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Abstract
Ten hepatitis B virus (HBV) genotypes (A-J) and 34
HBV subgenotypes have been identified so far. HBV
genotypes and subgenotypes have distinct geographical distributions, and have been shown to differ with
regard to clinical outcome, prognosis, and response to
interferon treatment. Infection with subgenotype A2 is
frequently associated with high viral load, resulting in
acute infection via horizontal transmission. Genotypes
A and B are more sensitive to interferon treatment
than genotypes D and C, respectively. Genotype B
is more frequent in acute hepatitis than genotype C,
whereas genotype C (C2) is more frequently associated with an increased risk of hepatocellular carcinoma
(HCC), mostly cirrhotic, as compared with genotype
B (B2). Genotype mixture is associated with high viral
load and worse outcome of HBV infection. HBV mutations in the S genes, especially amino acids substitution at position 145 (G145R), are associated with
immune escape, whereas mutations in the PreS or S
genes which impair HBsAg secretion could present a
risk to blood safety. HBV variants harboring mutations
in the viral polymerase gene that confer resistance to
nucleoside analogs may be selected during antiviral
therapy. Different genotypes have distinct mutation
patterns in the PreS and EnhⅡ/BCP/Precore regions.
PreS deletions, C1653T, T1753V, and A1762T/G1764A
are associated with an increased risk of HCC. HCCassociated HBV mutants may not transmit via motherto-child transmission, and are likely generated during
HBV-induced pathogenesis. Examination of HBV mutations alone or in combination and host genetic suscep-

tibility will be helpful in classifying the HBV-infected
subjects who will develop HCC and need active antiviral treatments.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) belongs to the hepadnaviridae, a
family of enveloped viruses with an incomplete doublestranded DNA genome of 3.2 kb. The double-stranded
DNA genome of HBV contains four overlapping open
reading frames that encode the surface protein, the core
protein, a polymerase, and a multifunctional nonstructural
protein called X. The PreS region, which consists of
PreS1 (nucleotides 2848-3204) and PreS2 (nucleotides
3205-154) domains, overlaps a region encoding the
polymerase gene. The enhancer Ⅱ (EnhⅡ; nucleotides
1636-1744) and basic core promoter (BCP; nucleotides
1751-1769) regions overlap with the X gene (nucleotides
1374-1835).
Infection with HBV is a major public health problem.
Approximately 45% of the world’s population lives in
regions where HBV infection is endemic. Approximately 2
billion people have been exposed to HBV, and more than
300 million are chronically infected with HBV[1]. In Asia
and most of Africa, chronic HBV infection is common
and usually acquired perinatally or in childhood [2] .
Chronic HBV infection is one of the most important
determinants of the occurrence of liver cirrhosis (LC)
and hepatocellular carcinoma (HCC). Most HCC
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cases (> 80%) occur in either Eastern Asia or in subSaharan Africa where HBV is endemic[3]. HBV infection
contributes to more than 50% of HCC cases worldwide
and 70%-80% of HCC cases in highly HBV endemic
regions. The relative risks of HCC among people infected
with HBV ranges from 5 to 49 in case-control studies and
from 7 to 98 in cohort studies[4]. The incidence of HCC
(per 100 000 person/year) among people with chronic
HBV infection ranges from 400 to 800 in males and
from 120 to 180 in females[4]. Standard HBV vaccination
dramatically decreases HCC prevalence among vaccinees
aged 6-19 years[5]. HBV genomic variations, including
genotypes, subgenotypes, and HBV mutations in the PreS
region and the EnhⅡ/BCP/Precore region are associated
with the development of LC and HCC in different HBV
replication and hepatitis B e antigen (HBeAg) status.

HBV GENOTYPES/SUBGENOTYPES AND
THEIR CLINICAL RELEVANCE
Distribution of HBV genotypes and subgenotypes
Eight genotypes (genotypes A-H) have been identified
by a sequence divergence greater than 8% in the entire
HBV genome or a sequence divergence greater than 4%
in the S region[6]. HBV isolated in Vietnam and Laos
has been suggested to form a ninth genotype Ⅰ[7,8].
The designation has been questioned due to complex
recombination. Recently, a HBV strain isolated from a
Japanese patient has been provisionally designated HBV
genotype J. HBV genotype J is closer to gibbon/orangutan genotypes than to human genotypes in the P and
large S genes and closest to Australian aboriginal strains
and orangutan-derived strains in the S gene, whereas it
is closer to human than ape genotypes in the C gene[9].
Genotypes have further been separated into subgenotypes if the divergence in whole nucleotide sequence
is between 4% and 8%[10]. Currently, subgenotypes 1-5
of genotype A, subgenotypes 1-8 of genotype B, subgenotypes 1-8 of genotype C, and subgenotypes 1-7 of
genotype D have been identified[11-37]. HBV genotypes
and subgenotypes have distinct geographical distributions (Table 1), and often present demographic characteristics. HBV genotype A1, A3, A4, and A5 are endemic
in Africa, especially in West Africa, whereas genotype
A2 is endemic in Europe[11-15]. Genotypes B and C are
predominant in Asian and Pacific islanders [6,10,16-22,28].
Of HBV genotypes B and C, subgenotypes B2 and C2
are endemic in most parts of Asia. Subgenotype B1 is
endemic in Japan[16]. Subgenotype C4 is encountered in
Aborigines from Australia, and frequently termed as the
Australian aboriginal strain[9,19]. Subgenotypes B3-B8, C1,
C3, and C5-C8 have been isolated in South Asia, especially in Indonesia and the Philippines[17-22,28]. Genotype
D is endemic in the entire Old World including Africa,
Northern and South Eastern Asia, the Mediterranean
area, and most European countries[13,23-26,32-34,37]. Subgenotype D1 is predominant in Moslem ethnicity. Subgenotype D2 is endemic in Russia and the Baltic region[26,32].
Subgenotypes D2, D3, and D5 have been found in In-
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dia[32]. Subgenotypes D4 and D6 are endemic in Oceania
and Indonesia, respectively[19,33]. A new subgenotype D7
has been found in Tunisia[34]. HBV genotype E is endemic in Western and Central Africa[13,27,35]. HBV genotypes
F, G, and H are endemic in America[29-31,36]. More subgenotypes have been found in South Asia, Oceania, and
Africa than other areas in the world, probably indicating
evolutionary history of HBV. The distribution of HBV
genotypes often provides clues about human migration.
HBV genotype B is more frequent than genotype C in
Taiwan[38,39]. Although genotype C is more frequent than
genotype B in Mainland China[40], HBV genotype B accounts for more than 80% in Zhangzhou (our unpublished data), a city at the coastal line of Fujian Province
of Mainland China where early Taiwan residents had
migrated from. Subgenotype C1 is endemic in Southern
Guangdong Province of Mainland China[41], this subgenotype is also endemic in Hong Kong[42]. Hong Kong
residents are mostly from Southern Guangdong Province of Mainland China. HBV genotype E is endemic
in Africa. As genotype E is essentially absent from the
Americas despite the Afro-American slave trade until
at least the beginning of the 19th century, genotype E
strains may have been introduced into the general African population only within the past 200 years[14,35]. The
genetic diversity of HBV and the geographical distribution of its subgenotypes provide a tool to reconstruct
the evolutionary history of HBV and may help to complement genetic data in the understanding of the evolution and past migrations of man[19].
Genotype mixture and its clinical relevance
In an HBV endemic area, infection with more than one
HBV genotype often results in genotype recombination
and genotype mixture (co-infection or super-infection
with multiple HBV genotype in an infected person).
With the use of multiplex PCR, a genotype mixture
has been frequently identified in the HBV-infected
subjects[43,44]. HBV genotype mixture has been associated
with high viral load in patients with chronic hepatitis B
(CHB) as compared with patients with a single genotype,
also associated with increased in vitro HBV replication[45].
In our recent study, the prevalence of genotype mixture
in asymptomatic hepatitis B surface antigen (HBsAg)
carriers (ASC), patients with HCC, and patients with
CHB is 5.4%, 10.6%, and 13.7%, respectively. Genotype
mixture (mostly mixed genotype B with genotype C) is
associated with higher viral load and more severe course
of the disease than HBV genotype C alone[40]. These
results indicate that co-infection or superinfection with
multiple genotypes is associated with worse prognosis of
HBV infection.
Clinical relevance of HBV genotypes/subgenotypes
HBV genotypes and subgenotypes have been shown to
differ with regard to clinical outcome, prognosis, and response to antiviral treatment. Infection with HBV genotype A is associated with high viral load which facilitates
viral transmission. High replication rates of genotype A
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Table 1 Geographic distribution and important clinical relevance of HBV genotypes and subgenotypes
Genotype
A

Subgenotype
A1
A2

E
F

A3
A4
A5
B1
B2
B3
B4
B5
B6
B7
B8
C1
C2
C3
C4
C5
C6
C7
C8
C9
D1 (mainly D)
D2
D3
D4
D5
D6
D7
ND
F Ⅰa

G
H
I
J

F Ⅰb
FⅡ
FⅢ
FⅣ
ND
ND
ND
ND

B

C

D

Geographic distribution

Important clinical relevance

Africa
Europe

[13-15]
ND
[11,12,47,48]
Acute infection, chronicificaton, more sensitive to interferon
treatment than genotype D
[13-15]
ND
[15]
ND
[14,15]
ND
[16]
Fulminant hepatitis
[6,10]
Acute hepatitis, HCC in mostly those younger than 50 years
[17,18]
ND
[18,19]
ND
[17,18,22]
ND
[28]
ND
[17,18]
ND
[17]
ND
[18]
HCC and LC
[6,10]
HCC and LC mostly in those older than 50 years
[18,19]
ND
[19]
ND
[17,22]
ND
[17,21]
ND
[17]
ND
[20,21]
ND
ND
Unpublished
[13,23-25, 37,81]
Chronic liver disease, HCC
[26,32]
No apparent clinical relevance
[17,32]
Occult HBV infection
[19]
ND
[32]
No apparent clinical relevance
[33]
ND
[34]
ND
[13,27,35]
ND
[29,36,62]
HCC

West Africa
West Africa
West Africa
Japan
Most of Asia, except Korea
Indonesia
Indonesia, Vietnam
Indonesia, Philippines
Indonesia
Indonesia
Indonesia
South Asia, Southern China
Northeast Asia, China
Indonesia, Oceania
Australia
Indonesia, Philippines
Indonesia, Philippines
Indonesia
Philippines
Tibet, China
Middle East, the Mediterranean area
Russia, the Baltic region, India
Indonesia, India
Oceania
India
Indonesia
Tunisia
Western and Central Africa
Central America
Chile, Alaska
Argentina, Japan, Venezuela, USA
Brazil, Venezuela, Nicaragua
Venezuela, Panama, Columbia
Argentina, Bolivia, France
Mexico, Canada
Mexico
Vietnam, Laos
Japan (might be from Borneo)

Ref.

[30,31]

ND
ND
ND
HCC

[30]
[7,8]
[9]

HBV: Hepatitis B virus; ND: Not determined; HCC: Hepatocellular carcinoma.

in adults lead to an increased risk of horizontal transmission of HBV by sexual activity because a high concentration of HBV DNA in serum is associated with high concentrations in semen and other body fluids of HBV carriers[46]. Genotype A also tends to cause chronic infection
following an acute course. This has been demonstrated
in Japan where genotype A introduced from Europe has
started to increase sharply in patients with acute infection
since 1991, and gradually in those with chronic infection[47]. As compared with HBV genotype D endemic
in Europe, genotype A is more sensitive to interferon
[48]
α treatment . Spontaneous HBeAg seroclearance was
significantly higher in genotype A carriers than in carriers of genotypes A, B, D, and F. After losing HBeAg,
those with genotypes C and F were more likely to revert
to the HBeAg-positive state[49]. Infection with subgenotype B2 is associated with HCC or HCC recurrence in
young, mostly noncirrhotic, patients in Mainland China
and Taiwan[39,40,50], whereas infection with subgenotype

B1 is frequently associated with fulminant hepatitis B in
Japan[16]. Infection with HBV genotype C is associated
with increased risks of LC and HCC at an older age as
compared with infection with the HBV genotype B[38,51,52].
Although HBV subgenotypes C1 and C2 are associated
with the risk of HCC, only HBV subgenotype C2 is independently associated with an increased risk of HCC[53].
Genotype B has recently been shown by us to be more
likely to cause acute hepatitis B, while the serum viral
load of ASCs with genotype B is significantly higher than
that of ASCs infected with genotype C[54]. As compared
with genotype C, HBV genotype B has been shown to
be associated with earlier HBeAg seroconversion, and
associated with better response to interferon therapy
in HBeAg-positive chronic hepatitis[55,56]. Early HBeAg
seroconversion typically confers a favorable outcome[57].
In HBeAg-negative patients, detectable HBV DNA and
HBV genotype C are associated with more severe liver
damage[58]. Thus, infection with HBV genotype C is as-
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sociated with worse clinical outcome as compared with
genotype B. Data from India have shown that HBV subgenotype D1 is significantly associated with chronic liver
disease, whereas HBV subgenotype D3 is significantly
associated with occult HBV infection. No apparent clinical relevance was observed in those infected with HBV
subgenotypes D2 and D5[32]. There are very limited data
on the association of genotype E with its clinical relevance. Population-based prospective cohort studies have
found that HBV genotypes C and F are associated with
the highest risk for HCC or LC[59]. HBV genotypes E, F,
and H appear to be sensitive to IFN-α treatment[60]. The
recombination of two genotypes is frequent in the area
where the two genotypes are endemic[6,15,61], probably due
to the selection of viral growth advantage. Lower rates
of response to IFN-α treatment in patients with HBV
genotype G might be related to the frequent occurrence
of double infection[60].

