.127

The HBV DNA levels ≥ 5 × 102 copies/mL was considered as positive

C

T

T

A

T

G

T

G

G

A

T

Figure 2 Sequence analysis of wild-type strain and YMDD mutants (YIDD,
YVDD). A: Wild-type strain: 739th base is A; 741th base is G. B: YIDD mutant:
741th base G mutated to T. C: YVDD mutant: 739th base A mutated to G.

replication capacity of HBV in transfected Huh7 cells
varied among genotype A and B, as well as C and D, with
genotype C having the highest replication capacity[21].
HBV genotype C is associated with more severe
histological liver damage and low-grade responses to
interferon therapy[22]. Moreover, patients with genotype
C show poor responses to embolization therapy and may
die from hepatic failure because of rapid hepatocellular
carcinoma (HCC) progression [23]. Another study has
reported that HBV genotype C has more rapid selection
of lamivudine resistance than genotype B[17].Therefore,
further studies of HBV YMDD mutants with genotype
C are of great significance.
To date, many in vitro studies on lamivudine resistance
have been reported[24-27]. In most of these, recombinant
plasmids containing HBV full-length or fragment genome
were constructed first, and then expressed in liver-derived
cell lines. For example, Gunther et al have reported an
original and efficient method of amplifying full-length
HBV genomes by PCR[24]. Chen et al have described a
www.wjgnet.com

HBV DNA response. 1The results were negative.

method of constructing baculovirus recombinants that
contain multiple HBV lamivudine-resistant mutations,
introduced by successive rounds of site-directed
mutagenesis in laboratory strains [25]. However, in all
these studies, either one type of HBV YMDD mutant
or wild-type strains was included in the plasmids without
specification of HBV genotype. Therefore, to date, serial
plasmids that contain a specific HBV genotype, such as
genotype C, and lamivudine-resistant sequences, which
allow systematic studies on the combined effects of HBV
genotype together with lamivudine-resistant mutations,
have not been reported.
In this study, we successfully constructed a series
of eukaryotic expression plasmids that contained
genotype C HBV strain with either wild-type, YVDD
or YIDD mutation, namely the plasmids pcDNA3.1
(+)-HBV/C-YMDD, pcDNA3.1 (+)-HBV/C-YVDD
and pcDNA3.1 s(+)-HBV/C-YIDD, respectively. In
order to achieve high-level expression in vitro, the Kozak
sequence, ACCATGGCC-which has been found to
contribute to the fidelity and efficiency of initiation and
expression[28]-was coupled to the 5' end of the sense
primer. Moreover, to further assure high fidelity, the PCR
analyses were performed following a hot-start protocol
and using high-fidelity enzymes. After transfecting the
constructed plasmids into HepG2 cells, we analyzed the
expression levels of HBsAg and HBeAg by ELISA, and
the replication level of HBV DNA by real-time PCR. It
was found that both HBV DNA and the antigens were
expressed in the transfected cells, but not in the negative
control cells transfected with pcDNA3.1 (+). As shown
in Table 1, all the recombinant plasmids could express
HBsAg in HepG2 cells. At 48 and 72 h, the expression
levels of HBeAg were 8.723 ± 0.0585 and 8.77 ± 0.256,

Xu WZ et al . Construction of pcDNA3.1 (+)/HBV-C-YMDD, YIDD and YVDD

respectively, in YMDD strains and 5.03 ± 0.132 and 5.3
± 0.117 in YVDD mutants. However, HBeAg expression
levels in YIDD mutants were only 2.06 ± 0.318 and 2.18
± 0.028 at 48 and 72 h, respectively. This difference was
probably caused by the emergence of BCP mutations
(A1762T/G1764A) in YIDD mutants, while this
mutation was not present in YVDD mutants. Our
observation is consistent with previous reports that BCP
mutation can result in a decrease in HBeAg levels[29].
In addition, HBV DNA expression levels of each of
the recombination plasmids were ≥ 10 8 copies/mL
in HepG2 cells (Table 2), which indicates that the three
recombinant plasmids can be expressed efficiently.
Successful construction of the three eukaryotic plasmids
pcDNA3.1 (+)-HBV/C-YMDD, pcDNA3.1 (+)-HBV/
C-YVDD and pcDNA3.1 (+)-HBV/C-YIDD, provides
an experimental basis for the establishment of stable
expression system of HBV genotype C lamivudineresistant mutants. The results may contribute to future in
vitro antiviral studies of HBV genotype C lamivudineresistant mutants.
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Abstract
AIM: To i nve s t i g a t e t h e re l a t i o n s h i p b e t w e e n
the expression of P120 and the clinicopathologic
parameters in intrahepatic cholangiocarcinoma (ICC).
METHODS: An immunohistochemical study of
E-cadherin and P120 catenin was performed on 42
specimens of ICC with a Dako Envision kit.
RESULTS: The expression of E-cadherin and P120 was
reduced in 27 cases (64.3%) and 31 cases (73.8%),
respectively. Both E-cadherin and P120 expressions
were significantly correlated with the tumor histological
grade (χ2 = 9.333, P = 009 and χ2 = 11.71, P = 0.003),
TNM stage (χ2= 8.627, P = 0.035 and χ2 = 13.123,
P = 0.004), intrahepatic metastasis (χ2= 7.292, P =
0.007 and χ2 = 4.657, P = 0.041, respectively) and
patients’ survival (χ2= 6.351, P = 0.002 and χ2 = 4.023,
P = 0.000, respectively). In addition, the expression
of P120 was in concordance with that of E-cadherin
( χ 2 = 1 3 .7 9 7, P = 0 . 0 0 0 ) , i n d i c a t i n g t h a t t h e
expression of P120 may be dependent on that of
E-cadherin. Finally, only P120 expression was found to
be an independent prognostic factor in Cox regression
model (r = 0.088, P = 0.049).
CONCLUSION: D o w n- re g u la t e d e x p re s s io n o f
E-cadherin and P120 occurs frequently in ICC and
contributes to the progression and development of
tumor. Both of them may be valuable biologic markers

for predicting tumor invasion, metastasis and patients’
survival, but only P120 is an independent prognostic
factor for ICC.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
P120-catenin is a member of the Armadillo (ARM)/
β-catenin gene family and is essential for mesenchymal
cadherin-mediated regulation of cell motility and
invasiveness[1,2]. Cadherin, one of the transmembrane
cell-cell adhesion receptors involved in development,
and morphogenesis of ICC[3], is necessary and sufficient
for P120 targeting cell-cell junctions.
A main function of P120 is to stabilize cadherins at
the cell membrane by regulating cadherin turnover and
degradation. In this way, P120 level acts as a set point
mechanism underlying cell-cell adhesive interactions.
P120 may function as a “cap” to bind to the cadherin
cytoplasmic tail and prevent cadherin interactions with
endocytic membrane trafficking machinery. Alternatively,
P120 may stabilize cell junctions or regulate membrane
trafficking machinery through interactions with small
GTPases, such as Rho A, Rac and Cdc42. Through these
mechanisms, P120 exerts its influence over a wide range
of biological processes that are dependent upon tight
regulation of cell surface cadherin levels[4].
Intrahepatic cholangiocarcinoma (ICC) is the second
most common tumor of primary liver cancers in adults
worldwide, accounting for about 15% of liver cancers,
and its incidence has increased in recent years[5]. Despite
www.wjgnet.com
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improved diagnostic and operative techniques, the
prognosis of ICC remains poor. In addition, molecular
events involving the development of ICC are not well
understood. Some studies examined the expression of
E-cadherin/catenin complex in ICC, but the conclusion is
still controversial. Moreover, to our knowledge, no study
has demonstrated the expression characteristics of P120
and the relationship between the expression of P120, and
the clinicopathologic parameters in ICC. Therefore, in the
present study, we used immunohistochemical staining for
the E-cadherin/P120 complex in primary ICC to correlate
its expression with its clinicopathologic features.

MATERIALS AND METHODS
Selection of patients and definition of clinicopathologic
parameters
In this study, we selected 42 specimens of intrahepatic
cholangiocarcinoma collected and diagnosed at the
Eastern Hepatobilliary Surgery Hospital, the Second
Military Medical University from October 1997 to
March 2004. The patients were consisted of 32 men
and 10 women. Their age ranged from 27 to 73 years,
with an average age of 51 years. Cancer tissue and nontumorous liver tissue were obtained from each patient
for pathological examination. The detailed pathologic
data were obtained from the Department of Pathology
of Eastern Hepatobilliary Surgery Hospital. Background
liver showed cirrhosis in 19 (45.2℅) patients, and chronic
hepatitis in 15 (35.7℅) patients.
Clinicopathologic parameters included histological
grade, pTNM stage, tumor size, capsular and vascular
invasion, satellite nodules, intrahepatic metastasis, lymph
node status and patients’ survival. Histological grade of
ICC was sub-classified into well, moderately and poorly
differentiated ICC based on the criteria for a liver cancer
study in Japan[6]. Tumor staging was performed according
to the pTNM staging system of the International Union
against Cancer UICC[7].
Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues were
cut to 5- μ m thick sections. Immunohistochemical
staining for E-cadherin and P120 was performed with
a Dako EnVisionTM kit (Dakocytomation Company,
Denmark). The sections were dewaxed, incubated
with methanol containing 30% H 2O 2 for 20 min to
block endogenous peroxidase activity, immersed in
0.01 mol/L citrate buffer(pH 6.0), heated at 100℃
in a microwave oven for 20 min, washed three times
with distilled water and blocked with 1℅ BSA for 30
min. The sections were then incubated overnight at
4℃ with rabbit polyclonal IgG of E-cadherin (H-297,
SC-7870, Santa Clauze Corporation, USA ) and rabbit
polyclonal IgG of P120 (H-90, SC-13957, Santa Clauze
Corporation, USA) at a 1:200 dilution. A subsequent
reaction was carried out using second antibodies
(Dakocytomation Company, Denmark) at 37℃ for 30
min. Then, the sections were washed three times with
www.wjgnet.com
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phosphate-buffered saline (PBS) and subsequently
the color was displayed with DAB (Dakocytomation
Company, Denmark) for about 5 min. Nuclei were
lightly counterstained with hematoxylin. No staining
was obtained when immune serum or PBS was used
instead of primary antibodies, thus confirming the
specificity of each primary antibody.
Evaluation of immunostaining
A scoring system was used to semiquantitatively
evaluate the immunoexpression of E-cadherin and
P120 in ICC as described previously[8]. The expression
of E-cadherin and P120 in nontumorous tissue was
used as an internal control. Briefly, immune activities
of E-cadherin and P120 were assessed by the extent
(broadness) and intensity (color strength). Depending on
the percentage of positive cells, the extent was scored
as follows: 0 = no positive cells or less than 5%, +1 =
5%-25% positive cells, +2 = 26%-50% positive cells,
+3 = 51%-75% positive cells, and +4 = 76%-100℅
positive cells. The intensity was also scored as follows:
0 = no immunoreaction, +1 = mild immunoreaction,
+ 2 = m o d e r a t e i m mu n o r e a c t i o n , + 3 = m a r ke d
immunoreaction. E-cadherin or P120 expression was
defined as positive when the composite score was 6 or 7,
and as “absent or loss” when the total score was 0.
Statistical analysis
Results from immunohistochemistry were analyzed
by χ2 or Fisher’s exact test. P < 0.05 was considered
statistically significant. Survival analysis was performed
using the log-rank test (P < 0.05). Survival curves
were plotted according to the method of Kaplant and
Meier. The prognosis value of E-cadherin and P120 for
ICC was evaluated with univariate (log-rank test) and
multivariate analysis (Cox regression model). SPSS 10.1
software package for Windows (SPSS, Inc., Chicago, IL)
was used.

RESULTS
Observation under microscope
In nontumorous liver tissue, both E-cadherin and
P120 were expressed strongly on cell membranes,
but the staining intensity was gradually decreased. In
addition, these molecules were normally expressed on
cell membranes of bile ducts, proliferating ductules and
intra-hepatic vessels. No expression was found in other
types of cells in the liver.
In ICC, the expression of E-cadherin and P120 catenin
was reduced in 27 (64.3%) and 31 cases (73.8%), being
absent in 8 and 10 cases, respectively. In addition, P120 was
expressed in 17 cases (40.5%) (Figure 1).
Relationship between expression of E-cadherin/P120
and histological features of ICC
As shown in Table 1, the membranous expression of
E-cadherin and P120 was significantly correlated with
the tumor grade (P = 0.009 and P = 0.003, respectively).
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Figure 1 Immunoreactivity of E-cadherin and P120 in intrahepatic cholangiocarcinomas. “Preserved type”(+) (A, D), “reduced type”(-) (B, E), and “complete absent” (C,
F) of E-cadherin and P120 induced type”(-) and staining, respectively (× 200).

Table 1 Relationship between expressions of E-cadherin/P120 catenin and histological features of ICC n (%)

Differentiation grade
Well
Mediate
Poor

n

+

E-cadherin
-

P value

+

P120 catenin
-

3
14
25

3 (100)
7 (50.0)
5 (20.0)

  0 (0)
7 (50.0)
20 (80.0)

0.009

3 (100)
5 (35.7)
3 (12.0)

0 (0)
9 (64.3)
22 (88.0)

0.003

2
9
25
6

2 (100)
5 (55.6)
8 (32.0)
0 (0)

  0 (0)
4 (44.4)
17 (68.0)
6 (100)

0.035

2 (100)
5 (55.6)
4 (16.0)
  0 (0)

   0 (0)
4 (44.4)
21 (84.0)
6 (100)

0.004

P value

pTNM
Ⅰ
Ⅱ
Ⅲ
Ⅳ

The expression of E-cadherin and P120 tended to be
reduced in poorly-differentiated tumors compared with
well- and moderately-differentiated tumors. In addition,
the expression of E-cadherin and P120 was inversely
associated with the pTNM stage of tumors (P = 0.035
and P = 0.004, respectively).
Relationship between expression of E-cadherin and
P120 and clinical parameters of ICCs
As shown in Table 2, the expression of E-cadherin
or P120 was significantly associated with intrahepatic matestasis of ICC (P = 0.007 and P = 0.041,
respectively). No statistically significant difference was
observed between the expression level of E-cadherin
or P120 and tumor size, capsular and vascular invasion,
lymph node permission and satellite nodules.

  

Relationship between expressions of E-cadherin and
P120 in ICC
As shown in Table 3, positive and negative expression
of E-cadherin and P120 was found in 9 and 25 cases,
respectively. However, negative expression of P120 was
observed in 7 cases. There was a significant concordance
between the expressions of E-cadherin and P120 (P =
0.000).
Relationship between expression of E-cadherin/P120
and survival of ICC patients
The patients were followed up for 4-67 months. The
overall sur vival rate of patients according to the
expression of E-cadherin and P120 in tumor is shown in
Figure 2. Analysis of the survival of all patients showed
that abnormal expression of E-cadherin and P120 was
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Table 2 Relationship between expressions of E-cadherin/P120 catenin and clinical parameters of ICC

n (%)

E-cadherin
Size
< 5 cm
5-10 cm
> 10 cm
Capsular invasion
+
Satellite nodules
+
Vascular invasion
+
L.N.P
+
I.M.
+
-

P120 catenin

n

+

-

P value

+

-

P value

17
16
9

7 (41.2)
5 (31.3)
3 (33.3)

10 (58.8)
11 (68.7)
6 (66.7)

0.826

6 (35.3)
3 (18.8)
2 (22.2)

11 (64.7)
12 (81.2)
7 (77.8)

0.584

6
36

4 (66.7)
11 (30.6)

2 (33.3)
25 (69.4)

0.164

3 (50)
8 (22.2)

3 (50)
28 (77.8)

0.391

11
31

4 (36.4)
11 (35.5)

7 (65.6)
20 (64.5)

1

3 (27.3)
8 (25.8)

8 (72.7)
23 (74.2)

0.314

13
29

2 (15.4)
13 (44.8)

11 (84.6)
16 (55.2)

0.089

1 (7.7)
10 (34.5)

12 (92.3)
19 (65.5)

0.127

7
35

1 (14.3)
14 (40)

6 (85.7)
21 (60)

0.39

0 (0)
11 (31.4)

7 (100)
24 (68.6)

0.161

10
32

0 (0)
15 (46.9)

10 (100)
17 (53.1)

0.007

  0 (0)
11 (34.4)

10 (100)
21 (65.6)

0.041

Table 3 Relationship between expression of E-cadherin and
P120 catenin in ICC

Table 4 Cox multivariate analysis for survival of 37 patients
Sig

P120
E-cadherin

+
9
2

+
-

A

1.2

P value

6
25

0.000

P120 expression

1.0

P = 0.004

Survival

0.8
0.6

(+)

0.4

(-)

E-cadherin expression
P120 expression
Differentiation
pTNM stage
Tumor size
Capsular invasion
Satellite nodules
Vascular invasion
Limph node invasion
Intrahepatic metastasis

0.724
0.049
0.194
0.073
0.037
0.052
0.709
0.948
0.087
0.786

RR
1.525
0.088
0.407
2.898
0.387
17.046
1.597
0.961
4.72
1.352

95% CI
Lower

Upper

0.147
0.008
0.105
0.904
0.159
0.981
0.137
0.284
0.8
0.154

15.827
0.991
1.583
9.288
0.944
6.166
18.578
3.247
27.855
11.899

  mm     

Sig: Significance; RR: Relative risk; CI: Confidence interval.

0.2
0.0
-0.2
10

B

20
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E-cadherin expression
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DISCUSSION
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Survival

60

0.6

(+)

0.4
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20
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Figure 2 Kaplan-Meier survival curves. A: Expression of P120 induced type”(-)
and B: Expression of E-cadherin.

significantly correlated with the poor survival of patients
(P = 0.024 and P = 0.004, respectively). However,
www.wjgnet.com

when the expression of E-cadherin or P120 and the
clinicopathological parameters were analyzed by the Cox
regression model, abnormal expression of P120 was
found to be an independent prognostic factor for ICC
patients (P = 0.049) (Table 4).

Usually, ICC is an adenocarcinoma and may arise from
the large intra-hepatic bile ducts near the hepatic hilus or
from the bile ducts at the border of hepatic parenchyma.
It was reported that altered expression of E-cadherin/
catenins complex in ICC occurs frequently and is
significantly correlated with tumor histological features
and/or vascular invasion and metastasis[9-14].
It was recently reported that P120 plays a role in
the occurrence of various cancers, and that P120 may
behave either as a tumor suppressor or as a metastasis
promoter, depending on the loss of E-cadherin and P120.
If E-cadherin is lost first, P120 may directly and actively
promote metastasis. If P120 is lost first, E-cadherin levels
would fall significantly, which is likely to be parallel to

Zhai B et al . Expression of P120 catanin in human cholangiocarcinoma

the reduced levels of α-and β-catenins[15]. P120 downregulation results in a striking dose-dependant loss of
endogenous cadherins, indicating that P120 is essential for
cadherin stability. Moreover, P120 down-regulation occurs
frequently in almost all carcinomas[16]. P120 loss is often
associated with the stage and poor prognosis of tumors,
suggesting that its loss may be associated with biological
aggressiveness and progression of tumors. Nevertheless,
to our knowledge, no report is available on the expression
of P120 in human intrahepatic chola-giocarcinoma.
The present study showed that reduced or absent
expression of E-cadherin and P120 was associated with
the histological grade of tumors, which is consistent
with reported data[17-21]. In well-differentiated tumors,
there were obvious and strong staining along the cell-cell
boundaries, whereas in poorly- differentiated tumors, the
immunohistostaining was focally and heterogeneously
distributed, with patchy or spotty features along the cellcell boundaries, indicating that the staining of E-cadheri
and P120 is related with the differentiation of ICC,
namely both E-cadherin and P120 may be regarded
as differentiation markers of tumor. In addition, the
staining intensity of the E-cadheri and P120 complex
was gradually decreased, suggesting that P120 may play a
critical role in ICC progression.
Microscopy revealed that E-cadherin was located on
the membrane either in non-tumor tissues or in tumor
cells, whereas P120 was expressed on the membrane or
in cytoplasm of tumor cells. However, it was reported
that P120 is also in nuclei[22], suggesting that P120 plays
an important role in cell signal transduction. P120 has
an intrinsic nucleocytoplasmic shuttling activity that is
modulated, in part, by extrinsic factors such as cadherin
binding and interactions with the microtubule network[22].
Julia and his colleagues reported[23] that P120 displays upregulation and nuclear expression in pancreatic cancer.
No expression of P120 in nuclei of cancer cells, however,
was observed in our study, suggesting that it is necessary
to further investigate the mechanism underlying P120
expression in nuclei of cancer cells.
In this study, we observed the relationship between
reduced expression of E-cadherin and P120 and several
clinicopathologic parameters of ICC. The expression
of P120 and E-cadherin was significantly associated
with tumor pTNM stage and intrahepatic metastasis
(IM), but not with tumor stage and size, capsular and
vascular invasion, and lymph node invasion. Osada and
his colleagues[24] revealed that E-cadherin is involved in
intra-hepatic metastasis of hepatocellular carcinoma.
Asayama et al[13] detected the expression of E-cadherin
in hepatocellular carcinoma and cholangiocarcinoma,
and found that reduced expression of E-cadherin is
significantly correlated with the grade and IM of ICC.
Therefore, E-cadherin and P120 may be important
mediators in tumor progression, and can be considered
as invasion and metastasis markers of ICC.
Several studies on other cancers have evaluated the
relationship between the expression of E-cadherin/
P120 and the survival of patients, but the results remain
debatable[25-29]. In the present study, reduced expression of
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both E-cadherin and P120 was significantly related with
the survival of patients. However, when the expression of
E-cadherin/P120 and the clinicopathological parameters
of ICC were analyzed by the Cox regression model, only
the abnormal expression of P120 was found to be an
independent prognostic factor for ICC, suggesting that
P120 can be considered a valuable biological marker for
predicting the prognosis of ICC patients.
In summary, abnormal expression of E-cadherin and
P120 catenin occurs frequently in intrahepatic cholangiocarcinoma. Reduced expression of P120 catenin and
E-cadherin is correlated with tumor differentiation,
pTNM stage, intrahepatic metastasis and survival of
patients. Both P120 catenin and E-cadherin may play an
important role in the development and progression of
human intrahepatic cholangiocarcinoma.
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Abstract
AIM: To study the effects of different Helicobacter
pylori (H pylori ) culture filtrates on growth of gastric

epithelial cells.
METHODS: Broth culture filtrates of H pylori were
prepared. Gastric epithelial cells were treated with the
filtrates, and cell growth was determined by growth
curve and flow cytometry. DNA damage of gastric
epithelial cells was measured by single-cell microgel
electrophoresis.
RESULTS: Gastric epithelial cells proliferated actively
when treated by CagA -gene-positive broth culture
filtrates, and colony formation reached 40%. The number
of cells in S phase increased compared to controls. Comet
assay showed 41.2% comet cells in GES-1 cells treated
with CagA-positive filtrates (P < 0.05).
CONCLUSION: CagA-positive filtrates enhance the
changes in morphology and growth characteristics of
human gastric epithelial tumor cells. DNA damage maybe
one of the mechanisms involved in the growth changes.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Infection with the gastric bacterium Helicobacter pylori
(H pylori) the causative agent of chronic gastritis is
associated with an increased risk of developing gastric
cancer [1-6]. The international agency for research on
cancer has classified H pylori as a type Ⅰ carcinogen[7-10].
A number of studies have pointed to a link between
carriage of CagA+ strains and an increased risk of
gastric cancer[11-13]. The mechanism by which H pylori
promotes the development of gastric cancer is presently
unclear. Studies have shown that CagA can bind to other
signaling molecules, such as SHP2, GRB2, c-MET and
phospholipase C to promote gastric carcinogenesis[14-19],
which depends on a type Ⅳ secretion system to
translocate CagA into host cells.
The aim of this study was to investigate the effects
of H pylori culture filtrates that contained CagA protein
on the growth of gastric epithelial cells. CagA-genepositive and negative H pylori culture filtrates were
prepared to treat gastric epithelial cells, to observe DNA
damage and growth changes.