CLINICAL AND PUBLIC HEALTH
SIGNIFICANCE OF HBV MUTATIONS
Association of HBV PreS and S region mutations with
immune escape, occult infection, and the development
of HCC
HBV genomic variations in the PreS and S regions which
are selected during the infection course are of clinical
and public health importance. The HBV envelope is
composed of 3 forms of HBsAg, the so-called large
(L, coded for by the PreS1/S2/S gene), middle (M, the
PreS2/S gene), and small (S, the S gene) proteins. The
small or major peptide is 226 amino acids in length, and
the M and L proteins are assembled by amino-terminal
extension of 55 amino acids at the PreS2 domain and of
108-119 amino acids of the PreS1 domain. HBsAg is the
main target for viral neutralization, either by natural or
vaccine-induced anti-HBs. A central major hydrophilic
region (MHR, approximately residues 103-173) exposed
at the surface of viral particles. The MHR itself is
structured into five regions, including three central loops
held together by disulphide bonds. The immunodominant
“a” determinant (residues 124-147), against which most
neutralizing antibodies are directed and which is the major
target of HBsAg detection tests, is formed by loops 2 and
3[62]. HBV with mutations in the portion of the S gene
coding the “a” determinant of hepatitis surface antigen,
including a glycine to arginine substitution at position
145 (G145R) and other S gene mutations in the region of
amino acids 120-147, can potentially evade neutralizing
anti-HBs antibody and infect vaccinated people. G145R
is by far the most common immune escape mutant,
whereas the most important immune escape mutants with
substitutions outside of the “a” determinant is P120S/T.
Mutations in the S genes within “a” determinant (but not
G145R) are partially responsible for occult HBV infection,
which are characterized by the presence of HBV DNA
in serum in the absence of detectable HBsAg, and could
present a risk to blood safety[63]. Mutations in PreS are also
associated with occult HBV infection[64], probably due
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to the inactivation of the overlapping PreS2/S promoter
which causes impaired HBsAg secretion.
The 5’ flanking region of the S gene coding the PreS1
and PreS2 domains is overlapped by the region of the P
gene coding the spacer domain of the viral polymerase.
Genotype D and non-human primate isolates inherently
have a 33 nucleotide deletion at or near the beginning
of the PreS1 open reading frame[10,62]. The PreS1 protein
contains the hepatocyte binding site (amino acids 21-47)
and is known to be essential for virion assembly and
for the transporting of virions out of the hepatocyte[65].
The PreS1 and PreS2 regions play an essential role in the
interaction with immune responses because they contain
several epitopes for T or B cells[66]. There is little evidence
supporting the idea that PreS mutants are transmissible,
therefore, the PreS mutation might generate during the
pathological process following the infection. The PreS
mutations emerge in chronic infections, often in patients
treated with interferon, and seem to represent desperate
attempts to escape from host immune surveillance[62].
Many of the mutations affecting the PreS domains of
the envelope proteins are deletions. More recently, PreS
deletions are frequently associated with an increased
risk of HCC, especially in those infected with HBV
genotype C[66-69]. Our recent meta-analysis showed that the
frequencies of the PreS deletion mutation consecutively
increased during the progression of chronic HBV
infection from ASC states to LC or HCC (Ptrend < 0.001),
while the frequencies of mutations at the promoter
sites of PreS1 and PreS2 were significantly higher in the
patients with HCC than in the patients without HCC (P
< 0.001, P = 0.032, respectively)[70]. It is suggested that
PreS deletion and nucleotide substitution mutations at the
promoter sites of PreS1 and PreS2 may serve as useful
biomarkers for predicting the clinical outcomes of HBVinfected patients, especially for predicting HCC.
Polymerase mutations associated with drug resistance
HBV variants harboring mutations in the viral polymerase
gene that confer resistance to antiviral drugs may be
gradually selected during long-term antiviral therapy with
nucleoside analogs. The main polymerase gene mutations
conferring resistance to nucleoside analogs have been
well characterized. Lamivudine resistance mutants harbor
a M204V or I substitution in the YMDD motif of the
C domain of the polymerase/reverse transcriptase.
Adefovir resistance mutants harbor a N236T and/or
A181V amino acid substitution in the D and B domains
of viral polymerase, respectively[71,72]. Entecavir resistance
mutations occurred on a background of lamivudine
resistance, as these patients received entecavir for
lamivudine failure, with a combination of substitutions
I169T and M250V, or T184G and S202I. These additional
mutations clearly conferred an increased level of entecavir
resistance compared to the initial lamivudine resistant
strain[62]. Resistance to telbivudine has been associated
with a M204I mutation in the viral polymerase[73]. Table
2 summarizes drug-resistance-associated amino acid
substitutions in the 5 domains of HBV polymerase.
On the other hand, the reappearance of wild-type virus
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Table 2 HBV mutations associated with drug resistance
Nucleoside

Mutations in the polymerase domains (amino acids)

analogs

A

B

C (YMDD)

D

E

Lamivudine/
Emtricitabine
Adefovir
Entecavir

-

M204I/V

-

-

I233V
S202I

N236T
M250V

-

Telbivudine
Famciclovir

-

V173L
L180M
A181V
I169T
T184G
L180M

M204I
-

-

-

-

-: Not reported.

as the major viral population after cessation of drug
treatment is probably due to persistence of non-mutated
cccDNA molecules in hepatocytes even after long-term
drug treatment[62,74]. Naïve patients infected with adefovir
resistance mutants have been reported[71]. In this case,
drug resistant mutants transmitted to a naïve subject may
be stable since there will be no competition with wild-type
virus.
The association of viral mutations in the EnhⅡ /BCP/
Precore region with hepatocarcinogenesis
The core promoter, positively and negatively regulated
by Enhancer Ⅱ and to some extent by Enhancer Ⅰ,
controls the transcription of precore mRNA and
pregenomic RNA that can be the mRNA for both core
protein and the viral polymerase and is the template
for viral replication. HBeAg expression indicates active
viral replication. There are two classes of mutants that
affect HBeAg expression, BCP mutants and precore
mutants. Although viral loads are generally several logs
lower in HBeAg-negative patients than in HBeAgpositive patients and children born to HBeAg-positive
mothers have a much higher risk of contracting chronic
HBV infection than children born to HBeAg-negative
mothers [62], some combined mutations in the EnhⅡ
/BCP/Precore region like 1766/1768, 1762/1764/1766,
1753/1762/1764, and 1753/1762/1764/1766 mutations
have been associated with high HBV DNA production in
the in vitro transfection studies[75,76]. HBV core promoter
mutations other than those at 1762/1764 appear to
upregulate viral DNA replication and, at the same time,
greatly reduce HBeAg production. Although expression
of HBeAg has been associated with an increased risk of
HCC in a prospective study[77], high viral load in HBeAgnegative patients is often associated with worse outcome
of chronic HBV infection, especially in those with HBV
carrying mutations at the PreS and EnhⅡ/BCP/Precore
regions[66,78-82].
Several mutations at the EnhⅡ/BCP/Precore region
have been recently associated with an increased risk of
HCC. These mutations include C1653T, T1753V, T1766/
A1768, and A1762T/G1764A[81-92]. Our recent metaanalysis using published data up to August 31, 2008 has
shown that C1653T, T1753V, and A1762T/G1764A are
each associated with an increased risk of HCC, whereas
precore mutations G1896A and C1858T are not associ-
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ated with the risk of HCC, regardless of HBeAg status
and HBV genotype[70]. A1762T/G1764A has been shown
to be a valuable biomarker for identifying a subset of male
HBsAg carriers who are at extremely high risk of HCC in
a prospective study[92]. In a community-based prospective
study, A1762T/G1764A and genotype C have been associated with an increased risk of HCC, whereas G1896A in
the precore region has been associated with decreased risk
of HCC[84]. G1896A has been associated with fulminant
hepatitis in Japan[93]. Since the EnhⅡ/BCP/Precore region overlaps with X gene in the HBV genome, mutations
in the EnhⅡ/BCP/Precore region should be included in
evaluating the role of HBV X protein on the development
of HCC. That is to say, the mutated X protein might be
more carcinogenic than the wild-type X protein in HBVinduced hepatocarcinogenesis.
C1653T, T1753V, and A1762T/G1764A are increasingly more prevalent as chronic HBV infection progresses
from the asymptomatic HBsAg carrier state to liver cirrhosis or HCC, indicating that these mutations accumulate
before the diagnosis of HCC[70]. This finding suggests that
these HBV mutations may serve as useful biomarkers for
predicting clinical outcomes of the patients with CHB,
especially with regard to predicting whether they will develop HCC. Like the PreS mutants, HCC-associated HBV
mutants in the EnhⅡ/BCP/Precore region, e.g. A1762T/
G1764A mutants, may not transmit via mother-to-child
vertical transmission because the children whose mothers
carrying HBV mutants were mostly found to be infected
with wild-type form of the same viruses [94,95]. These
HBV mutations are likely generated during HBV-induced
pathogenesis. A1762T/G1764A is frequently detected approximately 10 years before the diagnosis of HCC[70]. It is
therefore necessary to set up likely checkpoints in the life
time for the examination of the HCC-associated HBV
mutations in HBV-infected subjects. Recent epidemiological studies demonstrated that male sex, old age, high HBV
DNA (> 10 000 copies/mL), viral mutations in the PreS
and the EnhⅡ/BCP/Precore regions, HBV genotypes (C
and F), cirrhosis, and family history were associated with
an increased risk of HCC[50-52,65,79-92,96,97]. Further study
should focus on systemic evaluation of these risk factors
for the prediction of HCC.
Combined HBV mutations in the PreS and the Enh
/BCP/Precore
regions are becoming important in
Ⅱ
evaluating HCC risk of HBV-infected subjects[66,69,98]. In
a meta-analysis, we have demonstrated that the frequencies of A1762T/G1764A+C1653T (8.6%), A1762T/
G1764A+T1753V (14.6%), A1762T/G1764A+PreS
mutation (2.2%), and A1762T/G1764A+C1653T+
T1753V (3.2%) are low in ASCs, whereas the frequencies of A1762T/G1764A-based combined mutations
are statistically significantly higher in patients with HCC
than in patients without HCC [70]. For the prediction
of HCC in HBV-infected subjects, A1762T/G1764A
alone has a sensitivity and specificity of 70.6% (95%
CI = 68.7% to 72.5%) and 60.6% (95% CI = 68.7%
to 62.0%), respectively, whereas C1653T+T1753V and
A1762T/G1764A+C1653T+T1753V has high specificity [92.6% (95% CI = 89.2% to 96.0%) and 93.9% (95%
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CI = 90.5% to 97.2%), respectively] but low sensitivity
[20.6% (95% CI = 14.9% to 26.3%) and 24.3% (95%
CI = 17.5% to 31.1%), respectively][70]. These mutations,
alone or in combination, might be reasonably arranged
as predictive markers for the prediction of HCC.

INTERACTIONS BETWEEN HBV AND
HOST SUSCEPTIBLE GENES
HBV genetic variations are necessary but insufficient
for HBV-induced hepatocarcinogenesis. HBV genotypeassociated mutations might be selected by the host
immune system and in turn promote host hepato
carcinogenesis. It is possible that the mutated X protein
could transactivate host oncogenes responsible for the
development of HCC or that transactivators encoded
by some oncogenes select the specific HBV mutations
during HBV-induced hepatocarcinogenesis. There are
many important trans-activating nuclear factors binding
sites located in the PreS and the EnhⅡ/BCP/Precore
regions[66,69,70]. Mutations in the PreS and the EnhⅡ/BCP/
Precore regions might alter the binding ability of some
potential trans-activating factors and therefore alter viral
replication and/or change expression profiling of some
related host genes. The genetic predisposition of some
host genes like MDM2 and p53 gene polymorphisms,
cytokine and TGF-β1 gene polymorphisms, and DNA
repair gene polymorphisms have been associated with
HBV-induced hepatocarcinogenesis[99-102]. Our recent study
demonstrated that nuclear factor κ B1 gene promoter
NFKB1-94ATTG2 allelic carriage, IκBα gene promoter
NFKBIA-826T and NFKBIA-881AG allelic carriage,
and HBV genotype C are independently associated with
an increased risk of HCC, while the estimated haplotype
frequency of NFKBIA promoter -881G-826T-519C
is significantly higher in the patients with HCC than in
the HBV-infected subjects without HCC[103]. Even so, it
is largely unknown so far how HBV variations interact
with host genetic susceptibility. Understanding the
interactions between HBV genetic variations and host
genetic susceptibility is undoubtedly helpful in classifying
the HBV-infected subjects who will develop HCC in
future and need active anti-viral treatments and extensive
surveillance of HCC.
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with genotype B (B2). Genotypes C and F are frequently
associated with the development of HCC. Viral load of
the patients with genotype mixture is usually higher than
that of those infected with unique genotype. HBV mutations in the S genes, especially amino acid substitutions at
position 145 (G145R), are associated with immune escape,
whereas the mutations in the PreS or S genes which cause
impaired HBsAg secretion could present a risk to blood
safety. HBV variants harboring mutations in the viral
polymerase gene that confer resistance to antiviral drugs
may be selected during antiviral therapy with nucleoside
analogs. Genetic diversity of HBV is partly due to virus/host interactions and partly due to parallel evolution
in geographically distinct areas. Different genotypes have
a distinct pattern of mutations in the PreS and EnhⅡ
/BCP/Precore regions. PreS deletions, C1653T, T1753V,
and A1762T/G1764A are associated with an increased
risk of HCC. HCC-associated HBV mutants may not
transmit via mother-to-child vertical transmission, and
are likely generated during HBV-induced pathogenesis.
Frequent examination of HBV mutation alone or in combination as well as genetic susceptibility will be helpful in
classifying the HBV-infected subjects who will develop
HCC and need active anti-viral treatments.
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Abstract
Recent technological advances in miniaturization
have allowed for a confocal scanning microscope to
be integrated into a conventional flexible endoscope,
or into trans-endoscopic probes, a technique now
known as confocal endomicroscopy or confocal laser
endomicroscopy. This newly-developed technology
has enabled endoscopists to collect real-time in
vivo histological images or “virtual biopsies” of the
gastrointestinal mucosa during endoscopy, and has
stimulated significant interest in the application of
this technique in clinical gastroenterology. This review
aims to evaluate the current data on the technical
aspects and the utility of this new technology in
clinical gastroenterology and its potential impact in the
future, particularly in the screening or surveillance of
gastrointestinal neoplasia.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
In recent years, endoscopic image quality has improved
as the devices have advanced technologically. Although
techniques such as chromoendoscopy, high resolution
and magnification endoscopy, narrow band imaging,
and auto-fluorescence imaging improve the visualization
and detection of mucosal lesions, biopsy of the targeted
lesion must still be performed for a formal histological
diagnosis of cellular and architectural atypia.
Suspicious areas identified during endoscopy are
targeted and biopsied or removed endoscopically.
However, there are several disadvantages that may
be associated with biopsies or endoscopic resection,
including bleeding or perforation. Non-representative
biopsies may miss relevant portions of tissue, leading
to underestimation of the diagnosis. Random biopsy
sampling or endoscopic resection for non-neoplastic
lesions can also be time-consuming. It would be ideal
if a definite diagnosis could be made during endoscopy
without a biopsy.
Recent technological advances in miniaturization
have allowed for a confocal scanning microscope to
be integrated into a conventional flexible endoscope,
or into trans-endoscopic probes, a technique now
known as confocal endomicroscopy (CEM) or confocal
laser endomicroscopy (CLE). This newly-developed
technology has enabled endoscopists to collect real-time
in vivo histological images or “virtual biopsies” of the
gastrointestinal (GI) mucosa during endoscopy, and has
stimulated significant interest in the application of this
technique in clinical gastroenterology[1-8].
This report aims to evaluate the current data on the
utility of this new technology in clinical gastroenterology
and its potential impact in the future, particularly in the
screening or surveillance of GI neoplasia.