MATERIALS AND METHODS
Bacterial strains
H pylori strains NCTC11639 (CagA-positive, VacA-negative)
and G50 (CagA-negative, VacA-negative) were provided by
the Chinese Center for Disease Control and Prevention.
Production of culture filtrates
H pylori was grown in Brucella broth, supplemented
with 5% fetal calf serum (Gibco, Grand Island, NY,
www.wjgnet.com
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USA), for 24-36 h at 37℃ in a thermostatic shaker under
microaerophilic conditions. As described by Sommi
et al [20], when bacterial suspensions reached A 450 1.2
(corresponding to a bacterial concentration of 5 ×
108 CFU/mL), to obtain the H pylori culture filtrate, we
then removed bacteria by centrifugation (12 000 g for
10 min) and sterilized the supernatants by passage through
a 0.22 μ m cellulose acetate filters (Nalge, Rochester,
NY, USA). Uninoculated broth filtrate served as a blank
control. To remove ammonia, we dialyzed control and
culture filtrates against Hanks’ balanced salt solution for
36 h in dialysis tubing, with a 12 kDa molecular mass
cutoff (Sigma, St. Louis, MO, USA). The presence of
CagA in the culture filtrates was tested by means of
SDS-PAGE, followed by Western blotting [21,22]. Total
protein content was determined by measuring A280. The
conditioned broth was stored at -70℃ until use. There
were three groups: CagA+, CagA- and blank control.
Western blotting
Culture filtrates were subjected to 12% SDS-PAGE
and transferred to polyvinylidene membranes using
standard procedures, and incubated with primary
monoclonal anti-CagA antibodies (1:5000) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Horseradish
peroxidase-conjugated secondary antibodies (Boster,
China) were used and the immunoreactive proteins were
visualized by an ECL detection system (Amersham
Biosciences, Uppsala, Sweden).
Human gastric epithelial cells
GES-1 cells (Beijing Institute for Cancer Research
Collection) were maintained in DMEM high-glucose
medium (Gibco) containing 10% FCS (Sigma, Poole,
UK) and different H pylori culture filtrates (10% v/v),
in 24-well plates. Cell cultures were maintained at 37℃
in a humidified atmosphere of 95% air and 5% CO2,
continuously for 1 mo. The culture medium was changed
every 3 d.
MTT assay for cell proliferation
The effect of culture filtrate on endothelial cell
proliferation was determined by MTT assay (Sigma).
Briefly, GES-1 cells were plated in 24-well plates and
cultured overnight in growth medium for 1 mo. 2.5 ×
104 cells were inoculated in three groups: CagA+, CagAand blank control. The viable cells were quantified
by, MTT assay at 1-7 d, following the manufacturer’s
instructions.
Flat clone formation test
The gastric epithelial cells in logarithmic phase were
digested to produce single-cell suspension by 0.25%
tryptase. Five hundred cells were dispersed in a culture
dish (diameter 60 mm); culture medium was added,
and the cells were cultured for 2 wk. When clones
were visible, the supernatant was removed, and fixed
in methanol for 15 min. The samples were stained with
0.4% crystal violet for 20 min, rinsed in water, air dried,
www.wjgnet.com
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and the number of clones that contained above 50 cells
was calculated, according to the formula: cloning rate =
average clone number/500 × 100%.
Cell cycle and apoptosis rate analysis by flow cytometry
For analysis of DNA content, cells treated with different
H pylori culture broths were harvested after 72 h and
fixed with 70% cold ethanol for 4 h. The apoptosis
rate was detected by flow cytometry (FACSalibur, BD
Biosciences). Briefly, 1 × 106 cells/mL were suspended
in 0.2% triton X-100/PBS solution containing 1 g/L
ribonuclease A. After incubation for 20 min, DNA was
stained with 50 mg/L propidium iodide. Flow cytometry
was performed to determine the apoptosis rate.
Single-cell microgel electrophoresis (comet assay)
The alkaline comet assay in single-cell suspensions
was performed according to the method of Singh
et al[23], with some modifications[24]. Briefly, 15 µL of
the single cell suspension (2 × 104 cells) was embedded
in 0.5% low-melting-point agarose (Sigma) and spread
on agarose-precoated microscope slides. Slides were
immersed overnight at 4℃ in freshly prepared cold
lysis solution [2.5 mol/L NaCl, 100 mmol/L EDTA,
10 mmol/L Tris, 1% sodium salt N-lauryl sarcosine
(pH 10), with 1% triton X-100, and 10% DMSO added
fresh; all supplied by Sigma]. Subsequently, the cells
were exposed to alkaline buffer (1 mmol/L EDTA and
300 mmol/L NaOH, pH 13.4) at 4℃ for 40 min, to allow
DNA unwinding, and expression of alkali-labile sites. In
the same solution, electrophoresis was conducted at 4℃
for 20 min, at 25 V and 300 mA. After electrophoresis,
the slides were neutralized (0.4 mol/L Tris, pH 7.5),
stained with 40 μL ethidium bromide (EtBr) (20 µg/mL),
and analyzed with a fluorescence microscope (Axioplan Ⅱ;
Zeiss, Oberkochen, Germany), under green light at 400
nm, using an image analysis system (Comet Assay Ⅱ;
Perceptive Instruments, Suffolk, UK). Two hundred
randomly selected cells (100 from each of two replicate
slides) were evaluated from each sample, and the mean of
the tail moment was determined. Tail moment according
to Comet Assay Ⅱ is defined as ‘‘the product of DNA in
the tail, and the mean distance of migration in the tail. It
is calculated by multiplying tail intensity/sum of comet
intensity by tail center of gravity minus peak position.’’
Using this method, the extent of DNA migration is
related to the level of DNA damage in each cell, which
creates the comet tail images.
Gastric epithelial cell morphology
Gastric epithelial cells treated continuously for 1 mo
were collected and digested by 0.25% tryptase to yield
a cell suspension, centrifuged at 1000 g for 10 min. The
supernatant was removed, and the precipitate was fixed with
5% glutaraldehyde. Ultrathin sections were cut and observed
under an electron microscope (H-600, Hitachi, Japan).
Statistical analysis
All data were expressed as mean ± SE. SPSS 10.0
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Table 1 Determination of DNA damage by single-cell
microgel electrophoresis

CagACagA+

1.0

Comet cell rate (%)
Comet tail length

0.5

0

CagA+

CagA-

Control

41.2a
78.6 ± 5.0a
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14.2 ± 6.3

5
6.8 ± 2.1

a
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Figure 1 Cell proliferation determined by MTT assay. P < 0.05, CagA+ vs
control and CagA+ vs CagA-.
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Figure 2 S-phase cells. P < 0.05, CagA+ vs CagA-.

software was used for one-way analysis of variance and q
test. P < 0.05 was considered statistically significant.

RESULTS
Western blotting of CagA and cell proliferation
determined by MTT assay
CagA expression was detected in the CagA+, CagA- and
control groups. GES-1 cells proliferated actively when
treated by CagA and H pylori culture filtrates. There were
significant differences between the two groups (Figure 1).
Flat clone formation test
After treatment with H pylori culture filtrates, the flat
clone formation test in the CagA+ group showed that
the GES-1 clone number was larger than that of the
CagA-, and control groups (200 vs 88.12, P = 0.005).
The clone formation rates were 40%, 17.6% and 2.4%,
respectively. Statistical analysis revealed a significant
difference between the CagA+ and CagA- groups.
Effects of culture filtrates on GES-1 cell cycle and
apoptosis rate
Flow cytometry showed that the number of S-phase cells
increased more in the CagA+ group than in the control
group at 1, 3 and 6 d (33.03% vs 9.16%, 53.46% vs 6.83%,
and 35.55% vs 8.10%, respectively), which was higher
than in the CagA-group (P = 0.034). After GES-1 cells
had been treated with different H pylori culture filtrates

Figure 3 DNA damage measured by single-cell microgel electrophoresis. A:
Comet tails in control group; B: Comet tails in CagA- group; C: Comet tails in
CagA+ group.

for 1 mo, the detection of apoptotic cells was carried out
by flow cytometry, and repeated eight times. The mean
percentage of hypodiploid cells in the CagA+, CagAand control cells was 5.6%, 4.4% and 3.7%, respectively.
Statistical analysis revealed no significant difference
among the three groups (Figure 2).
Determination of DNA damage by single-cell microgel
electrophoresis
Single-cell microgel electrophoresis showed in the
control group that the ratio of comet cells was 5%, less
than that in the CagA+ and CagA- groups. There were
more comet cells after treatment with CagA+ broth than
in the CagA- group, (41.2% vs 12.5%, P = 0.024, Table 1).
The average comet tail length in the CagA+ group was
78.6 ± 5.0, which was larger than that in the CagAgroup (14.2 ± 6.3, P = 0.036, Figure 3).
Cell morphology
Electron microscopy revealed dyskaryosis, nucleolar
hypertrophy and karyokinesis in CagA-treated cells
(Figure 4C), compared to the control and CagA- groups.

DISCUSSION
Infection with strains of H pylori that car r y the
CagA-gene is associated with gastric carcinoma. The
mechanism is still not clear. Recent studies have shown
that the CagA-gene product is delivered to gastric
epithelial cells by the bacterial type Ⅳ secretion system
to deregulate the SHP2 oncoprotein, which can promote
gastric carcinogenesis[14-19].
In the present study, we prepared different H pylori
culture filtrates containing the CagA protein to treat gastric
epithelial cells. We found that GES-1 cells, after being
treated with CagA-gene-positive culture filtrates, showed
dyskaryosis, nucleolar hypertrophy and karyokinesis.
The growth curve showed that GES-1 cells proliferated
actively, and colony formation reached 40%. The number
of S-phase cells obviously increased compared to the
www.wjgnet.com
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Figure 4 GES-1 treated with different H pylori filtrates. A: Control group; B: CagA-group; C: CagA+ group.

controls. These results demonstrate that CagA+ filtrates
of H pylori can induce carcinogenesis in gastric epithelial
cells. Research has shown that reconstruction of CagA
fragment induces paraplastic changes in epithelial cells in
vitro, which supports the suggestion that CagA is involved
in gastric carcinogenesis[20-21]. All these results support our
findings.
Ladeira et al[25] have used the comet assay or singlecell gel electrophoresis to investigate the status of DNA
damage in gastric epithelial cells from the antrum and
corpus in patients with H pylori infection, and gastritis
of varying degrees. They have demonstrated that the
level of DNA damage in H pylori-infected individuals is
significantly higher than that in non-infected individuals,
with the levels of DNA damage significantly higher in
those aged ≥ 50 years.
T he DNA re pair enzyme human oxoguanine
glycosylase 1 (hOGG1) is known to be responsible for
the repair of the 8-hydroxy-deoxyguanosine (8-OHdG)
region. Of the hOGG1 polymorphisms identified,
a Ser→Cys polymorphism at position 326 has been
found to interact with atrophic gastritis, but not with
antioxidant dietary or nutrient intakes. It is likely that
this makes patients with atrophic gastritis, who also
have the hOGG1 Cys allele, more susceptible to gastric
cancer[26]. The concentrations of 8-OHdG, inducible
nitric oxide synthase (iNOS), nuclear factor κB, myeloid
cell leukemia-1, and inhibitor of apoptosis protein are
significantly higher in patients with H pylori infection, and
in those with stage 3 and 4 gastric cancer. This points
to the pivotal role that oxygen-free-radical-mediated
DNA damage caused by H pylori infection plays in
the development of gastric carcinoma from chronic
gastritis[27]. Single-cell gel electrophoresis is a simple and
sensitive method for detecting DNA damage in cells.
In this study, we found 41.2% of CagA+ cells formed
comet tails. This shows that CagA+ culture broth filtrate
has the ability to cause DNA breakage or damage, which
may lead to the transformation of gastric epithelial cells.
H pylori-associated inflammation related to DNA
damage is indicated by increased levels of oxidative
DNA damage, increased occurrence of apoptosis and
proliferation, as well as increased expression of iNOS,
which seems to provide the mechanistic link between

www.wjgnet.com

H pylori infection and gastric carcinogenesis [28,29] .
Upregulation of iNOS expression might contribute
to the oxidative DNA damag e obser ved during
H pylori infection[30]. Yabuki et al[31] have investigated cell
proliferation and DNA damage in ablation samples from
35 cases of gastric carcinoma, and have indicated that
cell damage in H pylori-infected human gastric mucosa
increases cell proliferation.
We found that CagA+ culture broth filtrate induced
DNA damage in human gastric epithelial cells in vitro,
which suggests that CagA is involved in DNA damage
in gastric epithelial cells. All results showed that CagA+
broth culture filtrates of H pylori could accelerate human
gastric epithelial cell growth and alter their morphology.
It is not clear that there are other factors apart from
CagA involved in the transformation of gastric epithelial
cells induced by CagA+ culture broth filtrate.
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COMMENTS
Background

It is widely accepted that there is a strong association between Helicobacter pylori
(H pylori infection) and gastric cancer, but the exact molecular mechanism of the
pathogen in gastric carcinogenesis has not yet been clarified. DNA damage is
involved in the carcinogenesis process. Single-cell gel electrophoresis is a simple
and sensitive method for detecting DNA damage in cells.

Research frontiers

There has been considerable interest in recent years in virulence factors, such
as CagA protein, which predispose individuals to develop gastric carcinoma.
Understanding DNA damage in gastric epithelial cells will provide us with a new
strategy for effective prevention of gastric cancer induced by H pylori infection.
It is also helpful to clarify CagA protein carcinogenesis.

Innovations and breakthroughs

In this study, the mechanism of H pylori infection in gastric carcinogenesis
was explored by studying its effects on DNA damage in gastric epithelial cells
in vitro. The results suggest that H pylori can induce DNA damage in cultured
gastric epithelial cells, and the effect of CagA+ strains was more significant than
CagA- strains.
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Applications

This study emphasizes the close relationship between H pylori, especially CagA+
strains, and gastric carcinoma. It provides a new approach to elucidating the
mechanism of H pylori gastric carcinogenesis. It also implies that compounds
able to repair DNA damage in H pylori-infected cells may be used to create new
strategies for the prevention and/or treatment of human gastric malignancy.