Department of Gastroenterology, Alfred Hospital, PO Box 315
Prahran, 55 Commercial Road, Melbourne 3181, Australia

PRINCIPLES OF CONFOCAL MICROSCOPY

De Palma GD. Confocal laser endomicroscopy in the “in vivo”
histological diagnosis of the gastrointestinal tract. World J
Gastroenterol 2009; 15(46): 5770-5775 Available from: URL:

Confocal microscopy has been used in the biological sciences since 1961 when the concept of optical sectioning
of a biological specimen was introduced.
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To create confocal images, a low-powered laser (an
argon-ion laser that generates an excitation wavelength
of 488 nm, blue laser light) is focused by an objective
lens into a single point, within a fluorescent specimen.
The same lens is used as both the condenser and objective folding. The point of illumination thus coincides
with the point of detection within the specimen. Light
emanating from that point is focused through a pinhole
to a detector, and light emanating from outside the illuminated spot is rejected. The illumination and detection systems are in the same focal plane and are termed
“confocal” (Figure 1).
After passing the pinhole, the fluorescent light is
detected by a photodetection device (a photomultiplier
tube or avalanche photodiode), transforming the light
signal into an electrical one that is recorded by a computer. All detected signals from the illuminated spot are
captured and measured.
As the laser scans over the plane of interest, a whole
image is obtained pixel-by-pixel and line-by-line, whereas
the brightness of a resulting image pixel corresponds to
the relative intensity of detected fluorescent light.
The gray-scale image created is an optical section
representing one focal plane within the examined specimen.
Confocal microscopy provides the capacity for direct,
non-invasive, serial optical sectioning of intact, thick,
living specimens with a minimum of sample preparation
as well as a marginal improvement in lateral resolution.
Because confocal images depend on fluorescence, a fluorescent dye (contrast agent) is required to make objects
visible.

CONTRAST AGENTS
A fluorescent contrast agent is used and is needed to
achieve high contrast images using CEM. Potentially
suitable agents in humans are fluorescein, acriflavine, tetracycline or cresyl violet. The contrast agents can be applied systemically (fluorescein, tetracycline) or topically
(acriflavine, cresyl violet) by using a spraying catheter.
Of these, intravenous fluorescein sodium (10%) and
topically applied acriflavine (0.2%) have been most commonly used in humans. No data is so far available on the
use of tetracycline and cresyl violet.
Fluorescein is an agent used for diagnostic fluorescein
angiography or angioscopy of the retina and iris vascu
lature.
After intravenous injection, fluorescein binds ext
ensively to serum albumin in the bloodstream. The
unbound contrast diffuses across capillaries, entering the
tissue and staining the extracellular matrix of the surface
epithelium and the lamina propria for up to 30 min[9].
Cell nuclei and mucin are not stained by fluorescein and
therefore appear dark. The mucosal structures that can
be identified after fluorescein administration include
enterocytes, cellular infiltrate, surface epithelial cells,
blood vessels, and red blood cells. Fluorescein is a highly
safe agent whose major side effects are short term (1-2 h)
and include yellowish skin discoloration and 1-2 d
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of bright yellow-colored urine. Nausea and vomiting
were reported during angiography and were transient
and minor. Serious side effects, such as anaphylaxis or
cardiac or respiratory effects, are extremely rare, and to
date, have not been recorded in CEM.
Topical acriflavine is highly specific for labeling acidic
constituents, and stains the nuclei of superficial layers
of the mucosa. The staining provides clear visualization
of cell nuclei in the uppermost mucosa and may allow
better differentiation between intra-epithelial neoplasia
and cancer of the GI tract. Although there has been
a hypothetical concern about the risk of mutagenesis,
no severe adverse reactions have been reported after
the topical use of acriflavine. However, concerns about
DNA damage by acriflavine stain have reduced its use in
humans.
Fluorescein and acriflavine can also be used simult
aneously which adds to the labeling properties.

EQUIPMENT
CLE can be performed currently with 2 devices: (1) integrated into an endoscope (Pentax, Tokio, Japan, herein
termed eCLE); and (2) as a stand-alone probe (herein
termed pCLE) capable of passage through the accessory channel of most endoscopes (Cellvizio, Mauna Kea
Technologies, Paris, France)[10-14].
The Pentax EG-3870CIK (upper endoscope) and EC3870CILK (colonoscope)
The components of the confocal laser endoscope are
based on the integration of a confocal laser microscope
in the distal tip of a conventional video endoscope, which
enables confocal microscopy in addition to standard
video endoscopy (Figure 2). The diameter of both the
distal tip and the insertion tube is 12.8 mm. The distal
tip contains an air and water jet nozzle, 2 light guides, an
auxiliary water jet channel (used for topical application
of the contrast agent) and a 2.8 mm working channel.
This imaging system provides confocal imaging using
an incident 488 nm wavelength laser, and enables the
detection of fluorescence of 505-585 nm wavelength,
with reduced image noise compared with the reflectance
confocal systems. CLE imaging data are collected at a scan
rate of rate of 1.6 frames per second (1024 × 512 pixels)
or 0.8 frames per second (1024 × 1024 pixels) with an
adjustable depth of scanning ranging from 0 to 250 μm, a
field of view of 475 μm × 475 μm, a lateral resolution of
0.7 μm, and an axial resolution of 7 μm. Confocal images
are generated simultaneously with the endoscopic images
and the endoscope working channel can still be used.
The Cellvizio® Endomicroscopy System
The Cellvizio® Endomicroscopy System (Figure 3) is
based on a different catheter probe with a semiconductor
laser that oscillates at 488 nm. The latest model of
Cellvizio confocal miniprobes created for GI tract
applications include CholangioFlex, GastroFlex, ColoFlex,
GastroFlex-UHD, and ColoFlex-UHD. CholangioFlex
probes designed for use during endoscopic retrograde
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Figure 1 Schematic of confocal endomicroscopy principles.
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Figure 2 The endoscope-based confocal laser endomicroscopy (eCLE)
imaging system: the distal tip.

cholangiopancreatography require an endoscope accessory
channel of at least 1.2 mm, whereas the other probes,
which are designed for use in esophagogastroduodenosco
py and colonoscopy, require a channel larger than 2.8 mm.
All probes generate dynamic (12 frames per second)
images with a scanning field of 30 000 pixels.
This system has a field of view of 240-600 μ m
(CholangioFlex probes: 325 μ m; GastroFlex and
ColoFlex: 600 μ m; GastroFlex-UHD and ColoFlexUHD: 240 μm) with a lateral resolution of 1-3.5 μm (the
lateral resolution for CholangioFlex and for GastroFlex
and ColoFlex probes is 3.5 μm; the lateral resolution for
GastroFlex-UHD and ColoFlex-UHD is 1 μ m). This
system has a fixed imaging plane depth, and different
confocal miniprobes are required to vary the depth of
imaging. The depth of imaging for CholangioFlex probes
is 40-70 μm, 70-130 μm for GastroFlex and ColoFlex),
and 55-65 μm for GastroFlex-UHD and ColoFlex-UHD.
Single video frames are reconstructed by a special
computer algorithm (‘‘mosaicing’’) in an image with an
enlarged field of view (4 mm × 2 mm).

PROCEDURE
Once a suspicious area of the mucosa is identified,
contrast agents (fluorescein and/or acriflavine) can be
given, and a CEM examination of the targeted area is
performed by placing the distal tip of the endoscope or

Figure 3 The probe-based CLE (pCLE) imaging system.

the distal tip of the catheter probe against the targeted
mucosa. Gentle suction and/or an endoscopic cap can be
used to stabilize the equipment and minimize excessive
movement, which is important to reduce movement
artifacts during imaging. At the area of interest, images
can be obtained using an image-capture foot pedal and
stored digitally.

INTERPRETATION OF CLE IMAGES
The orientation of the “cut” plane of confocal in vivo
histological images is horizontal whereas in conventional
histological specimens it is longitudinal. CLE images
cannot display a simultaneous overview of the mucosal
and submucosal structures, unlike conventional histology.
CLE images provide a thorough view of the mucosal
architecture and allow rapid differentiation between
normal, regenerative, and neoplastic mucosa of the GI
tract. Differentiation between grades of intra-epithelial
neoplasm by CEM, however, is not yet possible with the
currently available staining techniques.
Endoscopists who perform CEM require a fundamental knowledge of the normal and disease microarchitecture of the GI tract. An onsite pathologist or at
least a review of the stored images by a pathologist and
correlation with biopsy histology is recommended during the learning process.
Some studies of the learning curve for CLE performed by endoscopists demonstrates that highly accurate, efficient in vivo prediction of Barrett’s esophagus
can be achieved after approximately 20-30 independently
performed CLE procedures.
Normal and pathological aspects of CLE imaging
of the upper and lower GI tract are shown in Tables 1-3
and Figures 3-5.

CLINICAL DATA
The current potential indications for CLE imaging are
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Table 1 Confocal criteria for squamous cell epithelium and carcinoma

Cellular criteria
Vascular criteria

Squamous cell epithelium

Squamous cell neoplasia

Dark, homogeneous epithelial cells; regular architecture and
clearly visible borders
Capillaries directed to luminal epithelium without leakage of
fluorescein

Dark cells with different sizes; no clearly visible borders;
irregular architecture
Twisted and irregular vessels; elongated capillaries; capillary
leakage

Table 2 Confocal laser endomicroscopy (CLE) classification of Barrett’s esophagus
Confocal diagnosis

Vessel architecture

Crypt architecture

Gastric-type
epithelium
Barrett’s epithelium

Capillaries with a regular shape only visible in the deeper parts
of the mucosal layer
Subepithelial capillaries with a regular shape underneath
columnar-lined epithelium visible in the upper and deeper parts
of the mucosal layer

Neoplasia

Irregular capillaries visible in the upper and deeper parts of the
mucosal layer. Leakage of vessels leads to a heterogeneous and
brighter signal intensity within the lamina propria

Regular columnar-lined epithelium with round glandular
openings and typical cobblestone appearance
Columnar-lined epithelium with intermittent dark mucin
in goblet cells in the upper parts of the mucosal layer. In
the deeper parts, villous, dark, regular cylindrical Barrett’s
epithelial cells are present
Black cells with irregular apical and distal borders and shapes,
with strong dark contrast against the surrounding tissue

Table 3 CLE classification of patterns in colorectal lesions
Grading

Vessel architecture

Crypt architecture

Normal

Hexagonal, honeycomb appearance that presents a network of
capillaries outlining the stroma surrounding the luminal openings
of the crypts
Hexagonal, honeycomb appearance with no increase or only a
slight increase in the number of capillaries

Regular luminal openings and distribution of crypts covered
by a homogeneous layer of epithelial cells, including goblet
cells
Star-shaped luminal crypt openings or focal aggregation of
regular-shaped crypts with a regular or reduced amount of
goblet cells
Ridge-lined irregular epithelial layer with loss of crypts
and goblet cells; irregular cell architecture, with little or no
mucin

Regeneration

Neoplasia

Dilated and distorted vessels with increased leakage; irregular
architecture, with little or no orientation to the adjoining tissue

broad and include almost all current applications of
endoscopic biopsy.
Unequivocally, this technolog y is best used in
conjunction with other “red-flag” techniques because
of its minute scanning area, and thus is only appropriate
for classification of tissue at a site already detected
by standard or optically enhanced endoscopy. Ideally,
the no-dye “red-flag” techniques such as narrow band
imaging or auto-fluorescence imaging, should be used
to screen the mucosa for “areas of interest”, which
can then be interrogated by CEM for a “histological”
diagnosis. An example would be use of narrow-band
imaging to detect regions of suspicion in Barrett’s
esophagus, followed by CLE to confirm intraepithelial
neoplasia, and guide immediate therapy.
The confocal laser endoscope can be used routinely
for screening and sur veillance. Suspicious lesions
can be examined in a targeted fashion by placing the
endomicroscopy window onto the lesion. Confocal
images can be graduated according to cellular and vascular
changes. The images correlate well with conventional
histology after targeted biopsies.
Numerous studies have addressed the clinical appli
cations of CLE, in particular in the study of precancerous

lesions of the upper and lower GI tract[15,16].
In patients with Barrett’s esophagus, CLE can
diagnose Barrett’s epithelium and Barrett’s-associated
neoplastic changes with an accuracy > 90% for both
e-CLE or p-CLE[17-23].
CLE in the stomach allows good visualization of
normal and pathologic gastric pit patterns, making it a
potentially useful tool for diagnosis of gastric cancer and
precancerous conditions. Direct in vivo identification of
Helicobacter pylori infection can be obtained[24-27].
In patients with suspected celiac disease, confocal
endomicroscopy can demonstrate villous atrophy and
an increased number of intraepithelial lymphocytes,
enabling immediate in vivo diagnosis of celiac disease[28].
The presence of neoplastic changes in a colonic
mucosa can be predict with high accuracy (> 95%).
CLE has several potential roles in polyp management.
The best-studied application is to distinguish between
hyperplastic and adenomatous polyps, thus negating
the need to remove hyperplastic polyps. In patients
with long-term ulcerative colitis, chromoscopy with
supplemental CEM, has recently been shown to further
increase the yield for intraepithelial neoplasia above and
beyond methylene blue. pCLE also has the capacity
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Figure 5 pCLE fluorescein sodium 10% imaging of an adenomatous
colonic polyp (A) and colonic adenocarcinoma (B).
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Figure 4 pCLE fluorescein sodium 10% imaging of the normal colon (A)
and normal duodenum (B).

depth of penetration is also needed to assess depth of
invasion during cancer staging.

to differentiate normal from inflamed tissue, and thus
target biopsies for the purpose of grading and mapping
the extent of colitis[29-34].
CEM can also be helpful for the diagnosis of micro
scopic colitis in patients with chronic diarrhea. In
patients with collagenous colitis, it allows direct in vivo
visualization of collagenous bands under the epithelial
layer of the colon, and in patients with lymphocytic
colitis, it can demonstrate crypt distortion and an
increased distance between the colonic crypt. Thus, CLE
has the potential to replace or direct a large number of
random biopsies in patients with chronic diarrhea, where
the confocal image is normal[35-37].
Pancreato-biliary applications are under way using
the probe-based CLE. The major role of pCLE in the
bile duct is likely to detect cancer in indeterminate bile
duct and pancreatic strictures[38,39].
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Abstract
Liver regeneration is a complex and well-orchestrated
process, during which hepatic cells are activated to
produce large signal molecules in response to liver
injury or mass reduction. These signal molecules, in
turn, set up the connections and cross-talk among
liver cells to promote hepatic recovery. In this review,
we endeavor to summarize the network of signal
molecules that mediates hepatic cell communication in
the regulation of liver regeneration.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The liver is a vital organ. It has a wide range of functions, which include synthesis, metabolism, storage and

redistribution of amino acids, proteins (e.g. albumin and
acute-phase proteins, enzymes and cofactors), carbohydrates, fats and vitamins. It also is involved in detoxification through: (1) removal of waste and xenobiotics, by
breakdown of insulin and other hormones, hemoglobin,
toxic substances, and medical products of drugs; (2)
conversion of ammonia to urea; and (3) production and
excretion of bile. The parenchymal cells (hepatocytes),
which make up 70%-80% of hepatic cells, carry out
most of these functions. The other 20% comprise the
non-parenchymal cells, which include Kupffer cells, stellate cells, sinusoidal endothelial cells (SECs), biliary epithelial cells, lymphocytes, and oval cells[1].
The liver is the only organ that can regenerate fully
after injury in mammals[2]. When the liver is subjected
to surgery, toxic substances, or viral infection, it has an
amazing regenerative ability to restore functional hepatic
mass. Injury induces the priming of recovery mechanisms with large changes in hepatic composition, such
as activation of non-parenchymal cells, production and
activation of multiple factors. These factors further lead
to proliferation of hepatocytes and non-parenchymal
cells, recovery and re-establishment of tissue architecture. When the liver recovers its normal volume and
function, the regenerative response is terminated. Liver
regeneration is actually compensatory hyperplasia, which
is mediated typically by the proliferation of surviving hepatocytes[3]. When hepatocyte proliferation is inhibited,
oval cell proliferation occurs[4]. This review endeavors
to summarize the roles of hepatocytes and non-parenchymal cells, as well as signal communication among the
hepatic cells during liver regeneration.

FUNCTION OF VARIOUS TYPES OF
LIVER CELL REGULATED BY DIFFERENT
SIGNAL MOLECULES
Hepatocytes
Hepatocytes are organized into single-cell plates in
mammals separated by vascular channels (sinusoids).
Hepatocytes perform most liver functions such as
synthesis, storage, metabolism and transformation of
carbohydrates, amino acids, proteins, fats and vitamins,
and detoxification, modification and excretion of
exogenous and endogenous substances. The hepatocyte
also initiates the formation and secretion of bile. During
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liver regeneration, hepatocytes are primed to proliferate,
maintain metabolic function, secrete interleukin (IL)-6,
proteases and protease inhibitors, and hepatocyte growth
factor (HGF)[5].
Kupffer cells
Kupffer cells are liver-resident macrophages with a
pronounced phagocytic and endocytic capacity mainly
located within the sinusoids [6]. Kupffer cells play an
important role in the clearance of senescent and damaged
erythrocytes. Kupffer cells also secrete potent mediators
of the inflammatory response [7]. During the priming
phase of liver regeneration, Kupffer cells are activated and
secrete pro-inflammatory cytokines, most prominently
tumor necrosis factor (TNF)-α, IL-6, and IL-1β, which
can initiate the acute phase response in hepatocytes[8].
Small-for-size orthotopic liver transplantation may
often cause graft failure. In a mouse partial 30% liver
transplantation model, interruption of TNF-α signaling
by Kupffer cell inactivation through administration of
pentoxifylline and GdCl3, or the use of Tnfr-1-/- mice
improves animal survival and enhances liver regeneration.
These results are partly due to the fact that inhibition of
TNF-α reduces leukocyte adherence, and improves portal
flow and microcirculation[9].
Hepatic stellate cells (HSCs)
HSCs, also known as Ito cells, fat-storing cells or liver
fibroblasts, are located in the space of Disse between the
hepatocytes and the hepatic sinusoidal endothelial lining.
In normal liver, HSCs sustain a quiescent state. Quiescent
HSCs represent 5%-8% of liver cells, store 80% of total
body retinol (vitamin A) as cytoplasmic lipid droplets,
control turnover of extracellular matrix (ECM), and
regulate the contractility of sinusoids[5-7]. Following hepatic
damage, HSCs trans-differentiate into ECM-secreting
myofibroblasts (activated HSCs) [10], with the loss of
retinol-rich droplets[11]. HSCs can secrete ECM proteins,
including laminins, collagens and proteoglycans, growth
factors such as HGF, fibroblast growth factor (FGF),
transforming growth factor (TGF)-β and cytokines such
as IL-6, and produce some matrix metalloproteinases and
tissue inhibitors of metalloproteinases[5]. The HSC is the
major cell type involved in liver fibrosis. HSCs also behave
as professional liver-resident antigen-presenting cells
(APCs)[6,11]. A recent study has suggested that quiescent
HSCs of rats retained within the space of Disse express
stem/progenitor cell markers (e.g. CD133 and Oct4) and
possess a differentiation potential. The space of Disse acts
as a HSC niche, which is similar to the stem cell niche.
These characteristics of quiescent HSCs are determined
by the special microenvironment in the space of Disse,
which is composed of basal lamina proteins (laminin
and collagen type Ⅳ), sympathetic innervation and the
adjacent cells. The adjacent cells include SECs, which
release stromal cell-derived factor-1 to attract HSCs via
the cysteine-X-cysteine receptor 4, and hepatocytes, which
synthesize β-catenin-dependent Wnt ligands and Jagged-1
to attract HSCs through Wnt receptor frizzled, and to
have direct physical interactions with HSCs through
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Jagged-1 receptor notch[11-13].
Neurotropin receptor p75NTR is a low-affinity panneurotropin receptor that belongs to the TNF receptor
superfamily. In the diseased liver, p75NTR is expressed in
HSCs. When p75NTR is activated, it activates the Rho/Rho
kinase pathway, which enhances actin filament formation
and phosphorylation of cofilin in a ligand-independent
manner. This pathway contributes to the transition of
quiescent stellate cells into myofibroblast-like cells that are
important cellular sources of HGF. HGF drives healthy
hepatocytes into proliferation. During perpetuation of
trans-differentiation, secretion of pro-nerve growth factor
(NGF) or NGF by neighboring regenerating hepatocytes
leads to ligand-induced activation of apoptotic pathways,
including the neurotrophin receptor interacting factor/
TNF receptor-associated factor/Ras-related C3 botulinum
toxin substrate/c-Jun N-terminal kinase/caspase pathway
in stellate cells. In mice, depletion of p75NTR exacerbates
liver pathology and inhibits hepatocyte proliferation in vivo.
p75NTR-/- HSCs fail to differentiate into myofibroblasts and
do not support hepatocyte proliferation[14,15].
SECs and biliary epithelial cells
Liver SECs constitute the wall of the hepatic sinusoid
and separate hepatocytes from the sinusoidal blood.
They perform an important filtration function due to the
presence of open fenestrations, with an average diameter
of 120 nm, which allow free diffusion of many substances,
but not of particles of the size of chylomicrons, between
the blood and the hepatocyte surface. SECs have large
endocytic and metabolic capacity for many ligands
including glycoproteins, lipoproteins, ECM components
(e.g. hyaluronate, collagen fragments, fibronectin, or
chondroitin sulfate proteoglycan), immune complexes,
transferrin and ceruloplasmin. SECs may function as APCs
in the context of both major histocompatibility complex
(MHC)-Ⅰ and MHC-Ⅱ restriction, with the resulting
development of antigen-specific T cell tolerance. They
are also active in the secretion of cytokines (IL-6), HGF,
TGF-β, eicosanoids (i.e. prostanoids and leukotrienes),
endothelin-1, nitric oxide, and some ECM components[5,7].
Biliary epithelial cells (cholangiocytes) constitute the
bile ducts in hepatic portal triads. Cholangiocytes may
transport water, ions and solutes; secrete growth factors
and peptides that mediate cross-talk with other cells of
the liver in a paracrine mode; secrete chemokines (e.g.
monocyte chemotactic protein-1) and cytokines (e.g.
IL-6) and express adhesion molecules that attract effector
leukocytes and promote the clearance of infected cells;
and promote ﬁbrogenesis by attraction of HSCs[5,16].
Notch-1 and Jagged-1 are expressed in bile duct cells
and hepatocytes in normal rat liver. Moreover, Notch-1
is also expressed in endothelial cells of the sinusoids
and small vessels. After partial hepatectomy (PH) in rats,
both Notch-1 and Jagged-1 proteins are upregulated and
mainly exist in periportal hepatocytes. Notch receptor
expressed in endothelial cells may be stimulated by its
ligand Jagged, which is highly expressed in proliferating
hepatocytes. Such interactions between ligands/receptors
cause a decrease in endothelial cell proliferation and
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promote formation of mature sinusoids. The Jagged/
Notch signal is required to maintain a differentiated
phenotype of bile duct cells, but more functions of
Jagged/Notch signaling in bile duct cell proliferation and
duct assembly remain vague[17].
Dendritic cells (DCs), natural killer (NK) cells and NKT
cells
Interstitial liver DCs play important roles in innate
and adaptive immunity. The outcome of liver DCs
interacting with the antigen-specific T cells determines
the balance between tolerance and immunity. Systemic
and local environmental factors influence hepatic DC
migration, maturation, and function[18].
After 75% PH in male C57BL/6 mice, CD11c+ (DC
marker) liver (L)DCs increased significantly within 6 h and
maintained an inherent, immature phenotype in both PBSand Flt3L (fms-like tyrosine-3 ligand, a hematopoietic
growth factor that expands dramatically the number of
DCs in lymphoid and non-lymphoid tissues, including
the liver, without changing their maturation state)pretreated mice[19]. The increase was more notable in mice
pretreated with Flt3L compared with PBS. The numbers
of CD11c+ LDCs returned to pre-hepatectomy levels by
24 h. The expanded LDC population showed increased
IL-10 and reduced interferon (IFN)-γ gene transcription
6 h after PH. The concomitant increase in expression
of the anti-inflammatory cytokine IL-10 suggests that
LDCs are involved actively in promoting a state of
local immunosuppression. The decrease in IFN- γ is
associated with inhibition of hepatic NK cell lytic activity.
LDCs isolated from the liver 6 h after 75% PH exhibit
enhanced estrogen receptor expression, concomitant
with increased serum 17-β-estradiol levels. Flt3L-treated
mice showed a significant increase in proliferating cell
nuclear antigen labeling index compared with PBS-treated
mice at 12, 24, 48 and 72 h after 40% PH, with a peak at
48 h. These results indicate that the increased numbers
of estrogen-exposed DCs may play a key role in local
immune suppression and promote progression of liver
regeneration, by altering the balance toward a Th2-like
microenvironment[19].
NK cells are cytotoxic large granular lymphocytes
derived from CD34+ hematopoietic stem cells. NKT
cells have three categories: Ⅰ type (classical, V α 14J α 18 +TCR/CD1-dependent); Ⅱ type (non-classical,
all other CD1d-dependent T cells); and NKT-like cells
(CD1d-independent NK1.1 + T cells). NK and NKT
cells are components of the innate immune system and
participate in the inflammatory processes during hepatic
injury. NK and NKT cells also contribute to adaptive
immune responses by interacting with APCs[20]. NK and
NKT cells accelerate liver injury through production
of pro-inflammatory cytokines and killing hepatocytes.
NKs inhibit liver fibrosis via killing early-activated and
senescent-activated stellate cells and producing IFN-γ.
For the regulation of liver ﬁbrosis, NKT cells appear to
be less important than NK cells as a result of hepatic
NKT cell tolerance[21].
Treatment of mice with murine cytomegalovirus
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(MCMV) infection and toll-like receptor (TLR)3 ligand
poly I:C results in the activation of NK cells to produce
IFN-γ and attenuates liver regeneration after PH. NKT
cells may only play a minor role in the negative suppressive effects of MCMV and poly I:C on liver regeneration[22]. However, in HBV transgenic (HBV-tg) mice,
PH-induced liver regeneration is delayed. The impaired
liver regeneration is related to the increased activation
and number of NKT cells and their enhanced IFN-γ
production. NKT cells usually are activated by antigenloading CD1d on APCs and soluble cytokines, such as
IL-12 that is produced by Kupffer cells. Elevated CD1d
on hepatocytes contributes to NKT cell activation and
subsequent impairment of liver regeneration in HBVtg mice. The impairment of liver regeneration in HBVtg mice is largely ameliorated by NKT cell depletion, but
not by NK cell depletion[23].
Pretreatment of V α 14 NKT/J α 281 +/+ mice with
IL-12 or α-galactosylceramide (α-GalCer) 5 d before PH
induced activation of NKT cells. The activated NKT cells
expressed increased mRNA levels for TNF-α and IFN-γ
and enhanced liver injury at 24 h after PH. Hepatic NKT
cells rather than Kupffer cells might produce TNF-α
after the administration of IL-12 or α-GalCer. TNF-α
produced by activated Vα14 NKT cells was more than
sufficient to enhance liver damage during the early phase
of liver regeneration. The regenerating hepatocytes
were destroyed specifically through the TNF receptor 1
(TNFR1) mediated TNF-α/TNFR1 pathway, which led
eventually to impaired liver regeneration[24]. However, in
another study, in mice injected with α-GalCer 36 h after
70% PH, the induced activation of NKT cells greatly
enhanced hepatocyte mitosis 44 h after surgery, via the
TNF- α /TNFR1 and Fas/FasL-mediated pathways,
accompanied by increased expression of TNFR1 and
FasL in liver NKT cells[25].
Stem cells and progenitor cells
After injury, liver regeneration occurs typically through
replication of existing hepatocytes, however, when hepatocyte proliferation is attenuated or blocked, the liver is repopulated by induction, proliferation, and differentiation
of the progenitor cell compartment. Hepatic progenitor
cells are rare quiescent cells that are thought to reside in
the canals of Hering. The oval cells are a type of liver progenitor cells that express markers in common with cholangiocytes and embryonic hepatocytes in rodents[4,26-28].
Oval cells are characterized by expressing phenotypic
markers such as A6[27,28] and thymus cell antigen 1, and
[29]
α-fetoprotein (AFP) .
Oval cells are much less sensitive to TGF-β-induced
growth inhibition than hepatocytes in vivo and in vitro.
These results are partly due to Mothers against decapentaplegic homolog (Smad)6 intervention. Smad6 is
present in much higher amounts in oval cells (LE-2 and
LE-6 cells) compared with hepatocytes (AML-12 cells or
primary hepatocytes). The significant levels of Smad6 in
oval cells inhibit TGF-β signaling by associating with the
type Ⅰ receptor, thereby interfering with Smad2 phosphorylation by the activated receptor complex, which