Peer review

This study seems innovative and interesting. Products of DNA damage have
been observed in various pathological processes of the digestive tract, including
gastric cancer. To the best of our knowledge, there are still many aspects of
the mechanism of H pylori infection in gastric carcinogenesis to explore, by
studying its effects on DNA damage in gastric epithelial cells in vitro.
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Abstract
AIM: To evaluate the clinical value of serum CA19-9
levels in predicting the respectability of pancreatic
carcinoma according to receiver operating characteristic
(ROC) curve analysis.
METHODS: Serum CA19-9 levels were measured
in 104 patients with pancreatic cancer which were
possible to be resected according to the imaging. ROC
curve was plotted for the CA19-9 levels. The point
closest to the upper left-hand corner of the graph were
chosen as the cut-off point. The sensitivity, specificity,
positive and negative predictive values of CA19-9 at
this cut-off point were calculated.
RESULTS: Resectable pancreatic cancer was detected
in 58 (55.77%) patients and unresectable pancreatic
cancer was detected in 46 (44.23%) patients. The
area under the ROC curve was 0.918 and 95% CI was
0.843-0.992. The CA19-9 level was 353.15 U/mL, and
the sensitivity and specificity of CA19-9 at this cutoff point were 93.1% and 78.3%, respectively. The
positive and negative predictive value was 84.38% and
90%, respectively.
CONCLUSION: Preoperative serum CA19-9 level is a
useful marker for further evaluating the resectability
of pancreatic cancer. Obviously increased serum levels
of CA19-9 (> 353.15 U/mL) can be regarded as an
ancillary parameter for unresectable pancreatic cancer.
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INTRODUCTION
The prognosis of pancreatic cancer is extremely poor
and its early diagnosis is difficult[1,2]. Surgical resection
offers the best chance of cure. However, local vascular involvement, nodal and distant metastases are frequently found at the time of diagnosis, thus losing the
opportunity of operation[3]. At present, the best way
for preoperative staging of pancreatic cancer is boluscontrast, and triple-phase helical computed tomography,
which has been shown to be almost 100% accurate in
predicting unresectable disease[4-6]. However, approximately 25%-50% of patients with resectable disease on
computed tomography are found to have unresectable
lesions at laparotomy[7].
CA19-9 is the most widely used pancreatic cancer serum marker. Serum CA19-9 level has been shown to correlate with the thyroid node metastasis (TNM) staging, and
tumor size in patients with pancreatic cancer[8]. However,
little is known about the value of serum CA19-9 level in
evaluating the resectability of pancreatic carcinoma.
Receiver operating characteristic (ROC) curve has
been widely accepted as the standard method for dscribing and comparing the accuracy of medical diagnostic
tests[9,10]. ROC curve is an efficient way to display and assess the predictive value of cut-off points.
In this study, we evaluated the clinical value of serum
CA19-9 level in predicting the resectability of pancreatic
carcinoma according to ROC curve analysis.

© 2008 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
We retrospectively reviewed the clinical and imaging data
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Table 1 Characteristics of patients (n = 104)
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59 ± 9 (mean ± SD)

2000.00
CA19-9

Data, n (%)

Characteristics
Age (yr)
Sex
Male
Female
Location of tumors
Head
Body
Body and tail
Type of operation
Pancreaticoduodenectomy
Distal pancreatectomy
Exploratory laparotomy and biopsy

3000.00

72 (69.2)
32 (30.8)

0.00
Resectable

48 (46.2)
10 (9.6)
46 (44.2)

58
46

CA19-9 (U/mL)

1500.00

500.00
353.15
Unresectable

Figure 1 Distribution of preoperative serum CA19-9 levels. The horizon marker
is set according to the cut-off point of CA19-9 (353.15 U/mL).

0.8

Wilcoxon

Q1

Q2

Q3

Z

P

15.57
361.30

130.10
656.20

270.25
1780.00

-5.132

0.000

including preoperative CA19-9 level in 104 patients with
pancreatic cancer who underwent surgical resection at
the Affiliated Hospital of Qingdao University Medical
College from January 2001 to July 2007. Pancreatic adenocarcinoma was histologically confirmed. Resectability
of pancreatic cancer was evaluated at least by preoperative bolus-contrast, triple-phase helical computer
tomography (CT) scan.
Resectability was defined as a tumour limited to the
pancreas with no invasion of the superior mesenteric
artery and vein, portal vein and metastases (celiac lymph,
peritoneum or liver).
Serum levels of CA19-9 and total serum bilirubin levels were measured before surgery (normal 0-39.0 U/mL
for CA19-9, 3.4-17.1 μmol/L for total serum bilirubin).
The data were described using Q1-3. Differences between groups were detected using the Wilcoxon 2-sample
test. Serum CA19-9 levels were used to plot the ROC
curve, and calculate the area under the curve (AUC). We
chose the point closest to the upper left-hand corner of
the graph as the cut-off point. The sensitivity, specificity,
positive and negative predictive values of CA19-9 at this
cut-off point were calculated. P < 0.05 was considered
statistically significant.

RESULTS
Of the 104 patients, 72 were males and 32 were females
with a mean age of 59 years (range 41-75 years). The
pancreatic tumor was confined to the head, body and
tail of the pancreas in 86, 8, and 10 patients, respectively.
Forty-eight patients underwent pancreatic- coduodenectomy, 10 patients distal pancreatectomy, and 46 only
exploratory laparotomy and biopsy. The general characteristics of the patients are listed in Table 1.
The distribution of preoperative serum CA19-9 levels

ROC curve

1.0

0.6
Sensitivity

Resectable
Unresectable

n

Distribution of preoperative serum CA19-9 levels

1000.00

86 (82.7)
8 (7.7)
10 (9.6)

Table 2 CA19-9 levels in patients with resectable and unresectable pancreatic cancer
Group

3751

0.4
0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 2 ROC analysis of CA19-9. Perfect discrimination has a ROC plot
passing through the upper left corner (100% sensitivity, 100% specificity). The
closer the ROC plot to the upper left corner, the higher the overall accuracy of
the test (AUC: 0.9-1 indicating excellent; 0.8-0.9 indicating very good; 0.7-0.8
indicating good; 0.6-0.7 indicating average; 0.5-0.6 indicating poor). The AUC
of CA19-9 was 0.918.

is shown in Figure 1. The Q2 (median) preoperative serum
CA19-9 level in patients with unresectable tumor was
5-fold higher than that in patients with resectable tumor
(Table 2). The difference between two groups was significant (P < 0.01). The mean total serum bilirubin level
in patients with resectable and unresectable tumor was
28.6 μmol/L and 34.4 μmol/L, respectively (P > 0.05).
Therefore, the CA19-9 levels were not adjusted.
Figure 2 shows the ROC curve. The AUC was 0.918
and 95% CI was 0.843-0.992, suggesting that changes
in serum CA19-9 levels may have a direct relation to
resectability[11,12]. When the cut-off value of CA19-9
was 353.15 U/mL according to the point closest to the
upper left-hand corner of the graph, the sensitivity and
specificity were 93.1% and 78.3%, respectively. The preoperative resectability according to the cut-off point was
compared with the actual operation, and the positive and
negative predictive value of CA19-9 was 84.38% and
90.00%, respectively (Table 3).

DISCUSSION
Pancreatic cancer is one of the most common causes for
www.wjgnet.com
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Table 3 Positive and negative predictive values of CA19-9 at
the cut-off point
Resection
Yes
No
CA19-9 (U/mL) ≤ 353.15
> 353.15
Total

54
4
58

10
36
46

Total

Predictive value

64
40
104

84.38% (+)
90.00% (-)

cancer-related death. The overall five-year survival rate
ranges from 0.4% to 4%, the lowest for any cancer[1,13].
Early diagnosis of pancreatic cancer is difficult because
its early symptoms are usually non-specific. Local
vascular involvement, nodal and distant metastases are
frequently found at the time of diagnosis[14].
Recently, considerable improvements in radiological
imaging make it possible to limit surgery for patients
who will benefit[15,16]. The current methods of choice for
diagnosing and staging pancreatic cancer are thin section,
contrast-enhanced, and triple-phase helical computed
tomography[17,18]. However, approximately 25%-50% of
patients with resectable disease on computed tomography are found to have unresectable lesions at laparotomy[7,19]. Although magnetic resonance imaging is increasingly used in the evaluation of pancreatic tumor, it was
reported that it offers no significant diagnostic advantage
over computed tomography[20]. Endoscopic retrograde
cholangio pancreatography (ERCP) is more controversial
for patients with a mass on CT[21]. B-mode ultrasonography is operator-dependent and may be inaccurate due to
factors such as large body habitus, presence of ascites,
or overlying bowel gas. Therefore we should find other
ways to further evaluate the resectability of pancreatic
cancer.
CA19-9 is a tumor-associated antigen, initially described by Koprowski et al[22]. The sensitivity and specificity of CA19-9 for the diagnosis of pancreatic cancer are
higher than than those of CEA, CA50 and CA242[23-25].
CA19-9 has become a predominant tumor marker for the
diagnosis of pancreatic adenocarcinoma. It was reported
that CA19-9 level is useful in diagnosis and prognosis
of pancreatic cancer[26,27]. However, little is known about
the value of serum CA19-9 levels in evaluating the resectability of pancreatic carcinoma[28]. This study was
to find whether preoperative serum CA19-9 is a useful
marker for evaluating the resectability of pancreatic
cancer.
In the present study, the differences between patients
with resectable and unresectable pancreatic cancer were
significant (P < 0.01). The AUC was 0.918 and 95% CI
was 0.843-0.992, suggesting that the preoperative serum
CA19-9 level is an efficient marker for evaluating the
resectability of pancreatic carcinoma. When the cut-off
value of CA19-9 was 353.15 U/mL according to the
point closest to the upper left-hand corner of the graph,
the sensitivity, specificity, positive and negative predictive value was 93.1%, 78.3%, 84.38% and 90%, respectively, indicating that increased serum levels of CA19-9
(> 353.15 U/mL) can be regarded as an ancillary parameter for the unresectable pancreatic cancer[29]. Pancreatic
www.wjgnet.com
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cancer was resectable only in 4 patients whose preoperative serum CA19-9 level was over 353.15 U/mL (Table 3
and Figure 1).
Kilic et al[30] reported that the sensitivity, specificity,
positive and negative predictive value are 82.4%, 92.3%,
91.4% and 83.9%, respectively, in 51 patients, and the
cut-off value of CA19-9 is 256.4 U/mL. Their results
are similar to our data, but the cut-off value was lower
than that in our study (256.4 U/mL vs 353.15 U/mL).
The discrepancy may be due the sample size, and the
unadjusted CA19-9 level according to the bilirubin level.
In conclusion, a preoperative serum CA19-9 level
is a useful marker for evaluating the resectability of
pancreatic cancer. Increased serum levels of CA19-9
(> 353.15 U/mL) can be regarded as an ancillary parameter for unresectable pancreatic cancer.
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Abstract
AIM: To evaluate the inhibitory effects of human
fragile histidine triad (FHIT) gene on cell proliferation
and apoptosis in human hepatocellular carcinoma line
Hep3B in vitro .
METHODS: A recombinant pcDNA3.1 (+)/FHIT
including the functional region of FHIT gene was
constructed and transferred into human hepatocellular
carcinoma cells in vitro . mRNA and protein expression
of the FHIT gene in the transfected cells was detected
by RT-PCR and Western blot, respectively. The effect
of FHIT on proliferation was detected by MTT assay.
Changes in cell cycle and apoptosis were assayed
by flow cytometry. Five mice received subcutaneous
transplantation of Hep3B-FHIT; 5 mice received
subcutaneous transplantation of normal Hep3B and
Hep3B-C as controls. The body weight of nude mice
and tumor growth were measured.
RESULTS: RT-PCR and Western blot analysis showed
that the expression level of FHIT-mRNA and FHIT
protein was higher in Hep3B cells after infection with
www.wjgnet.com

pcDNA3.1 (+)/FHIT. The growth of Hep3B cells treated
with pcDNA3.1 (+)/FHIT was significantly inhibited.
The pcDNA3.1 (+)/FHIT-transfected Hep3B cells
showed a significantly higher cell rate at G0-G1 phase
and increased apoptosis in comparison with controls
(P < 0.05). The growth of transplanted tumor was
inhibited markedly by FHIT. Tumors arising from the
Hep3B-FHIT cells occurred much later than those
arising from the Hep3B and Hep3B-C cells. The growth
of Hep3B-FHIT cells was slow and the tumor volume
was low.
CONCLUSION: Transduction of FHIT gene inhibits the
growth of human hepatocellular carcinoma cells and
induces cell apoptosis in vivo and in vitro .
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Fragile histidine triad (FHIT) gene has been successfully
cloned on chromosome 3p14.2 using an exon trapping
method for gene capture [1-4] . It was reported that
abnormal FHIT gene exists in majority of tumors, and
is an important candidate tumor-suppressing gene[5-10].
In the hepatoma cell line Hep3B, the FHIT gene,
mRNA, and protein are abnormal[11]. We constructed a
recombinant pcDNA3.1 (+) /FHIT vector containing
human (FHIT) gene, which was used to transfect human
hepatoma Hep3B cells in vitro and in vivo to explore the

Xu RH et al . Effect of fragile histidine triad gene on HCC cells

effect of FHIT gene on proliferation or apoptosis of
hepatocellular carcinoma cells.