www.wjgnet.com

Zheng ZY et al . Cell communication during liver regeneration

prevents translocation of Smad2 to the nucleus, and subsequent target gene transcription[4]. The combination of
IFN-γ with lipopolysaccharide (LPS) or TNF-α causes
a reversible cell cycle arrest in cultured hepatocytes
(AML-12 cells), but stimulates DNA replication in oval
cells (LE-6 cells). Hepatocyte cell cycle arrest is caused,
at least in part, through NO release produced by inducible NO synthase after IFN-γ/LPS or IFN-γ/TNF-α
administration[26].
The hepatic expression of lymphotoxin-β (Lt-β or
Tnf-β ) and Ifn-γ produced by oval cells is upregulated
and promotes oval cell-mediated liver regeneration in a
choline-deficient, ethionine-supplemented (CDE) diet/
PH mouse model. In Lt-β r knock-out (KO), Lt-β KO,
and Ifn-γ KO mice, oval cell-mediated liver regeneration
is impaired, which confirms a role for LT-β/LT-βR and
IFN-γ in oval cell-mediated liver regeneration[27].
Gp130-mediated IL-6 signaling may play a role in
oval cell proliferation in vivo. In livers of IL-6-/- mice fed
with a CDE diet, the numbers of oval cells were reduced
compared with IL-6+/+ control mice. The hyperactive
signal transducer and activator of transcription (STAT)3
signaling Gp130 Y757F mouse model was derived when
the tyrosine 757 residue of gp130 was mutated to a
phenylalanine that prevented suppressor of cytokine
signaling proteins (SOCS)3 binding and Src homology 2
(SH2) domain-containing protein-tyrosine phosphatase
(SHP)2/RAS/extracellular signal-regulated kinases (ERK)
signaling upon gp130 activation. Hyperactive STAT3
signaling in Gp130Y757F and Socs3-/ΔAlb (Socs3-/-) mice fed
a CDE diet results in increased oval cell proliferation
compared with wild-type and gp130-mediated hyperactive
ERK1/2 signaling (Gp130ΔSTAT) mice. However, SOCS3
overexpression or ERK1/2 activation inhibits oval cell
proliferation in oval cell lines[28]. Proliferation of oval cells
is associated with activation of nuclear factor (NF)-κB
and STAT3 during oval cell-mediated liver regeneration in
a 2-acetylaminofluorene (AAF)/PH rat model. Sustained
NF-κ B signaling has a critical role in protecting oval
cells against apoptosis during stem cell-mediated liver
regeneration. STAT3 plays a important role in driving
proliferation and regulating differentiation of the hepatic
stem cell progenies[30].
Connective tissue growth factor (CTGF or CCN2) is
a secreted matricellular protein that belongs to the CCN
family. This protein comprises four mosaic conserved
modules. CTGF normally is expressed at a very low level
in the liver. However, when the liver suffers from chronic
or acute injury, CTGF level is upregulated in diverse repair
processes[29]. Recruitment and proliferation of Thy-1+
oval cells is a hallmark of liver regeneration in rats after
2-AAF/PH. Sorted Thy-1+ oval cells in rats after 2-AAF/
PH express a high level of Ctgf gene accompanied by
upregulated CTGF protein expression. Blocking CTGF
induction by iloprost (a known inhibitor of CTGF
synthesis) significantly decreased the oval cell proliferation
and lowered the level of AFP expression as compared
with control animals. These results suggest that CTGF
induction is important for robust oval cell proliferation
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after 2-AAF/PH treatment in rats[31]. Yeast two hybrid
experiments have identified that fibronectin (FN) is a
CTGF-binding protein. FN that binds to modules Ⅰ and
Ⅳ of CTGF and co-localizes with CTGF on the
provisional hepatic ECM around the periportal regions
promotes oval cell adhesion and migration, thereby
facilitating oval cell activation[29].
In 2-AAF/PH-treated rats, hepatocytes strongly
express multidrug resistance protein 1b, but oval cells
express high levels of active multidrug resistance
associated protein (Mrp)1 and Mrp3. Mrp1 functions
mainly as a cellular efflux pump of cysteinyl-leukotrienes
and glutathione-S-conjugates, and Mrp3 as a pump for
glucuronides and mono- and divalent bile salts, thus
Mrp1 and Mrp3 may have a role in removing exogenous
and endogenous toxic drugs/metabolites from oval cells,
and facilitate oval cell proliferation in conditions of
severe hepatotoxicity[32].
Sympathetic nervous system inhibition using prazosin (PRZ, an α-1 adrenoceptor antagonist) or 6-hydroxydopamine (6-OHDA, an agent that induces chemical
sympathectomy) significantly enhanced hepatic accumulation of oval cells and reduced liver damage in mice fed
antioxidant-depleted diets to induce liver injury. Neither
PRZ nor 6-OHDA affects the expression of cytokines,
growth factors, or growth factor receptors that are
known to regulate progenitor cells[33].
The plant lectin concanavalin A (Con A) may induce
T cell-mediated hepatitis in mice. Following PH, ConAtreated mice show significantly impaired early regenerative
responses, such as decreased cyclin D1 and E expression
and STAT3 activation within hepatocytes, in conjunction
with reduced IL-6 production, increased IFN-γ, TGF-β
and p21waf expression, and increased TGF-β-induced
Smad2 phosphorylation. However, Con A may induce
an increase in the number of NK cell-sensitive oval cells
(CD117, AFP, albumin, and cytokeratin-positive cells)
and hematopoietic-like cells (Sca-1+ cells) in these mice[34].
Furthermore, much more accumulated lipid was seen in
the liver of mice with Con A-induced hepatitis, by Oil
Red O staining[35].
The IL-6/gp80/gp130 signaling system contributed
to rapid expansion of the progenitor cell populations
including liver hematopoietic progenitor cells and liver
epithelial progenitor cells in a Con A/PH-mediated
mouse liver injury model[36].

SIGNAL COMMUNICATION THAT
OCCURS IN THE PROGRESSIVE PHASES
OF LIVER REGENERATION
Liver injury causes significant changes in the expression
and activity of a variety of signal mediators produced
by hepatic cells, endocrine glands and platelets. These
molecules include complement components C3 and
C5; cytokines (TNF-α and ILs); growth factors [TGF,
epidermal growth factor (EGF), platelet-derived growth
factor, vascular endothelial growth factor (VEGF), FGF,
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insulin-like growth factor (IGF)-I, and HGF]; hepatic
ECM; extracellular proteases and protease inhibitors;
hormones [insulin, growth hormone (GH), thyroid
hormone, vasopressin, prostanoids, and endothelin-1]
and neurotransmitters (serotonin); metabolites [bile acids,
reactive oxygen species (ROS), NO, lipids, glutathione,
S-adenosylmethionine, and sphingosine-1-phosphate];
and chemokines[1,5,7,37-42]. Liver regeneration progression
is highly coordinated by the signal communication
between hepatocytes and non-parenchymal cells, and
is also influenced by endocrine glands, sympathetic
innervation, and blood circulation. The progression of
liver regeneration is segmented into several phases. Here,
we describe the mechanisms of liver regeneration in
each phase.
Priming phase
In models of liver injury induced by toxins, such as
CCl4, or Fas ligand, the hepatocytes are damaged and
undergo necrosis, for which, the growth factor- and
cytokine-mediated pathways are similar to those in PH
models[1]. Liver injury causes the release of ROS and
LPS, which trigger the activation of the complement
system. After complement activation, cleavage of C3 or
C5 leads to the generation of the potent anaphylatoxins
C3a and C5a. LPS, C3a and C5a in turn activate the nonparenchymal cells such as Kupffer cells, through the cell
surface receptor TLR4 and G protein-coupled receptors
C3aR and C5aR, which causes activation of the NFκB signaling pathway and the production of cytokines
such as TNF-α and IL-6. TNF-α then interacts with
TNFR on Kupffer cells, which stimulates intensive
synthesis of TNF- α and IL-6. Furthermore, SECs,
HSCs, biliary epithelial cells and hepatocytes may also
produce IL-6[5,43,44]. The cytokines TNF-α and IL-6 are
responsible for priming the quiescent hepatocytes into the
cell cycle (G0 to G1) through binding to their receptors
TNFR1 and IL-6R; activating the NF-κB, JAK/STAT3
and MAPK signal pathway; initiating the transcription of
immediate early genes; and sensitizing hepatocytes to the
proliferative effects of growth factors[37].
Proliferative phase
In rat liver PH models, the rate of DNA synthesis in
hepatocytes begins to increase after about 12 h and peaks
around 24 h. However, induction of DNA synthesis
occurs later in the non-parenchymal cells (at about 48 h for
Kupffer, biliary epithelial and stellate cells, and at about
96 h for endothelial cells). Subsequent levels of DNA
synthesis in hepatocytes are lower, as complete restoration
of liver mass requires an average of about 1.66 cycles
of replication in all cells. By comparison, the peak in
DNA synthesis in mice occurs later (36-40 h after PH)
and varies between strains[1,45]. Many growth factors and
growth factor-binding proteins are produced to promote
the progression of liver regeneration.
The bulk of IGF-I is synthesized by hepatocytes,
but is also produced by other types of non-parenchymal
liver cells. Hepatic IGF-I synthesis is not only regulated
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by growth hormone, insulin, and IGF-I, but also by
cytokines released from activated Kupffer (IL-1, TNF-α
and TGF- β ) or stellate (TGF- α and TGF- β ) cells [7].
The biological actions of IGF-I are mediated through
its physiologic receptor IGF-1R and insulin receptor.
The activity of IGFs is modulated by a family of highaffinity binding proteins (IGFBP-1-6) and IGFBP
proteases [46]. HGF is produced mainly by HSCs, but
also by hepatocytes, SECs, and performs its functions
through interacting with its receptor c-met[5]. The EGF
family consists of several members, including EGF,
TGF-α, heparin-binding EGF-like growth factor (HBEGF), amphiregulin (AR), β cellulin, and epiregulin[47].
HB-EGF is expressed mainly in Kupffer and endothelial
cells[48]; TGF-α is synthesized mainly by hepatocytes[49];
expression of AR is induced by hepatocytes, Kupffer
cells and HSCs [50,51]; and these factors transmit their
signal through EGF receptor.
Most growth factors are usually formed in an inactive
precursor bound with ECM or integral to membrane.
During liver regeneration, extracellular protease activation
and ECM degradation occur in the ﬁrst few hours before
hepatocyte DNA synthesis and division, and growth
factors are released and activated from the bound ECM
or cell membrane by the extracellular protease[5]. These
activated growth factors binding to their corresponding
receptors drive hepatic cells into DNA replication and
mitosis. Furthermore, factors such as insulin from the
pancreas, EGF from the duodenum or salivary gland,
norepinephrine from the adrenal gland, triiodothyronine
from the thyroid gland, GH from the anterior pituitary
gland, arginine vasopressin (AVP) from the posterior
pituitary, serotonin from platelets, and prostaglandins
(PGs) from Kupffer cells and hepatocytes are also
involved in the process of liver regeneration[1,38,52-54].
Remodeling phase
After cell division, hepatocytes are formed in clusters that
no longer associate with sinusoids. The nascent endothelial
cells travel among cell clusters to form sinusoids that
will line hepatocyte plates. VEGF, angiopoietin and their
receptors Flt-1 (VEGF-R1), Flk-1/KDR (VEGF-R2),
Flt-4 (VEGF-R3), and Flt3/Flk2, as well as tyrosine kinase
containing immunoglobulin and epidermal growth factor
homology domain (Tie)-1 and Tie-2 might be involved in
this process[5,55]. Meanwhile, biliary epithelial cells rebuild
the biliary tree in hepatic portal triads. Synthesis of new
ECM, vasculature and biliary tree then reestablishes tissue
architecture.
Terminating phase
TGF-β and activin A belong to the TGF-β superfamily
of cytokines. TGF-β is produced mainly in HSCs, but is
also expressed in SECs and Kupffer cells[4,5]. In the liver,
activin A is synthesized predominantly in hepatocytes,
but is also expressed in non-parenchymal cells under
pathological conditions. Activin A is an autocrine
growth inhibitor that is produced in hepatocytes, and is
involved in inhibiting the proliferation of hepatocytes,
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regenerating hepatocytes promotes the termination of the activated state of HSCs by pro-NGF- or NGF-induced apoptotic pathways. When the liver mass is restored
to its normal volume, the increased signaling by activin A, apoptosis and other factors may promote termination of liver regeneration. The prototype of this figure is
originated from reference[43].