MATERIALS AND METHODS
Bacteria, plasmids and cells
E.coli DH5 α and eukar yotic expression vector
pcDNA3.1 (+) were routinely kept in our laboratory.
PBluescript SK FHIT plasmid with a full-length FHIT
cDNA was kindly given by Professor Xiao-Fan Wang,
Duke University, USA. Hep3B cells were purchased
from the Chinese Academy of Sciences in Shanghai.
Main reagents
A reverse transcription-polymerase chain reaction (RTPCR) kit was purchased from Takara, Japan. FHIT
antibody was purchased from Zymed, USA. A cell cycle
assay kit was purchased from Becton Dickinson, USA.
Enzyme cutting and identification of DNA sequence
To establish an enzyme-cutting reaction, pcDNA3.1
(or PBluescript SK FHIT), BamH I and Xba I were
mixed in a water bath at 37℃ for 2 h. The mixture was
electrophoresed, and 1.0 kb FHIT gene fragments, and
a 5.4 kb linear pcDNA3.1 were retrieved separately
with electrophoresis coagulation plastic boxes. For
constructing the pcDNA3.1 (+) /FHIT vector, FHIT
gene fragments, linear pcDNA3.1 and T4 ligase were
mixed in an Eppendorf tube at 16℃ for 12 h to establish
a recombinant plasmid reaction. The pcDNA3.1 FHIT
vector was transferred into competent bacteria DH5,
and the clones were cultured and identified.
Cell culture and transfection
Hep3B cells were cultured at 37℃ in Dulbecco’s
modified Eagle’s medium containing 10% fetal
calf serum (Gibco), 1.0 mmol/L sodium pyruvate,
0.1 mmol/L non-indispensable amino acid and 5% CO2,
at a saturated humidity. Hep3B cells with strong growth
were seeded in 6-well plates. pcDNA3.1 (+) /FHIT
was transfected into the Hep3B cells at the density of
70% with Lipofectamine 2000 (liposome transfection
kit) following its manufacturer’s instructions. After
transfection, the cells were screened using G418 (500
mg/L) and the screening was maintained with G418
(250 mg/L). Hep3B cells transfected with FHIT gene
and empty vector were named Hep3B-FHIT and
Hep3B-C, respectively. Parent Hep3B cells were used as
an untransfected control.
RT-PCR
FHIT g en e wa s a m p l i f i e d w i t h p r i m e r s ( P 1 : 5 '
-ATGTCGTTCAGA-3', P2: 5'-CTGAAAGTACAC-3')
using the Hep3B-FHIT cells screened by G418 [12] .
Total RNA was extracted with TRIZOL method
and underwent reverse-transcription PCR. The PCR
products were electrophoresed on a 1% agarose gel.
One μL of the resulting cDNA was added into the PCR
reaction mixture (containing 1.0 μL of forward primer
(10 pmol/μL), 1.0 μL of reverse primer(10 pmol/μL),
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1.0 μ L of dNTPs(10 mmol/L), 0.5 μ L Taq DNA
polymerase). PCR was performed for 30 cycles, each
amplification cycle consisting of denaturation at 94℃ for
1 min, primer annealing at 44℃ for 1 min, and extension
at 72℃ for 45 s. The PCR products were analyzed on
10 g/L agarose gel containing ethidium bromide.
Western blot
The screened Hep3B-FHIT cells were lysed with a
cell-lysing solution. The protein concentration in the
supernatant after centrifugation was measured by
Bradford assay. The supernatant was electrophoresed
on a 12% SDS-polyacrylamide gel. The electrophoresed
proteins were transferred to nitrocellulose membrane,
blocked with calf serum, combined with FHIT antibody
and horseradish peroxidase secondar y antibody,
developed by enhanced chemiluminescence (ECL) and
photographed.
Measurements of growth capacity of transfected cells
by thiazolyl tetrazolium (MTT) assay
Ten thousand cells/well were seeded in 96-well plates
(200 μL/well), with 6 wells for each cell group and 3
wells for control. MTT (5 g/L) was used as an incubation
solution. DMSO was added to the cell culture for 4 h.
The luminous absorbance was measured by ELISA
(wavelength of 570 nm). The measurement was repeated
once a day for 6 days.
Flow cytometry analysis of cell cycle and apoptosis
After trypsinization, the cells were washed twice with
phosphate-buffered saline (PBS), fixed with cold ethanol
(70%) overnight, suspended in PBS after ethanol was
purged from PBS, and stained with propidium iodide (50
μg/mL). The samples were examined by flow cytometry.
Animal experiments
After forty-eight hours, 2 μ g of pcDNA3.1 (+) and
pcDNA3.1 (+)/FHIT plasmid was transfected with
Lipofectamine 2000 into Hep3B cell lines, and clones
were obtained by screening with G418 for 14 d.
The clones were cultured. The study was approved
by the Experimental Animal Committee of Tongji
Medical College, Huazhong University of Science
and Technology, and all animal experiments adhered
to the Animal Welfare Committee Guidelines. Male
athymic BALB/c nu/ nu mice (4-6 wk old) were
obtained from the Institute of Materia Medica (Tongji
Medical Colleg e, Wuhan, China) and housed in
laminar-flow cabinets under specific pathogen-free
(SPF) conditions. Fifteen male mice were randomized
i n t o H e p 3 B - F H I T / n u d e, H e p 3 B - C / n u d e a n d
Hep3B/nude groups, 5 in each group. A suspension
of Hep3B-FHIT or Hep3B-C or Hep3B cells (10 7
cells in 0.15 mL Hanks’ solution) was injected into
the back of mice in each group. After implantation,
tumor growth was detected weekly by measuring its
diameter with a Vernier caliper. Tumor volume (TV)
was calculated using the following formula: TV (mm3)
= d2 × D/2, where d is the shortest diameter and D
www.wjgnet.com
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is the longest diameter. Animals were sacrificed 7 wk
after implantation, and samples were harvested. The
body weight of mice, and tumor growth were measured.

M1
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2

Volume 14

M2

5.4 kb

Statistical analysis
The data were expressed as mean ± SD. Student’s twosided t-test was used to compare the values of the test
and control samples by software SPSS11.5. P < 0.05 was
considered statistically significant.

Number 23

Figure 1 Identification of pcDNA3.1
(+)/FHIT by enzyme-cutting assay.
M1: Marker l /DNA/Eco RⅠ+Hin d
Ⅲ ; M2: Marker DL2000, lane
1: pcDNA3.1 (+)/FHIT, lane 2:
pcDNA3.1 (+)/FHIT post enzyme
cutting.

1.0 kb

RESULTS
Identification of plasmid
The sequence of PBluescript SK FHIT detected in
Shanghai Biological Engineering Company was identical
to that of FHIT mRNA in GenBank (Lot. Number:
NM-002012). After enzyme-cut, agarose gel electrophoresis
showed two DNA bands of plasmid PBluescript FHIT (1.0
kb and 2.7 kb), two DNA bands of plasmid pcDNA3.1
(+)/FHIT (1.0 kb and 5.4 kb) (Figure 1); thus, pcDNA3.1
(+)/FHIT was successfully constructed.

A

M

3

2

1

FHIT-mRNA expression in transfected cells
After transfected with pcDNA3.1 (+)/FHIT, RT-PCR
showed a 400 bp band of Hep3B-FHIT cells. However,
the empty vector-transfected, or native cells did not
show any band (Figure 2A).
FHIT protein expression in transfected cells
Western blotting demonstrated FHIT protein (17 kDa)
in the cells transfected with pcDNA3.1 (+)/FHIT, but
no FHIT protein in empty vector-transfected or native
cells (Figure 2B).
Growth rates before and after transfection
Thiazolyl tetrazolium (MTT) assay showed that the
growth rate of transfected cells was significantly lower
than that of native or empty vector-transfected cells,
especially after the logarithm growth phase (P < 0.05,
Figure 3A).
Changes in cell cycle and apoptosis rate
Flow cytometry analysis revealed that the number of
Hep3B cells decreased in the G2/M and S phases, but
increased in the G0/G1 phase. The apoptosis rate was
higher for transfected cells than for empty vectortransfected or native cells (P < 0.05, Table 1).
Tumor growth
The growth of transplanted tumor was inhibited
markedly by FHIT, showing that tumors arising from the
Hep3B-FHIT cells occur much later than those arising
from the Hep3B and Hep3B-C cells. Hep3B-FHIT
cells grew slowly and their volume was small (Table 2,
Figure 3B).

DISCUSSION
It has been reported that FHIT is the first cancersuppressive gene which links fragile sites to tumors.
www.wjgnet.com

400 bp

β-actin

B

1

2

3
17 KDa

β-actin
Hep3B cells

Hep3B-C cells

Hep3B-FHIT cells

Figure 2 Expression of FHIT mRNA and protein in Hep3B-FHIT, Hep3B-C
and Hep3B cells. A: FHIT mRNA; B: FHIT protein. M: 1000 bp marker; Lane 1:
Hep3B cells; lane 2: Hep3B-C cells; lane 3: Hep3B-FHIT cells.

Abnormality of the FHIT gene is an early event during
tumor development[13-17]. Fracture at the fragile site results
in mutation and inactivation of the FHIT gene; thus
leading to abnormal cell growth[18-22]. Like many other
tumors, hepatoma is characterized by highly mutated
FHIT gene or gene loss. Yuan et al[11] found that downregulation of the FHIT gene is detected in 64.3％ cell
lines (four cell lines showing mRNA down-regulation did
not express FHIT protein); allelic loss of intron 5 of the
FHIT gene was detected in 29.4％ hepatomas by in situ
hybridization; structural alterations of chromosome 3p
were identified in 61.5％ of hepatocellular carcinomas;
expression of FHIT protein was not detectable in 50％
primary tumors with immunostaining[11].
FHIT may modulate APnA by hydrolysis of ApnA
to yield adenosine 5'-monophosphate (AMP). Due to
mutation of FHIT, loss of ApnA hydrolase activity
results in elevated Ap3A levels, intracellular accumulation
of APnA strengthens the growth signal transduction,
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Absorbance (570 nm)

A

3.5

Tumor size (mm3)

Hep3B cells
Hep3B-C cells

2.5

Cell type

2

Hep3B
Hep3B-C
Hep3B-FHITa

1.5
1
0.5
0

B

Table 1 Effect of FHIT gene on cell growth and apoptosis in
human hepatocellular carcinoma (mean ± SD)

Hep3B-FHIT cells

3

1

2
3
4
5
Time after adding DMSO to cells (d)

1600

Hep3B/nude

1400

Hep3B-C/nude
Hep3B-FHIT/nude

1200

G0/G1
54.36 ± 0.78
53.17 ± 0.52
72.23 ± 0.84

17.40 ± 1.32 28.01 ± 1.12
18.23 ± 2.51 28.55 ± 0.55
12.57 ± 0.42 15.12 ± 1.31

Apoptosis
rate (%)
3.78 ± 0.36
3.52 ± 0.33
9.74 ± 0.43

Table 2 Mean tumor formation time and mean tumor weight
in nude mice implanted with Hep3B, Hep3B-C or Hep3BFHIT cells ( n = 5, mean ± SD)
Group
Hep3B/nude
Hep3B-C/nude
Hep3B-FHIT/nude
Total F value
Total P value

800
600
400
   200
2
3
4
5
6
Time after adding DMSO to cells (wk)

G2/M

P < 0.05 vs Hep3B or Hep3B-C.