inducing the differentiation of hepatocytes, augmenting
the tubulogenesis of SECs, and stimulating collagen
production in HSCs[56].
TGF-β and activin A may bind to their high-affinity
cell surface type Ⅱ receptor TGFBR2/T β RⅡ and
ACVR2/ActRⅡ or ACVR2B/ActRⅡb, respectively,
either directly or via co-receptors, and recruit and activate
their cell surface type Ⅰ receptors TGFBR1/ALK5
(TβRI), ACVRL1/ALK1, ACVR1/ALK2 and ACVRL1/
ALK1, ACVR1/ALK2, ACVR1B/ALK4, respectively,
which leads to activation of their downstream Smad
signal pathway [57,58] . TGF- β inhibits G1 to S phase
transition in hepatocytes, but TGF-β signaling is blocked
during the proliferative phase; furthermore, intact TGF-β
signaling is not required for the termination of liver
regeneration[1,59]. When the liver mass restores its normal
volume, the increased signaling by activin A, apoptosis
and other factors[59], and the decreased expression and
activation of promoting proliferation factors due to
the restored ECM and tissue architecture may promote
termination of liver regeneration. Figure 1 depicts the
main signal communication network that occurs in the
progression of liver regeneration.
Following liver injury, the expression and activity
of signal molecules produced by activated hepatic cells

are controlled in a time- and micromilieu-dependent
mode. The direct interactions among hepatic cells and
the indirect interactions mediated by secreted signal
molecules with hepatic cells constitute the dynamic
recovery process of liver regeneration. Many more signal
molecules and pathways are involved in the regulation of
liver regeneration than those mentioned above. Further
study will reveal more facts about the mechanisms of
liver regeneration.

CONCLUSION
Liver regeneration is a very complex process, which
is accompanied by a highly regulated intercellular
and intracellular signal communication network. The
extracellular signal molecules that regulate the progression
of liver regeneration are produced by hepatic cells,
endocrine glands and platelets in autocrine, paracrine,
juxtacrine and endocrine modes. Most of these signal
molecules are inactive precursors that need to be further
processed into a mature form by activated proteases in
ECM or on membrane of adjacent hepatic cells. The
extracellular signaling interfaces with intracellular signals
through their specific receptors. Liver regeneration is
highly coordinated by the cross-talk between these signal
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molecules and hepatic cells. Liver has a regenerative
ability to restore functional hepatic mass after liver injury,
but under some pathological conditions, the recovery of
liver is not autonomous, so the study of the pathogeny
of the diseased liver is more significant, to provide
methods for treating patients with liver damage.
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Abstract
The etiopathology of inflammatory bowel disease
(IBD) remains elusive. Accumulating evidence suggests
that the abnormality of innate and adaptive immunity
responses plays an important role in intestinal inflam
mation. IBD including Crohn’s disease (CD) and
ulcerative colitis (UC) is a chronic inflammatory disease
of the gastrointestinal tract, which is implicated in an
inappropriate and overactive mucosal immune response
to luminal flora. Traditionally, CD is regarded as a Th1mediated inflammatory disorder while UC is regarded as
a Th2-like disease. Recently, Th17 cells were identified
as a new subset of T helper cells unrelated to Th1 or
Th2 cells, and several cytokines [e.g. interleukin (IL)-21,
IL-23] are involved in regulating their activation and
differentiation. They not only play an important role in
host defense against extracellular pathogens, but are also
associated with the development of autoimmunity and
inflammatory response such as IBD. The identification
of Th17 cells helps us to explain some of the anomalies
seen in the Th1/Th2 axis and has broadened our
understanding of the immunopathological effects of
Th17 cells in the development of IBD.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Current evidence strongly suggests that inflammatory
bowel disease (IBD) arises from a disruption of mucosal
immune homeostasis in genetically susceptible individuals,
resulting in altered processing of enteric antigens, patho
genic T cell activation, and chronic inflammation[1-3].
Although the etiology of IBD remains unclear, accumu
lating evidence has indicated that dysfunction of the
mucosal immune system plays an important role in the
pathogenesis of IBD. Among a variety of inflammatory
cells in the gut, mucosal CD4+ T cells are thought to play
a central role in both the induction and persistence of
chronic inflammation by producing proinflammatory
cytokines. Studies have indicated that Th1-related
cytokines [e.g. tumor necrosis factor (TNF), interferon
(IFN)-γ, interleukin (IL)-12] as well as Th17-associated
cytokines (e.g. IL-17A, IL-21, IL-23) are markedly
increased in inflamed mucosa of CD, whereas the
cytokine proﬁles in inflamed areas of UC seem to exhibit
increased production of the Th2 cytokines such as IL-5
and IL-13[1-3]. These proinﬂammatory cytokines are potent
in vitro stimulators of intestinal mucosal effector functions
including T cell and macrophage proliferation, adhesion
molecule expression, chemokine expression, and secretion
of other proinflammatory cytokines.

Th17 cells and the differentiation
regulation
CD4 + T cells play an important role in the initiation
of immune responses by providing help to other cells
and by taking on a variety of effector functions during
immune reactions. Upon antigenic stimulation, naive
CD4+ T cells are activated, expand and differentiate into
different effector subsets such as Th1 and Th2 cells
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characteristic of the production of distinct cytokines
and effector functions[4,5]. Th1 cells produce IFN-γ and
lymphotoxin and can mobilize the cellular arm of the
immune system to combat intracellular pathogens. Th2
cells secrete IL-4, IL-13, and IL-25, which are essential
for the generation of appropriate classes of antibodies
and for the elimination of extracellular pathogens[4,5].
The identification of the IL-17 family of cytokines as
well as the IL-23-mediated expansion of IL-17-producing
T cells uncovered a new subset of Th cells, designated as
Th17 cells[6,7]. Th17 cells require specific cytokines and
transcription factors for their differentiation. Although
the function of this cell subtype is not completely
elucidated, emerging data suggest that Th17 cells may
play an important role in host defense against extracellular
pathogens, which are not efficiently cleared by Th1-type
and Th2-type immunity. The first pathogen implicated in
a Th17 response was observed in human Lyme arthritis
caused by Borrelia burgdorferi, in which B. burgdorferi-derived
lipopeptides could stimulate the production of IL-17A
by T cells from synovial fluid, leading to a Th17 lineage
differentiation[8]. Previous work has demonstrated that
Th17 cells with specificity for self-antigens lead to severe
autoimmunity in various animal models. In the murine
model of psoriasis, evidence has shown that Th17 cells
along with their upstream cytokines (e.g. IL-23) and their
downstream effector cytokines (e.g. IL-22) might play a
critical role in the pathogenesis of psoriasis[9,10]. Moreover,
increased levels of IL-17 produced by Th17 cells have
been observed in murine models of rheumatoid arthritis
and correlate with more severe joint damage[11].
The IL-17 cytokine family is a recently discovered
group of cytokines, which includes six members, IL17A, IL-17B, IL-17C, IL-17D, IL-17E (or IL-25) and IL17F, and act in vitro and in vivo as potent proinflammatory
cytokines [6] . IL-17 can induce the expression of
proinflammatory cytokines (such as IL-6 and TNF),
chemokines (such as KC, MCP-1 and MIP-2) and matrix
metalloproteases, which mediate tissue infiltration and
tissue destruction[12]. It is also involved in the proliferation,
maturation and chemotaxis of neutrophils [13] . In
agreement with this point, mice deficient in the IL-17
receptor (IL-17R) are more sensitive to lung bacterial
infection because of reduced recruitment of neutrophils
to the lung [14]. In contrast, overproduction of IL-17
in the lungs leads to chemokine expression and tissue
inflammation infiltrated by large amounts of leukocytes[15].
Moreover, IL-17 is able to costimulate T cells and enhance
the maturation of dendritic cells[16]. Taken together, these
data indicate that IL-17 has pleiotropic activities, functions
through the adaptive and innate immune system to
promote immune response, and plays an important role in
immune responses.
Several cytokines have been reported to be associated
with the development and/or proliferation of Th17 cells.
Neutralization of IFN-γ and IFN-α in vitro increases the
number of IL-17-producing cells generated by IL-23
stimulation. The number of Th17 cells is further increased
by the addition of an IL-4-neutralizing antibody, indicating
that IL-4 and IFN- γ could inhibit the IL-23-driven
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expansion of Th17 cells[17]. IL-2, a cytokine important
for growth and survival of Th1 and Th2 subsets, is also
involved in the long-term expansion and survival of Th17
cells, since restimulation of differentiated Th17 cells with
IL-2 could abolish IL-17 production and induce IFN-γ
production[18]. In addition, the differentiation of Th17
cells might also require costimulatory signals distinct from
those involved in the differentiation of Th1 and Th2 cells.
These studies of the costimulatory requirements of Th17
cells were undertaken to determine which costimulatory
molecules are important for IL-6- and TGF-β-mediated
differentiation of Th17 cells. However, recent work has
also demonstrated that Th1-derived IFN-γ could trigger
antigen-presenting cells to produce IL-23 and then induce
memory Th17 cell expansion in a B7-H1-independent
manner[19]. These data indicate that this complex differ
entiation of Th17 cells may be dependent on various
cytokine milieu.
IL-23 is a heterodimeric protein, which is a member
of the IL-12 family of cytokines. It is composed of a
p19 subunit in addition to a p40 subunit, which is also
a component of IL-12[20]. IL-23 functions through the
receptor-signaling complex, which is composed of its
distinct receptor (namely IL-23R) and IL-12R β 1 [21].
Because IL-23 and IL-12 share a common p40 subunit
and IL-12Rβ1, IL-23 may function like IL-12 to trigger
Th1 response. However, p19-deficient mice could
contribute to nor mal Th1 response but could not
promote the production of IL-17 cells[22]. Other work
has demonstrated that Th17 cells are absent in IL-23-/mice, and could not be amplified and survive albeit in
the presence of normal Th17 cells in vivo [23]. Studies
have shown that IL-23R is not expressed on naïve T
cells, therefore IL-23 could not induce naïve T cells to
differentiate into Th17 cells, but could promote Th17
cells amplification[24]. These data imply that IL-23 could
provide survival signaling to induce the differentiation of
Th17 cells. Recently, increasing evidence has shown that
IL-1β and IL-23 are required for the generation of Th17
cells and differentiation[23]. Naive T cells stimulated with
TGF-β plus IL-6 could secrete large amounts of IL-17,
whereas IL-23 could trigger the proliferation of Th17
cells from activated memory T cells, only the combination
of IL-6 plus TGF-β is sufficient to induce differentiation
of Th17 cells from naive T cells[25]. Moreover, IL-1β and
TNF could increase the number of Th17 cells generated
in vitro in the presence of IL-6 plus TGF-β[26]. These data
suggest that an inflammatory milieu could regulate the
expression of IL-23R on Th17 cells and thereby allow
IL-23 to sustain and strengthen the Th17 phenotype.
IL-27 is another IL-12 family member and has been
found to downregulate Th17 cell development[27,28]. IL-27
is a heterodimeric cytokine composed of Epstein-Barr
virus-induced gene 3 (EBI-3) and p28 chains. Activation
of T cells in the presence of IL-27 induces T-bet, a
transcription factor critical for the differentiation of
naive CD4+ T cells into Th1 cells. However, IL-27Rdeficient mice develop severe immunopathology resulting
from a general dysregulation of effector T cell responses
not restricted to any particular Th cell subtype [29,30].
The absence of IL-27-mediated signaling exacerbates
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neuroinflammation, enhances the generation of Th17
cells and increases the number of IL-17-expressing T
cells in inflamed tissue. The transcription of the two
subunits of IL-27 is differentially regulated, leading to the
immunosuppressive effects of IL-27. EBI-3 is strongly
induced by Toll-like receptors (TLRs) and the stimulation
of TLR results in the binding of NF-κB complexes to
a promoter region of the EBI-3 gene, while activation
of TRIF downstream of TLR3 or TLR4 is critical in
the induction of p28[28]. IL-27, independently of IFNγR and IL-6R signaling, can inhibit the differentiation of
Th17 cells triggered by IL-6 and TGF-β. Previous work
has demonstrated that T-bet and the suppressor protein
SOCS3 are not involved in the IL-27-mediated inhibition
of Th17 cells, but that the transcription factor STAT1
seems to be required for the suppressive effect of IL-27
on the development of Th17 cells[27,28].
ROR γ t, an orphan nuclear hormone receptor, is
expressed by fetal lymphocyte tissue-inducer cells and
participates in the formation of lymph nodes and Peyer’s
patches, intestinal lymphocyte tissue-inducer-like cells
and immature thymocytes [31]. Interestingly, ROR γ t is
also found to be expressed by differentiated Th17 cells
and IL-17-producing T cells present in the intestinal
lamina propria (LP). Consistent with this, Th17 cells are
observed to be absent in RORγt-deficient mice, whereas
transduction of naive T cells with a RORγt-encoding
retrovirus could induce IL-17 production. These data
indicate the importance of RORγt in the differentiation
of Th17 cells[32]. In addition, a recent study has observed
that ROR γ t-deficiency could not abolish Th17 cell
generation and that Th17 cells also express high levels of
another related nuclear receptor RORα[33]. Importantly,
RORα deficiency results in reduced IL-17 expression,
while coexpression of RORα and RORγ synergistically
leads to Th17 cell differentiation. Thus, these data
indicate that Th17 differentiation is directed by two
lineage-specific nuclear receptors, RORα and RORγ[33].