1000

1

S

a

6

1800

0
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7

Figure 3 Growth curves. A: Growth curves of human hepatocellular carcinoma
cells. Luminous absorbance of Hep3B-FHIT, Hep3B-C and Hep3B cells was
measured by ELISA (wavelength of 570 nm) after DMSO was added. The
measurement was done once a day for 6 d; B: Growth curves of tumors after
implantation of Hep3B, Hep3B-C or Hep3B-FHIT cells in nude mice. The mice
were injected sc with 1 × 107 (0.15 mL/mouse) Hep3B, Hep3B-C or Hep3BFHIT cells. After implantation, tumor growth was detected weekly.

and blocks growth inhibition and apoptosis, thus
contributing to carcinogenesis. Additionally, the
activity of FHIT on mRNA cap analogs raises the
possibility that failure of a decapping function might be
tumorigenic[12,23,24].
Gramantieri et al [13] examined the mRNA FHIT
expression in both cancerous and matched noncancerous tissues in 28 cases of hepatocellular carcinoma
(HCC) and 10 nor mal livers, and abnor mal FHIT
transcripts were detected in 13 cases (in cancerous tissue
from 11 cases and in non-cancerous tissue from 2 cases).
No abnormal FHIT transcripts were found in normal
livers. It was recently reported that many other factors
can also induce liver carcinogenesis in rats[25-29].
Siprashvili et al[30] found that transduction of wildtype FHIT or mutative FHIT with no hydrolase activity
into tumor cells lacking FHIT gene did not show any
advantage to cell growth, and no difference was found
in suppression of tumorigenicity, suggesting that FHIT
suppresses the tumorigenicity through FHIT protein
in combination with its substrate rather than through
hydrolysis of APnA. Its more precise mechanism needs
to be further explored.
In this study, the full-length of the FHIT cDNA
eukaryotic expression vector was transfected into human
hepatocellular carcinoma cell line, Hep3B, to manipulate
FHIT expression, which alters the biological features
of Hep3B cell line. The results indicate that successfully

Mean tumor formation
time (d)

Mean tumor weight
(g)

3.22 ± 0.31
3.08 ± 0.34
12.17 ± 1.19
72.38
0.00

3.66 ± 0.40
3.94 ± 0.39
0.60 ± 0.04
168.36
0.00

transfected Hep3B cells could express FHIT mRNA
and FHIT protein, whereas the empty-vector transfected
Hep3B or native cells did not express them. Moreover,
cell proliferation and differentiation were significantly
decreased at the G2/M and S phases, and cell apoptosis
increased at the G0/G1 phases of Hep3B cells transfected
with FHIT gene as compared with the control group,
suggesting that FHIT gene plays an important role in
blocking cell growth at the G1 phase, and in inducing cell
apoptosis synergized by other apoptosis-inducing factors.
Furthermore, transfer of FHIT gene could inhibit the
growth of human hepatocellular carcinoma cells, and
induce cell apoptosis in vivo.
In conclusion, FHIT mRNA, and protein are
expressed in FHIT-infected Hep3B cells, thus leading
to low proliferation, and high apoptosis of HCC cells.
Transfection of FHIT gene into human hepatocellular
carcinoma cells is a promising therapeutic approach to
HCC.

COMMENTS
Background

Abnormal fragile histidine triad (FHIT) gene, an important candidate tumorsuppressing gene, exists in a majority of tumors. In the hepatoma cell line
Hep3B, the FHIT gene, mRNA, and protein is abnormal. Therefore, we
constructed a recombinant pcDNA3.1 (+)/FHIT vector containing human
fragile histidine triad (FHIT) gene, which was used to transfect human
hepatoma Hep3B cells in vitro and in vivo to explore the effect of FHIT gene on
proliferation or apoptosis of hepatocellular carcinoma cells.

Research frontiers

Application of gene transfer technologies in treatment of cancer has led to
the development of new experimental strategies like inhibition of oncogenes,
restoration of tumor-suppressor genes and enzyme/prodrug therapy (GDEPT).
These strategies are being evaluated for the treatment of primary and
metastatic liver cancer.

Innovations and breakthroughs

In this study, we constructed a recombinant pcDNA3.1 (+)/FHIT vector
containing human FHIT gene, which can be used to transfect human hepatoma
Hep3B cells (FHIT null) in vitro and in vivo. Transfection of FHIT gene could
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inhibit the growth of human hepatocellular carcinoma cells, and induce cell
apoptosis.

Applications

Transfection of FHIT gene into human hepatocellular carcinoma cells is a
promising therapeutic approach to HCC.

Peer review

In this paper, the authors evaluated the effect of human FHIT gene on cell
proliferation and apoptosis in hepatocellular carcinoma in vitro and in vivo. It is
a very interesting paper, and the study is well designed. It provides a potential
therapeutic target for hepatocellular carcinoma.
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Abstract
Neurenteric cysts are extremely rare congenital
anomalies, often presenting in the first 5 years of life,
and are caused by an incomplete separation of the
notochord from the foregut during the third week of
embryogenesis. They are frequently accompanied with
spinal or gastrointestinal abnormalities, but the latter
may be absent in adults. Although usually located in
the thorax, neurenteric cysts may be found along the
entire spine. We present a 24-year-old woman admitted
for epigastric pain, nausea, vomiting, low grade fever
and leucocytosis. She underwent cystogastrostomy for
a loculated cyst of the distal pancreas at the age of
4 years, which recurred when she was at the age of
11 years. Ultrasound and computer tomography (CT)
scan revealed a 16 cm × 15 cm cystic mass in the
body and tail of pancreas, with a 6-7 mm thickened
wall. Laboratory data and chest X-ray were normal
and spinal radiographs did not show any structural
abnormalities. The patient underwent a complete cyst
excision, and after an uneventful recovery, remained
symptom-free without recurrence during the 5-year
follow-up. The cyst was found to contain 1200 mL of
pale viscous fluid. It was covered by a primitive singlelayered cuboidal epithelium, along with specialized
antral glandular parenchyma and hypoplastic primitive
gastric mucosa. Focal glandular groups resembling

those of the body of the stomach were also seen. In
addition, ciliary respiratory epithelium, foci of squamous
metaplasia and mucinous glands were present. The
wall of the cyst contained a muscular layer, neuroglial
tissue with plexogenic nerve fascicles, Paccini
corpuscle-like structures, hyperplastic neuro ganglionar
elements and occasional psammomatous bodies, as
well as fibroblast-like areas of surrounding stroma.
Cartilagenous tissue was not found in any part of the
cyst. Immunohistochemistry confirmed the presence of
neurogenic elements marked by S-100, GFAP, NF and
NSE. The gastric epithelium showed mostly CK7 and
EMA immunoexpression, and the respiratory epithelium
revealed a CK8 and CK18 immunoprofile without CK
10/13 positive elements, though neither CEA or AFP
positive cells were found. To our knowledge, this is the
first reported case of an abdominally located neurenteric
cyst with no associated spinal anomalies.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Foregut duplications can be classified into three groups:
enteric cysts (lined with intestinal epithelium), bronchogenic cysts (lined with respiratory epithelium), and
neurenteric cysts (where enteric cysts are associated with
vertebral anomalies or communications with the nervous
system)[1,2].
Neurenteric cysts are extremely rare congenital
anomalies, usually diagnosed in infancy[3,4] and tend to
be located in the right upper posterior mediastinum, but
can be found anywhere along the spine or even intracrawww.wjgnet.com

3760

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

nially[1,5,6]. They may be associated with spinal anomalies
such as hemivertebrae and anterior spina bifida[5], and
esophageal atresia[7,8], though these associated abnormalities may be absent in adults[5].
We describe the first reported case of an abdominal
neurenteric cyst, with no associated spinal anomalies.
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CASE REPORT
A 24-year-old woman presented to our unit in 2001 with
epigastric pain, nausea, vomiting, low grade fever and
leucocytosis.
Her medical history and case notes showed that she
underwent surgery for an 8 cm multi-loculated cyst in
the region of the distal pancreas at the age of 4 years,
and this was anastomosed to the posterior wall of the
stomach. At the age of 11 years, a 2.5 cm recurrent cyst
was found, though no significant enlargement was noted
over the following decade, and she was largely symptomfree in almost 20 years.
On examination she was found to have a tender
palpable mass in the upper left epigastrium. Ultrasonography (US) and computer tomography (CT) scan
revealed a cystic mass in the region of the body and
tail of the pancreas, measuring 16 cm × 15 cm, with a
6-7 mm thickened wall, and filled with dense fluid
(Figure 1). Laboratory data and chest X-ray were normal
and spinal radiographs did not show any structural abnormalities. Barium swallow revealed that the stomach
displaced to the right and anteriorly, and a gastroscopy
did not show any sign of the previous cystogastrostomy
on the posterior wall of the stomach.
With a working diagnosis of a mucinous cystadenoma of the pancreas, the patient underwent laparotomy.
The cystic tumor was located in the body and tail of
the pancreas, and was adherent to the stomach, splenic
vessels, prevertebral fascia, and spine. The pancreatic
parenchyma in the region of the cyst was completely atrophied, and the previously performed anastomosis was
obliterated. The cyst was completely excised, and was
found to contain 1200 mL of pale viscous fluid. Laboratory analyses did not show any elevation of amylase or
polymorphonuclears cells, and no growth occurred on
microbiological culture.
The postoperative recovery was uneventful, the preoperative symptoms completely resolved, and the patient
remained symptom-free, without recurrence during the
5-year follow-up.
Macroscopically, the cyst wall, dark brown in color,
was up to 14 mm in thickness and partly hyalinized. The
inner surface of the cyst was smooth with some coarse
sections, and some areas of the cyst wall also contained
smaller cysts. Microscopic examination showed organoid organization resembling tissues, and organs similar
to the embryonic foregut, including intestinal wall epithelial formation, partly covered by a primitive singlelayered cuboidal epithelium, along with specialized antral
glandular parenchyma, and hypoplastic primitive gastric
mucosa. Focal glandular groups resembling those of the
body of the stomach were also seen. In addition, ciliary
www.wjgnet.com
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Figure 1 Axial CT scan showing a large bilocular cyst in the region of the body
and tail of the pancreas (A) and a second more caudal axial CT slice (B).

respiratory epithelium, foci of squamous metaplasia,
and mucinous glands were present. The wall of the cyst
contained a muscular layer, neuroglial tissue with plexogenic nerve fascicles, Paccini corpuscle-like structures,
hyperplastic neuro ganglionar elements, and occasional
psammomatous bodies, as well as fibroblast-like areas of
surrounding stroma (Figures 2 and 3).
Immunohistochemistry confirmed the presence of
neurogenic elements marked by S-100, GFAP, NF and
NSE. The gastric epithelium showed mostly CK7 and
EMA immunoexpression, and the respiratory epithelium
revealed a CK8 and CK18 immunoprofile without CK
10/13 positive elements, though neither CEA or AFP
positive cells were found (Figure 4A-D).

DISCUSSION
Neurenteric cysts may appear at any age, but are usually
discovered during the first five years of life[4,9]. They are
thought to develop early in the course of embryogenesis
either due to incomplete separation of the notochord
from the embryonic foregut (which are apposed), or
due to herniation of the endoderm of the embryonic
foregut into the dorsal ectoderm[10,11]. This attachment
of the cyst to the notochord may prevent fusion of the
vertebral bodies and lead to spinal anomalies[1,5], indeed
one third of patients have associated anomalies of the
central nervous system or gastrointestinal tract[5].
Neurenteric cysts may be multiloculated or septate,
lined with ciliated, non-ciliated, columnar or cuboidal
epithelium, and may resemble intestinal, duodenal or
gastric mucosa. These cells are usually PAS-positive and
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B
Figure 2 Histological slides showing the full spectrum of epithelia within the
cyst lining.

A

C

B
D

Figure 3 Histological slide showing elements of an abortive muscular layer and
focal irregular neuronal hyperplasia in the cyst wall (A) and a more irregular
configuration of the cyst with various ganglio-neuronal elements including
Paccinian corpuscles (B).

can contain mucus and globules, with occasional squamous cell metaplasia. A basal membrane is always present and the capsule consisting of fibrovascular tissue is
fragile. The wall of the cyst may contain ganglionar cells,
lymphatic tissue, pancreatic tissue, salivary glands or
muscular tissue without serosa[1]. Cartilaginous tissue is
never present[6]. The cysts usually contain clear, pale, yellowish or green viscous or mucinous fluid, depending on
the presence or absence of previous hemorrhage[5].
They are classified into Types A-C according to the
histology. Type A cysts, the most described in the literature[5], consist of simple lined cuboidal or columnar epithelium with or without cilia. Type B cysts include more
complex gastrointestinal or tracheobronchial elements,

Figure 4 Histological slides showing more specialized epithelia with consistent
immunoreactivity to anti-cytokeratin 7 (A), anti-cytokeratin 18 (B), CA19-9
(C), and mixed abundant neuro-ganglionic/neuro-glial elements that were
immunohistochemically verified (immunostaining is with the monoclonal
antibody to glial fibrillar acidic protein) (D).