Pathogenic role of Th17 cells in
IBD
It was widely believed that the chronic intestinal inflam
mation characteristic of human IBD is the consequence
of pathogenic Th1 CD4 + cell responses against the
luminal flora, especially in CD, which in turn is driven by
proinflammatory cytokines such as IL-12 and TNF[1-3].
Animal models of IBD support this hypothesis as
intestinal inflammation could be blocked by treatment
with monoclonal antibodies specific for IL-12 or
TNF[34,35]. In recent years, studies on the Th17 cell subset
has highlighted our understanding of the formation of
human inflammatory diseases, which helps us to explain
some of Th1/Th2 balance of abnormal phenomena,
particularly in human IBD.
Evidence has shown that high numbers of CD4+
Th17 cells are found in the colonic LP of the ileum and
colon but not the duodenum, jejunum, mesenteric lymph
nodes or spleen in conventionally-raised mice, and that
these cells are highly infiltrated in inflamed areas of colitic
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mice[36,37]. Further analysis confirmed that commensal
gut flora contribute to the expansion of these CD4 +
Th17 cells, leading to intestinal mucosal inflammation.
In terms of mucosal immunity, the IL-23/IL-17 axis
has been observed to play an important role in normal
intestinal homeostasis, although the precise actions of
these cytokines in the gut remain to be fully delineated.
To date, IL-17 and other Th17-associated cytokines (e.g.
IL-22, IL-23) have been found to have protective effects
or pathogenic effects dependent on other effective factors
in local tissue. Previous study has demonstrated that IL-23
is mainly expressed by LP dendritic cells in the terminal
ileum of normal mice and the frequency of Th17 cells in
the intestinal LP is markedly higher than their frequency
in peripheral lymphoid tissues[38]. Evidence has shown
that IL-23 may have important immune protective effects
in the gut and that IL-23 -/-mice exhibited enhanced
susceptibility and mortality following infection with
the intestinal bacterial pathogen Citrobacter rodentium[38].
Interestingly, C. rodentium-infected IL-23 -/- mice still
generate potent mucosal Th17 responses, suggesting that
IL-23-mediated protective responses need not necessarily
involve IL-17 production[25]. Similarly, although studies
in various murine colitis models have implied that IL-23driven intestinal pathology is associated with increased
IL-17 production, a plethora of other inﬂammatory
cytokines have also been found to be elevated in the
inflamed colon, including IL-1β, IL-6, IFN-γ and TNF[39].
In many of the T cell-dependent IBD murine models,
Th1 cells clearly predominated in inﬂamed mucosa and
inhibition of Th1 responses could attenuate disease[1-3].
Moreover, the observations that IL-23 also drives chronic
colitis mediated by cells of the innate immune system are
also consistent with the hypothesis that IL-23-mediated
intestinal inﬂammation need not necessarily involve Th17
cells[39,40].
IL-17 mRNA has been found to be highly expressed
in inflamed mucosa from both UC and CD patients, and
immunohistochemistry revealed that CD68-positive cells
express IL-17[41]. Recent work[42] has also demonstrated
that most of the transcripts for Th17-related cytokines
were increased in both UC and CD compared to normal
controls, but more abundant in UC than in CD. In
contrast, up-regulation of IFN-γ mRNA was marked in
CD LP CD4+ T cells. Up-regulation of IL-23p19 mRNA
was detected in colonic mucosa from both UC and CD
patients. The significance of Th17 immunity in UC was
further supported by the finding that recombinant IL-23
actually enhanced IL-17 production by LP CD4+ T cells
in UC, but had a lesser effect on LP CD4+ T cells in CD.
Since the Th1 pathway has been reported to antagonize
the Th17 pathway via various mechanisms, IFN- γ or
IL-12 could actually suppress IL-17 production by human
LP CD4+ T cells. Therefore, we can hypothesize that
excess IFN-γ production by Th1 cells in CD patients may
negatively affect the IL-17 production by Th17 cells in CD,
despite the fact that Th17 cells are present in CD mucosa.
A previous report has shown that IL-23 can enhance
IFN-γ production by LPMCs from CD patients and that
the mucosal IL-23p19 expression levels were correlated
with IL-17 in UC and IFN- γ in CD [43]. These results
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suggest that IL-23 may enhance the production of
distinct cytokines between UC and CD patients, thereby
contributing to the local Th1/Th17 balance in IBD.
Additionally, IL-21, belonging to the IL-2 family, has been
described to play an important part in the differentiation
and maintenance of Th17 cells[44,45]. Comparing the Th1,
Th2, and Th17 subsets, the largest amounts of IL-21 are
produced by Th17 cells. IL-21 produced by differentiating
Th17 cells may act in a positive feedback loop, which
amplifies the precursor frequency of Th17 cells [44,45].
Recently, our study found that IL-21 facilitated IBD
CD4+ T cells to differentiate into Th17 cells, characterized
by increased expression of IL-17A and RORγt. Thus,
we proposed that IL-21 might be involved in the
pathogenesis of IBD and blockage of IL-21R signaling
may have therapeutic potential in IBD[46].
The exact role of IL-17 and Th17 cells in intestinal
pathology and homeostasis is currently not well under
stood. IL-17 may have some protective functions in
the epithelial layer, as it has been shown to fortify tight
junction formation between epithelial cells in vitro[47], and
treatment of mice with anti-IL-17 neutralizing antibody
actually enhanced the severity of colitis induced by
administration of dextran sodium sulphate[48]. In contrast,
a recent study comparing the ability of Th1 and Th17
cells to induce colitis in mice has proven that Th17
cells are significantly more pathogenic than their Th1
counterparts[49].
So far, there have been few studies that have employed
selective blockade of IL-17 during intestinal inﬂammation.
However, in IL-10 -/- mice, treatment with anti-IL-17
speciﬁc antibody had little impact on colitis unless antiIL-6 antibody was also co-administered[48], suggesting that
IL-17 may synergize with other inﬂammatory mediators
in the gut. Recent studies have highlighted further
potential heterogeneity within Th17 cell populations by
demonstrating that some may even secrete IL-10[50], a
factor known to inhibit intestinal inﬂammation. Thus,
it is possible that the actions of Th17 cells may differ
dependently on other factors that may be present in the
local environment. In the normal intestine, the primary
function of Th17 cells may be like sentinels which
contribute to maintaining epithelial barrier function,
whereas in sites of chronic intestinal inflammation, high
levels of IL-23 may activate their full pathogenic and antibacterial functions.
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CONCLUSION
Through the potential role of Th17 cells in IBD animal
models of chronic intestinal inflammation as well as in
human IBD, target therapy directed against the Th17/
IL-17 axis may have a therapeutic role in the treatment
of intestinal mucosal inflammation. However, the
precise mechanisms of the Th17/IL-17 axis in intestinal
homeostasis should be further elucidated in murine
models and human IBD patients.
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Abstract
AIM: To study the role of advanced glycation end
products (AGE) and their specific receptor (RAGE) in
the pathogenesis of liver fibrogenesis.
METHODS: In vitro RAGE expression and extracellular
matrix-related gene expression in both rat and human
hepatic stellate cells (HSC) were measured after
stimulation with the two RAGE ligands, advanced
glycation end product-bovine serum albumin (AGEBSA) and N ε-(carboxymethyl) lysine (CML)-BSA, or
with tumor necrosis factor-α (TNF-α). In vivo RAGE
expression was examined in models of hepatic fibrosis
induced by bile duct ligation or thioacetamide. The
effects of AGE-BSA and CML-BSA on HSC proliferation,
signal transduction and profibrogenic gene expression
were studied in vitro .
RESULTS: In hepatic fibrosis, RAGE expression was
enhanced in activated HSC, and also in endothelial
cells, inflammatory cells and activated bile duct
epithelia. HSC expressed RAGE which was upregulated
after stimulation with AGE-BSA, CML-BSA, and TNF-α.

RAGE stimulation with AGE-BSA and CML-BSA did
not alter HSC proliferation, apoptosis, fibrogenic
signal transduction and fibrosis- or fibrolysis-related
gene expression, except for marginal upregulation of
procollagen α1(Ⅰ) mRNA by AGE-BSA.
CONCLUSION: Despite upregulation of RAGE in
activated HSC, RAGE stimulation by AGE does not alter
their fibrogenic activation. Therefore, RAGE does not
contribute directly to hepatic fibrogenesis.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Advanced glycation end products (AGE) are formed
in vitro and in vivo from non-enzymatic glycation of the
amino groups of proteins with reducing sugars such as
glucose. Although serum levels of AGE are usually low
due to constant turnover, they can be detected in vivo
once levels of reducing sugars are elevated, as occurs in
diabetes[1]. Thus, glycated hemoglobin in the serum of
diabetic patients was the first described physiologically
relevant AGE[2]. Interest in AGE has increased since
several studies suggested that AGE may be responsible
for pathological features associated with diabetes.
For example, in endothelial cells, AGE were shown
to increase the expression of pro-coagulant activity,
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induce expression of vascular cell adhesion molecule-1,
and promote nuclear translocation of nuclear factor-κB
(NF-κB). In mononuclear phagocytes, AGE induce the
production of platelet-derived growth factor, increase
migration, and drive NF-κB activation[3,4].
AGE interact with several receptors, such as the
receptor for advanced glycation end products (RAGE),
80K-H phosphoprotein, galectin-3, lactoferrin, scavenger
receptors such as SRA or SRB I, and CD36[5,6]. RAGE,
a member of the immunoglobulin superfamily of cell
surface receptors, is expressed in a variety of tissues and
interacts with several AGE ligands, especially with Nε(carboxymethyl) lysine (CML)[4].
However, while a role for RAGE in the progression
of diabetic vasculopathy and kidney failure has been
established[7-9], its role in hepatic fibrosis is poorly under
stood. This is important due to the emerging epidemic
of nonalcoholic steatohepatitis (NASH) related to
obesity and the metabolic syndrome, conditions that are
associated with increased AGE and RAGE and hepatic
fibrosis[10-12]. RAGE expression has been described in
inflammatory cells[13] and in activated hepatic stellate
cells (HSCs)[14], the major fibrogenic effector cells that
can undergo activation to myofibroblasts producing
the excess extracellular matrix in hepatic fibrosis [15].
Many features of this activation process are mimicked
by spontaneously occurring activation on tissue culture
plastic in vitro[16,17]. While certain cytokines, growth factors
and culture conditions and, as recently demonstrated,
AGE[18], can modulate HSC activation and extracellular
matrix (ECM) synthesis, the functional contribution of
AGE and RAGE expression to fibrogenic activation of
HSC and to hepatic fibrosis remains to be elucidated.
We have therefore studied whether physiological
AGE concentrations occur in the serum of patients
with diabetes[1,19], and whether AGE-RAGE interactions
are involved in the progression of liver fibrosis. To this
end we investigated RAGE expression in HSC in vitro,
and in normal and cirrhotic livers in vivo. Furthermore,
the effects of AGE and the key proinflammatory cyto
kine tumor necrosis factor (TNF)-α on HSC RAGE
expression and on the proliferation, kinase activation
and profibrogenic and fibrolytic gene expression of
HSC were determined.