including mucous glands and smooth muscle cells in the
cyst walls. In addition to these elements, type C cysts
also contain ependymal and/or glial tissue[5]. Our patient
had a septated type C cyst containing respiratory epithelium, gastric epithelium, and ependymal and glial tissue.
The clinical presentation usually depends on the size
and location of the cyst. The patient, typically a small
infant, often presents with respiratory distress, dyspnoea,
stridor or a persistent cough, caused by pressure of the
cyst on the lung. Respiratory distress is usually found with
a mediastinal mass, and a vertebral anomaly coexisting
www.wjgnet.com
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in more than 70% of pediatric patients with neurenteric
cysts[3,9]. When located intraspinally, the cysts may cause
motor and sensory neurological disturbance[9]. Chest
pain, cardiac arrhythmias and dysphagia can also present,
and in the rare cases of ulcer formation in ectopic gastric mucosa in the cyst wall, the patient can present with
melaena or perforation of the cyst[1,12].
The diagnosis is usually made by US, which characterizes the cyst and can evaluate for chest masses, and
with the advent of high resolution US, these cysts can be
detected as early as 18 wk gestation[1,5,13]. CT and nuclear
magnetic resonance imaging (MRI) also have their place[14],
though the final diagnosis is based on histopathological
examination.
Complete cyst excision is the recommended treatment[6,15], with some patients requiring a simultaneous
laminectomy[16]. If the cyst consists of two components,
the symptomatic cyst should be excised first. If there is a
combination of asymptomatic intraspinal and extraspinal
cysts, the spinal cyst should be excised first in order to
avoid any neurological deterioration which might occur
during mediastinal cyst excision[6].
Our patient underwent a cystogastrostomy at the age
of 4 years, presumably with an underlying misdiagnosis of a pancreatic pseudocyst. However, the cyst was
covered with an epithelial layer, and recurred. This case
nicely demonstrates that the cyst should have previously
been completely excised, and when this was finally done,
the patient’s symptoms resolved, with no cyst recurrence.
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5
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9
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Abstract
A 39-year-old male underwent distal gastrectomy for
a high grade gastrointestinal stromal tumor (GIST).
Computed tomography (CT) and magnetic resonance
imaging (MRI) 107 mo after the operation, revealed
a cystic mass (14 cm in diameter) and a solid mass
(9 cm in diameter) in the right and left lobes of the
liver, respectively. A biopsy specimen of the solid mass
showed a liver metastasis of GIST. The patient received
imatinib mesylate (IM) treatment, 400 mg/day orally.
Following the IM treatment for a period of 35 mo, the
patient underwent partial hepatectomy (S4 + S5). The
effect of IM on the metastatic lesions was interpreted
as pathologic complete response (CR). Pathologically
verified cases showing therapeutic efficacy of IM have
been rarely reported.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) is the most
common soft tissue tumor of the gastrointestinal tract.
It was reported that GIST derived from interstitial cells
of Cajal is characterized by the expression of CD34
and c-kit (CD117). Immunohistochemical positivity
for c-kit gene product-CD117, a tyrosine kinase
receptor, reflects the presence of gained function of
c-kit gene mutation[1]. Imatinib mesylate (IM) (Glivec;
Novartis Pharmaceuticals, Basel, Switzerland) is a smallmolecule tyrosine kinase inhibitor that suppresses the
mutated c-kit product[2]. Clinical trials[3,4] for recurrent
or metastatic GIST have demonstrated that the partial
response (PR) rate is 47% to 54% based on radiographic
evaluation. However, a complete response (CR) is
rarely reported. Pathologically verified cases showing
therapeutic efficacy have been rarely reported. Up
to present, only seven cases of locally advanced or
metastatic GIST with a pathologic CR to IM treatment
have been reported in the literature[5-10].
The initial treatment for a metastatic GIST is to
use IM, and then surgical treatment directing toward
complete resection is to be considered when the tumor
has responded and reduced in size[11-13]. However, neither
the adequate intervals between the start of treatment
with IM and operation, nor the significance of surgical
resection for the patients with metastatic GIST who have
been treated with IM, has been completely elucidated.
In this paper, we present a case of GIST with metawww.wjgnet.com
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Figure 1 Histological study showing spindle cells with mitoses (HE, × 200) (A)
and immunohistochemistry findings revealing positive staining for CD117 (B)
and CD34 (× 200) (C) in primary GIST of the stomach.

chronous liver metastasis treated with IM, and describe
confirmed the therapeutic efficacy of such a molecular
targeting drug as IM, which was confirmed by virtue of
pathologic CR following complete surgical resection.

CASE REPORT
A 39-year-old male complaining of epigastralgia was
found to have a 3 cm × 2 cm submucosal tumor on the
anterior surface of the body along the lesser curvature
of the stomach, and underwent partial gastrectomy.
Pathological examination of the surgical specimen
revealed a high grade leiomyosarcoma showing spindle
cells with 20 mitoses/10HPF and 17% in the MIB-1
index. The patient was subsequently diagnosed as having
an uncommitted type of high grade GIST, since he was
immunohistochemically positive for CD34 and CD117
(Figure 1). One hundred and seven months after the
initial operation, the patient developed right upper
www.wjgnet.com
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Figure 2 Contrast-enhanced CT scan (A) and MRI (B) on T1-weighted image
107 mo after the initial operation.

quadrant pain during exercise. Physical examination
revealed marked hepatomegaly and the lower margin
of the liver could be palpated at five-finger widths
below the costal margin. Computed tomography (CT)
and magnetic resonance imaging (MRI) showed a
cystic mass (14 cm in diameter) and a solid mass (9
cm in diameter) in the right and left lobes of the liver,
respectively (Figure 2). Open biopsy was attempted and
specimens were obtained from the solid tumor mass
in the left lobe of the liver. Pathologically, spindle cells
were positive for CD34 and CD117 with 15 mitoses/10
HPF and 15% in the MIB-1 index, which was indicative
of a metastatic GIST of the liver (Figure 3). Only fluid
was obtained from the cystic mass in the right lobe. A
drainage tube was inserted into the cystic mass through
the abdominal wall. Cytological examination of the
fluid showed that the cystic mass was Class Ⅱ. Since the
cystic and solid tumors in the liver were considered too
huge to be resected entirely and curatively, molecular
targeting therapy using a daily dose of 400 mg of IM
was started 3 mo after the liver biopsy. The drainage
tube inserted into the cystic mass was removed after a
three-week treatment with IM. A follow-up abdominal
CT, one month after the start of IM treatment, showed
apparent reduction in size of both the cystic and solid
masses. The reduction of the solid mass in the left
lobe was a partial response (PR). MRI, 30 mo after the
treatment with IM, showed that the contrast-enhanced
wall of the solid mass became thinner and central
necrosis increased in size (Figure 4A). Although CT, 34
mo after the treatment, showed a 5 cm ring-enhanced
mass in the left lobe (S4) and a 6 cm enhanced mass in
the right lobe (S5) of the liver, the total volume of the
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Figure 3 Scanning view of metastatic GIST (× 15) (A), histological study revealed spindle cells with mitoses (HE, × 200) (B), immunohistochemistry findings revealed
positive staining for CD117 (C) and CD34 (× 200) (D) in metastatic GIST of the liver obtained from liver biopsy.

A

Figure 4 MRI on T1-WI 30 mo
after treatment with Imatinib (A)
and contrast-enhanced CT 34 mo
after the treatment with Imatinib
(B). The metastatic lesions (S4 +
S5) are indicated.

B
S4

S5

neoplastic masses in the liver was sufficiently reduced
after the curative resection of the masses (Figure 4B).
The IM treatment was interrupted after 35 mo, and then
the patient underwent partial hepatectomy (S4 + S5).
The cut-surface of the resected specimens from S5 and
S4 showed a homogenous yellow-white hard mass and
a necrotic soft mass, respectively, forming a scrollwork
structure, containing hemorrhagic foci, and surrounded
by a yellow-white hard layer (Figure 5). Pathologically,
most of the specimens were replaced with hyalinedegenerated tissue, adjacent to which, cystic-degenerated
tissue and necrotic tissue with hemor rhage and
macrophages containing hemosider-in granules stained
with Berlin blue were observed. Since no viable tumor
cells stained with CD34 or CD117 were observed in any
of the whole sections at the maximum cut surface of the
resected specimen, the effect of the IM treatment on the
metastatic GIST was interpreted as the pathologic CR
(Figure 6).

One week after the operation, oral administration of
400 mg IM daily for 12 mo was performed. Fourteen
months after the partial hepatectomy at the time of
writing this paper, no recurrent lesion was observed on
CT and MRI examinations.

DISCUSSION
The efficacy of aggressive surgical resection for locally
advanced or metastatic GIST has been reported before
the development of IM treatment[14,15]. Furthermore,
clinical studies on the surgical resection after Imatinib
treatment have also been reported[5,6,9-12,16,17]. Indeed,
surgical resection of GIST makes it possible to elucidate
the histopathologic effect of IM treatment on advanced
or metastatic GIST. However, biopsy specimens from
the lesion alone are usually not enough to assess the
histopathologic effect of IM treatment on GIST.
As far as we know, only six clinical reports on the
www.wjgnet.com
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Figure 5 Serous and cut-surface views of resected specimen obtained from
partial hepatectomy (S4 + S5) after treatment with Imatinib.

pathological effect of IM treatment on locally advanced
or metastatic GIST have been published [5,6,9,10,16,18].
According to Gronchi et al[18], no case with a pathological CR was obtained in a series of 38 patients,
although the degree of pathologic changes varied
widely. Furthermore, Andtbacka et al [10] pointed out
that radiographic and metabolic CR based upon
18
F-fluorodeoxyglucose positron emission tomography
(FDG-PET) are not always concordant with a
pathologic CR; therefore, it should be born in mind that
the pathological evaluation on the surgically resected
materials obtained from patients treated with IM might
be indispensable for the elucidation of the therapeutic
effect of IM on GIST. They also emphasized that the
changes in the degree as well as the extent of contrastenhancement, and the internal structure within the solid
tumor should be carefully evaluated on CT and MRI[10].
According to their categorization, our case presented
in this paper is compatible with ‘initial regression then
stabilization’ on CT and MRI. MRI, five months prior
to the operation in our case, disclosed thickening of the
enhanced wall and a change of the signal intensity of
the internal structure of the mass in the left lobe of the
liver. In fact, the changes in internal density reflected
the central necrosis on the cut-surface of the resected
mass. Histopathologic changes induced by IM in GIST
have been reported to be hyaline degeneration, myxoid
degeneration, and appearance of scattered inflammatory
cells, hemosider in granules and foamy cells, but seldom
necrosis[3,5-8]. Bauer et al[6] who found no necrosis in a
series of twelve patients treated with IM, speculated
that IM would mainly induce apoptosis, but not so
much necrosis. As for the timing of surgical resection in
patients with recurrent or metastatic GIST, Andtbacka
et al[10] have reported a complete resection rate of 31.4%
after IM therapy for a period of 6.9-37.5 mo (mean,
10 mo). They also emphasized that surgical resection
for the IM-responsive recurrent or metastatic GIST
should be considered as early as possible before the
development of progression and secondary resistance
to IM[10]. Surgical resection, 6-12 mo after the start of
IM treatment, is recommended among responders[9].
Although the time of operation in our case was markedly
www.wjgnet.com

Figure 6 Histological study showing no viable tumor cells and hyaline
degenerative tissues (HE, × 200) (A) and immunohistochemistry findings
revealing negative staining for CD117 (× 200) (B) in the resected specimen
after treatment with Imatinib.

delayed (35 mo) in comparison with the time suggested
by other investigators, it is thought to be adequate for
avoidance of the secondary resistance to IM treatment.
In summary, we report a case of GIST with metachronous liver metastases who underwent complete
surgical resection following IM treatment. The
resected specimen was pathologically proven as a
CR. Preoperative radiographic CT, MRI, findings and
microscopic findings of the resected specimen were
described from the view point of the effect of the
molecular targeting therapy.
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Meetings
Events Calendar 2008-2009
FALK SYMPOSIA 2008
January 24-25, Frankfurt, Germany
Falk Workshop: Perspectives in
Liver
Transplantation
International Gastroenterological
Congresses 2008
February 14-16, Paris, France
EASL-AASLD-APASL-ALEH-IASL
Conference Hepatitis B and C virus
resistance to antiviral therapies
www.easl.ch/hepatitis-conference

Falk Symposium 164: Intestinal
Disorders

Falk Workshop: Strategies of Cancer
Prevention in Gastroenterology

May 18-21, San Diego, California, USA
Digestive Disease Week 2008

September 18-19, Mainz, Germany
Falk Symposium 166:
GI Endoscopy - Standards &
Innovations

May 21-22, California, USA
ASGE Annual Postgraduate Course
Endoscopic Practice 2008: At the
Interface of Evidence and Expert
Opinion
E-mail: education@&#97;sge.org

September 20-21, Mainz, Germany
Falk Symposium 167:
Liver Under Constant Attack - From
Fat to Viruses

June 5-8, Sitges (Barcelona), Spain
Semana de las Enfermedades
Digestivas
E-mail: sepd@sepd.es

September 24-27, Nantes, France
Third Annual Meeting
European Society of Coloproctology
www.escp.eu.com

June 6-8, Prague, Czech Republic
3rd Annual European Meeting:
Perspectives in Inflammatory Bowel
Diseases
E-mail: meetings@imedex.com

February 28, Lyon, France
3rd Congress of ECCO - the European
Crohn’s and Colitis Organisation
Inflammatory Bowel Diseases 2008
www.ecco-ibd.eu

June 10-13, Istanbul, Turkey
ESGAR 2008 19 th Annual Meeting
and Postgraduate Course
E-mail: fca@netvisao.pt

February 29, Québec, Canada
Canadian Association of
Gastroenterology
E-mail: general@cag-acg.org

June 11-13, Stockholm, Sweden
16th International Congress of
the European Association for
Endoscopic Surgery
E-mail: info@&#101;aes-eur.org

March 14-15, HangZhou, China
Falk Symposium 163: Chronic
Inflammation of Liver and Gut
March 23-26, Seoul, Korea
Asian Pacific Association for the
Study of the Liver
18th Conference of APASL: New
Horizons in Hepatology
www.apaslseoul2008.org
March 29-April 1, Shanghai, China
Shanghai-Hong Kong International
Liver Congress
www.livercongress.org
April 05-09, Monte-Carlo (Grimaldi
Forum), Monaco
OESO 9th World Congress, The
Gastro-esophageal Reflux Disease:
from Reflux to Mucosal
Inflammation-Management of
Adeno-carcinomas
E-mail: robert.giuli@oeso.org
April 9-12, Los Angeles, USA
SAGES 2008 Annual Meeting - part
of Surgical Spring Week
www.sages.org/08program/html/
April 18-22, Buenos Aires, Argentina
9th World Congress of the
International Hepato-Pancreato
Biliary Association
Association for the Study of the
Liver
www.ca-ihpba.com.ar
April 23-27, Milan, Italy
43rd Annual Meeting of the European
Association for the Study of the
Liver
www.easl.ch
May 2-3, Budapest, Hungary

September 18-20, Prague, Czech
Republic
Prague Hepatology Meeting 2008
www.czech-hepatology.cz/phm2008

June 4-7, Helsinki, Finland
The 39th Nordic Meeting of
Gastroenterology
www.congrex.com/ngc2008

February 14-17, Berlin, Germany
8th International Conference on New
Trends in Immunosuppression and
Immunotherapy
www.kenes.com/immuno

March 10-13, Birmingham, UK
British Society of Gastroenterology
Annual Meeting
E-mail: BSG@mailbox.ulcc.ac.uk
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June 13-14, Amsterdam, Netherlands
Falk Symposium 165: XX
International Bile Acid Meeting. B
ile Acid Biology and Therapeutic
Actions
June 13-14, Prague, Czech Republic
Central and Eastern European
Conference on Colorectal "Cancer"
Screening, Prevention and
Management
E-mail: idca2008@guarant.cz
June 25-28, Barcelona, Spain
10th World Congress on
Gastrointestinal Cancer
Imedex and ESMO
E-mail: meetings@imedex.com
June 25-28, Lodz, Poland
Joint Meeting of the European
Pancreatic Club (EPC)
and the International Association of
Pancreatology (IAP)
E-mail: office@epc-iap2008.org
www.e-p-c.org
www.pancreatology.org

N.O.T.E.S
April 3-5, November 27-29
Laparoscopic Digestive Surgery
June 27-28, November 7-8
Laparoscopic Colorectal Surgery
July 3-5
Interventional GI Endoscopy
Techniques
Contact address for all courses:
E-mail: info@eits.fr
International Gastroenterological
Congresses 2009
March 23-26, Glasgow, Scotland
Meeting of the British Society of
Gastroenterology (BSG)
E-mail: bsg@mailbox.ulcc.ac.uk
May 17-20, Denver, Colorado, USA
Digestive Disease Week 2009

October 8-11, Istanbul, Turkey
18th World Congress of the
International Association of
Surgeons,
Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

November 21-25, London, UK
Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

October 18-22, Vienna, Austria
16th United European
Gastroenterology Week
www.negf.org
www.acv.at
October 22-25, Minnesota, USA
Anstralian Gastroenterology Week
2008
E-mail: gesa@gesa.org.au
October 22-25, Brisbane, Australia
71st Annual Colon and Rectal Surgery
Conference
E-mail: info@colonrectalcourse.org
October 31-November 4, Moscone
West Convention Center, San
Francisco, CA
59th AASLD Annual Meeting and
Postgraduate Course
The Liver Meeting
Information: www.aasld.org
November 6-9, Lucerne, Switzerland
Neurogastroenterology & Motility
Joint International Meeting 2008
E-mail: ngm2008@mci-group.com
www.ngm2008.com

June 26-28, Bratislava, Slovakia
5th Central European
Gastroenterology Meeting
www.ceurgem2008.cz

November 12, Santiago de Chile,
Chile
Falk Workshop: Digestive Diseases:
State of the Art and Daily Practice

July 9-12, Paris, France
ILTS 14th Annual International
Congress
www.ilts.org

November 28-29, Cairo, Egypt
1st Hepatology and Gastroenterology
Post Graduate Course
www.egyptgastrohep.com

September 10-13, Budapest, Hungary
11th World Congress of the
International Society for Diseases of
the Esophagus
E-mail: isde@isde.net

December 7-9, Seoul, Korea
6th International Meeting
Hepatocellular Carcinoma: Eastern
and Western Experiences
E-mail: sglee@amc.seoul.kr

September 13-16, New Delhi, India
Asia Pacific Digestive Week
E-mail: apdw@apdw2008.net

INFORMATION FOR ALL
FALK FOUNDATION e.V.
E-mail: symposia@falkfoundation.de
www.falkfoundation.de

III FALK GASTRO-CONFERENCE
September 17, Mainz, Germany

Institute of Telesurgery EITS - 2008
Strasbourg, France
January 18-19, March 28-29, June 6-7,
October 3-4

Advanced Courses - European

Global Collaboration for
Gastroenterology
For the first time in the history of
gastroenterology, an international
conference will take place which
joins together the forces of four
pre-eminent organisations: Gastro
2009, UEGW/WCOG London. The
United European Gastroenterology
Federation (UEGF) and the World
Gastroenterology Organisation
(WGO), together with the World
Organisation of Digestive
Endoscopy (OMED) and the
British Society of Gastroenterology
(BSG), are jointly organising a
landmark meeting in London
from November 21-25, 2009. This
collaboration will ensure the perfect
balance of basic science and clinical
practice, will cover all disciplines
in gastroenterology (endoscopy,
digestive oncology, nutrition,
digestive surgery, hepatology,
gastroenterology) and ensure a
truly global context; all presented
in the exciting setting of the city of
London. Attendance is expected to
reach record heights as participants
are provided with a compact “all-inone” programme merging the best
of several GI meetings. Faculty and
participants from all corners of the
earth will merge to provide a truly
global environment conducive to the
exchange of ideas and the forming
of friendships and collaborations.
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Instructions to authors
GENERAL INFORMATION
World Journal of Gastroenterology (World J Gastroenterol ISSN 1007-9327
CN 14-1219/R) is a weekly open access peer-reviewed journal
supported by an editorial board consisting of 1208 experts in
gastroenterology and hepatology from 60 countries. The aim of
the journal is to deliver the most clinically relevant original and
commentary articles to readers, and to make the full text publicly
available to all clinicians, scientists, patients and biomedical students
on an unrestricted platform, so that they can access and learn about
the most recent key advances in the field.
In addition to the open access nature, another key characteristic
of WJG is its reading guidance for each article which includes background, research frontier, related reports, breakthroughs, applications,
terminology, and comments of peer reviewers for the general readers.
WJG publishes articles on esophageal, gastrointestinal,
hepatobiliary and pancreatic tumors, and other esophageal,
gastrointestinal, hepatic-biliary and pancreatic diseases in relation
to epidermiology, immunology, microbiology, motility & nerve-gut
interaction, endocrinology, nutrition & obesity, endoscopy, imaging
and advanced hi-technology.
The main goal of WJG is to publish high quality commentary
articles contributed by leading experts in gastroenterology and
hepatology and original articles that combine the clinical practice
and advanced basic research, to provide an interactive platform for
clinicians and researchers in internal medicine, surgery, infectious
diseases, traditional Chinese medicine, oncology, integrated Chinese
and Western medicine, imaging, endoscopy, interventional therapy,
pathology and other basic medical specialities, and thus eventually
improving the clinical practice and healthcare for patients.
Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®) and Journal Citation
Reports/Science Edition, Index Medicus, MEDLINE and
PubMed, Chemical Abstracts, EMBASE/Excerpta Medica,
Abstracts Journals, Nature Clinical Practice Gastroenterology and
Hepatology, CAB Abstracts and Global Health. ISI JCR 2003-2000
IF: 3.318, 2.532, 1.445 and 0.993.
Published by
The WJG Press

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title Page,
Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher are responsible
for the opinions expressed by contributors. Manuscripts formally
accepted for publication become the permanent property of The
WJG Press, and may not be reproduced by any means, in whole
or in part, without the written permission of both the authors
and the publisher. We reserve the right to copy-edit and put onto
our website accepted manuscripts. Authors should follow the
relevant guidelines for the care and use of laboratory animals of
their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting
of clinical trials, we endorse the policy of the International
Committee of Medical Journal Editors to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available,
to our knowledge, is http://www. clinicaltrials.gov sponsored by
the United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables,
photographs and illustrations because rejected manuscripts
will not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing.
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Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://wjg.wjgnet.com. Authors are highly recommended
to consult the ONLINE INSTRUCTIONS TO AUTHORS
(http://www.wjgnet.com/wjg/help/instructions.jsp) before
attempting to submit online. For assistance, authors encountering
problems with the Online Submission System may send an
email describing the problem to submission@wjgnet.com, or by
telephone: +86-10-85381892. If you submit your manuscript online,
do not make a postal contribution. Repeated online submission for
the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:
Title page
Full manuscript title, r unning title, all author(s) name(s),
affiliations, institution(s) and/or department(s) where the work
was carried out; author contributions; disclosure of any financial
support for the research; and the name, full address, telephone
and fax numbers and email address of the corresponding author
should be included. Titles should be concise and informative
(remove all unnecessary words), emphasize what is new, and avoid
abbreviations. A short running title of less than 40 letters should
be provided. List the author(s)’ name(s) as follows: initial and/or
first name, middle name or initial(s), and full family name.
Author controbutions: The format of this section should be
like this: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F
and Wu XM designed research; Wang CL, Zou CC, Hong F and
Wu XM performed research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed
data; and Wang CL, Liang L and Fu JF wrote the paper.
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJG, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.
Abstract
An informative, structured abstract of no more than 350 words
should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections: AIM:
Only the purpose should be included. METHODS: The materials,
techniques, instruments and equipment, and the experimental
procedures should be included. RESULTS: The observed and
experimental results, including data, effects, outcome, etc. should be
included. Authors should present P value where necessary, and also
include any significant data. CONCLUSION: Accurate view and
the value of the results should be included.
The format for structured abstracts can be found at: http://
www.wjgnet.com/wjg/help/11.doc.
Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Text
For articles of these sections, original articles, rapid communication

Instructions to authors
and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
body text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, should be found at: http://www.wjgnet.com/
wjg/help/instructions.jsp.
Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the leg end rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A: ...; B:
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish high
resolution-figures for the printed and E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below the
Table, above any footnotes. Vertical and italic lines should be omitted.
Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05,
b
P < 0.01 should be noted (P > 0.05 should not be noted). If there
are other series of P values, cP < 0.05 and dP < 0.01 are used. A third
series of P values can be expressed as eP < 0.05 and fP < 0.01. Other
notes in tables or under illustrations should be expressed as 1F, 2F, 3F;
or sometimes as other symbols with a superscript (Arabic numerals)
in the upper left corner. In a multi-curve illustration, each curve
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscripts and who endorse the data and
conclusions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references[19,22-24], we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.
PMID requirement
PMID roots in the abstract serial number indexed by PubMed
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed).
The author should supply the PMID for journal citation. For
those references that have not been indexed by PubMed, a printed
copy of the first page of the full reference should be submitted.
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The accuracy of the information for journal citations is very
important. Using the reference testing system, the authors and
editor should check the authors name, title, journal title, publication
date, volume number, start page, and end page. We will interlink
all references with PubMed in an ASP file so that the readers can
immediately access the abstract of the citations online.
DOI requirement
A CrossRef DOI® (Digital Object Identifier) name is a unique
string created to identify a piece of scholarly content in the online
environment. The author should supply the DOIs for journal
citation(doi:10.3748/wjg.13.6458). This link (http://www.crossref.
org/SimpleTextQuery/) allows you to retrieve Digital Object
Identifiers (DOIs) for journal articles, books, and chapters by
simply cutting and pasting the reference list into the box. You may
use the form with any reference style, although the tool works most
reliably if references are formatted in a standard style such as shown
in this example: Assimakopoulos SF, Scopa CD, Vagianos CE.
Pathophysiology of increased intestinal permeability in obstructive
jaundice. World J Gastroenterol 2007; 13(48): 6458-6464
The accuracy of the information of journal citations is very
important. We will interlink all references with DOI in ASP file
so that readers can access the abstracts of cited articles online
immediately.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number
(in black), start page, and end page [PMID: 11819634 DOI:
10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where
applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci
USA 2006; In press
Organization as author
4 Diabetes Pr evention Pr og ram Research Gr oup .
Hypertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. J Urol 2003;
169: 2257-2261 [PMID: 12771764]
No author given
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