MATERIALS AND METHODS
Synthesis of AGE and CML-modified BSA
For preparation of AGE-modified bovine serum albumin
(BSA), 0.6 mmol/L BSA and 0.16 mmol/L D-glucose
were dissolved in 20 mL PBS, sterile filtered, incubated
for 60 d at 37℃ and dialyzed against PBS under sterile
conditions to remove unreacted D-glucose. Control BSA
was incubated in parallel in the absence of D-glucose.
Preparation of CML-modified BSA was carried out as
previously described[20].
Glycation of AGE-BSA and CML-BSA was deter
mined using the 2,4,6-trinitrobenzenesulfonic acid (TNBS)
assay[21], resulting in a 45.6% and 36.5% glycation of lysines
for AGE-BSA and CML-BSA, respectively.
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After endotoxin removal with the Detoxi-Gel™
(Pierce, Rockford, IL), the final endotoxin concentration
determined with the E-toxate® endotoxin detection kit
(Sigma, Taufkirchen, Germany) was below 0.04 and
0.02 ng/mL for AGE-BSA and CML-BSA, respectively.
Cell lines
Cell lines were cultured as previously published[20]. The
fully activated rat HSC line HSC-T6 (kind donation of
Dr. SL Friedman, NY)[22], the moderately activated rat
HSC line CFSC-2G (kindly provided by Dr. M Rojkind,
Washington, D.C.)[23] and human HSC of passage 3 to
5 (kind gift of Dr. M Pinzani, Florence, Italy)[24] were
maintained as previously described (references see below).
Cell culture and animal experimentation: Animals
were treated according to the Council of International
Organizations of Medical Sciences for the Care and Use
of Laboratory Animals in Research. The experimental
protocol was approved by the Animal Care Committee
of the University of Erlangen-Nuremberg.
Isolation of rat primary hepatocytes: Hepatocytes
were freshly isolated from male Wistar rats (190-200 g,
Charles River, Sulzfeld, Germany) according to a modified
two-step collagenase perfusion method[25] as previously
described in detail[26]. Experiments were performed 6 h
after plating with cell viabilities ≥ 85% as determined by
Trypan Blue exclusion.
Isolation of rat primary hepatic stellate cells: HSC
were isolated from male Wistar rats (retired breeders,
400-500 g) as described [27]. Cell viability was usually
between 95%-98%. The purity of HSC was confirmed
by their stellate shape, and autofluorescence of the
cytoplasmic lipid-droplets at 390 nm. Freshly isolated HSC
were activated by culture on plastic in the presence of 10%
fetal calf serum (FCS) for 1, 5, and 10 d prior to lysis and
RNA extraction. HSC plated for 1 d were designated as
quiescent, those cultured for 5 and 10 d as partially and
fully activated, respectively.
Experimental liver fibrosis: Experimental liver fibrosis
was induced in groups of four adult male Wistar rats
weighing about 400 g as follows: (1) bile duct ligation (BDL)
for 6 wk, (2) thioacetamide (TAA) treatment, 200 mg/g
body weight thrice weekly for 12 wk, as previously
published[27]. Sham-operated rats served as controls. After
sacrifice of all animals, pieces of the right and left liver
lobes were removed, fixed in 4% formalin and paraffin
embedded, or snap frozen in liquid nitrogen for further
analysis.
For RNA analysis 150-200 mg of tissue were homo
genized in 1 mL RNAPure for 30 s and an aliquot
representing 10 mg of tissue was mixed with 900 µL
fresh RNAPure. Morphology of connective tissue was
evaluated with hematoxylin-eosin and Sirius Red staining.
Immunohistochemistry: For immunohistochemical
analysis specimens from two different liver segments were
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studied. Sequential deparaffinized sections were blocked
with avidin and biotin. After antigen retrieval in a decloaking
chamber for 30 s at 120℃ in Target Retrieval Solution,
pH 6.0 (Dako), sections were incubated overnight at room
temperature with monoclonal antibodies to RAGE (1:30,
kindly provided by Dr. B Weigle (Dresden, Germany),
CD3 (1:10, Serotec MCA 772), CD45 (1:50, Serotec MCA
43R), CD68 (1:30, Serotec MCA 341R), and α-smooth
muscle actin (SMA) (1:30, DAKO M 0851), followed by
biotinylated horse anti-mouse IgG and streptavidin-biotin
alkaline phosphatase[28]. Sections were developed using Fast
Red and nuclei counterstained with hematoxylin. RAGE was
additionally detected with the catalyzed signal amplification
system as previously described[29,20]. For double staining,
the slides were treated with a Double Staining Enhancer
(Zytomed 50-056) for 30 min before application of the
secondary antibody. RAGE-antibody was first applied,
followed by the other antibodies developed with Fast Red
(RAGE) and with Fast Blue. The co-expressions of RAGE
and of CD3, CD68 and of α-SMA inside the liver (portal
and lobular areas) were counted in ten randomly selected
high-power fields (400 × magnification) using ImageAccess
Enterprise 5 software (Imagic Bildverarbeitung, Glattbrugg,
Switzerland). The number of immunohistochemically
positive cells are given as the percentage of all cells (RAGE)
and the respective cell population (CD3, CD68 and of
α-SMA) in the studied areas.
SDS-PAGE and Western blotting
Preconfluent (80%) HSC lines, HSC-T6 and CFSC-2G,
were seeded at 20 000 cells per well in 24-well plates,
washed and incubated with 10-100 µg/mL BSA, AGEBSA, or CML-BSA, or with 0-10 ng/mL TNF-α (Sigma)
in serum-free medium. Protein extraction and Western
blotting were performed as previously described[20].
Quantitative real time PCR
Total RNA was isolated using peqGOLD RNApure
reagent (PeqLab Biotechnologie, Erlangen, Germany) and
reverse transcribed, followed by real time RT-PCR using
a LightCycler instrument (Roche, Mannheim, Germany),
as described in detail elsewhere[27,30,31], and the TaqMan
principle[32]. Results were normalized to glyceraldehyde-3phosphate dehydrogenase (GAPDH) or β2-microglobulin
amplified in a parallel reaction. The specific sense and
antisense oligonucleotide primers and probes have been
published[31,20].
Cell proliferation
Cell proliferation of CFSC-2G and HSC-T6 cells was
determined using BrdU incorporation according to the
manufacturer’s protocol (Roche, Manheim, Germany) as
recently described[33].
Determination of p44/42 and p38 MAPK activity
These enzyme activities were determined as previously
described[27] using Western Blotting with antibodies to
phosphorylated and total ERK1/2 MAPK (Thr202/
Tyr204, 1:2000) and anti-phospho-p38 MAPK (Thr180/
Tyr182, 1:1000) (from Cell Signaling Technolog y,

Frankfurt, Germany). Phospho-specific signals were
normalized to unphosphorylated kinase signals.
Statistical analysis
Statistical analysis was performed with SPSS v. 16.0 (SPSS
GmbH Software, Munich, Germany). Student’s t test
and univariate ANOVA (analysis of variance) was used
to test for differences between two and more groups, respectively (P < 0.05 was significant). All graphs represent
the mean ± SD and were performed at least in triplicate.

Results
Expression of RAGE by hepatic stellate cells
Freshly isolated rat HSC, and the rat HSC lines HSC-T6
and CFSC-2G, as well as human HSC, expressed signifi
cant RAGE transcripts and protein (Figure 1A and B).
During culture, activation of freshly isolated rat HSC
RAGE transcripts was upregulated 1.6- and 3.8-fold,
respectively, on days 5 and 10 of primary culture
(Figure 1C). Culture activation of HSC was associated
with highly increased expression of procollagen-α1(Ⅰ)
and α-SMA mRNA which were upregulated > 100-fold
and > 50-fold after 5 and 10 d of activation (data not
shown).
Upregulation of RAGE mRNA in rat models of cirrhosis
In cirrhotic livers of rats subjected to BDL, RAGE
transcripts were upregulated 4-fold as compared to healthy
controls (P < 0.01), whereas in thioacetamide (TAA)induced cirrhosis RAGE mRNA expression remained
unchanged. Fibrosis-related transcripts such as α-SMA,
procollagen-α1(Ⅰ), matrix metalloproteinase (MMP)-13,
and tissue inhibitor of metalloproteinase (TIMP)-1
mRNA were highly upregulated in both fibrosis models
(Table 1).
Immunohistochemistry of normal livers showed a
significantly lower expression of RAGE protein compared
to the fibrotic/cirrhotic livers (P < 0.001, Table 2
and Figure 2A), with predominant expression in portal
vein and arterial endothelial cells and sparse expression
in lymphocytes and myofibroblasts in the hepatic lobule.
Hepatocytes did not express RAGE. In BDL livers RAGE
protein was highly expressed in bile duct proliferating
epithelia, in periductular α-SMA positive myofibroblasts
and in inflammatory cells that were identified as CD3positive T-lymphocytes and CD68-positive macrophages
by use of double staining immunohistochemistry (Table 2,
Figure 2A and B). In TAA cirrhosis the number of
RAGE-expressing cells was less pronounced than in
biliary cirrhosis, in concert with lower RAGE gene
expression and fewer inflammatory cell infiltrates,
being primarily expressed by macrophages, as opposed
to mostly T-lymphocytes and proliferating bile duct
epithelia in BDL-cirrhosis (Table 2 and Figure 2B). Only
a few α-SMA- and RAGE-positive myofibroblasts were
detected in portal areas and septa of both models. The
expression of RAGE by endothelial cells in the cirrhotic
livers was slightly enhanced in areas of neo-capillarization
compared to normal controls (Figure 2A).
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Table 2 Cell-specific expression of RAGE as determined by
immunohistochemistry
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RAGE, α-SMA, procollagen-α1(Ⅰ), MMP-13, and TIMP-1 transcript
levels relative to β2-microglobulin ± SD of four animals per group. Data
are expressed as n-fold increase compared to sham-operated and normal
rats, respectively. aP < 0.05, bP < 0.01, dP < 0.001 vs normal controls.
RAGE: Receptor for advanced glycation end products; ECM: Extracellular
matrix; BDL: Bile duct ligation; TAA: Thioacetamide; SMA: Smooth
muscle actin; MMP: Matrix metalloproteinase; TIMP: Tissue inhibitor of
metalloproteinase.
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Table 1 Expression of RAGE and ECM-related genes in rats
cirrhotic due to BDL and TAA treatment

40

0

C

December 14, 2009
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Figure 1 RAGE expression in hepatic stellate cells (A, B) and upregulation
of RAGE expression during activation of HSC (C). A: Bars represent RAGE
mRNA expression, as determined by real time quantitative PCR relative to
GAPDH mRNA, by freshly isolated rat hepatocytes (Hep), 10 d culture-activated
primary rat HSC, CFSC-2G and HSC-T6 HSC lines, and human HSC; B: RAGE
protein is detected as a 57 kDa band after SDS-PAGE of cell lysates and
Western blotting with a monoclonal anti-RAGE IgG. Experiments were repeated
at least three times with similar results; C: Freshly isolated rat HSC were
culture-activated for 1, 5, and 10 d and RAGE mRNA expression was quantified
by real-time PCR. Bars represent mean RAGE expression ± SD in arbitrary
units relative to GAPDH from at least three individual experiments. Values were
normalized to 50 ng of extracted RNA transcribed into cDNA. bP < 0.01 vs 1 d
activation. RAGE: Receptor for advanced glycation end products; HSC: Hepatic
stellate cells; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Regulation of RAGE expression in HSC: induction by
AGE and TNF-α
Incubation of CFSC-2G and HSC-T6 HSC with
50 µg/mL AGE-BSA significantly (P < 0.001) upregulated
RAGE protein expression by 2-3 fold (Figure 3A).
While CFSC-2G cells were more sensitive to AGE-BSA,
the highest concentration, 100 µg/mL, was not effective
in either cell line. Addition of 50 µ g/mL CML-BSA
increased RAGE protein expression about 2 fold in both
cell lines (P < 0.05) (Figure 3B).
Similarly, TNF-α upregulated RAGE protein expres
sion significantly (P < 0.01) in both CFSC-2G and HSC-T6
HSC (Figure 3C). Again, a greater RAGE induction was

RAGE

CD3

CD68

a-SMA

2.8 ± 0.71
1.0 ± 0.7

3.3 ± 0.7
1.5 ± 0.6

0.3 ± 0.5
0.7 ± 0.6

0.8 ± 0.72
0.2 ± 0.4

11.1 ± 1.53
8.1 ± 1.7

13.8 ± 1.2
13.2 ± 1.9

15.2 ± 1.7
13.8 ± 1.6

8.1 ± 1.24
4.8 ± 1.0

7.3 ± 1.9
5.7 ± 1.0

8.4 ± 1.1
6.6 ± 1.1

8.5 ± 1.1
6.0 ± 1.1

6.8 ± 1.25
1.9 ± 0.7

Quantitative analysis of the immunohistochemical co-expression of
RAGE with CD3, CD68 and α-SMA in normal controls and livers
with cirrhosis due to BDL or TAA-intoxication using double staining
immunohistochemistry and image analysis. Mean of cells [%] (± SD) per
10 high power fields. Quantitative assessment as described in material
and methods. 1Mainly endothelial cells in the portal areas; 2Vascular
smooth muscle cells, subset of activated HSC; 3Focally highly expressed by
proliferating bile duct epithelia; 4Mainly around proliferating bile ducts;
5
Mainly at the portal interface and septa. P: Portal; L: Lobular.

observed in CFSC-2G cells, where 0.1 ng/mL TNF-α
resulted in a nearly 3-fold (P < 0.001) upregulation of RAGE
expression.
AGE do not modulate extracellular matrix-related gene
expression in HSC
Incubation of CFSC-2G HSC with 50 g/mL AGE-BSA
or CML-BSA did not significantly modify transcript
levels of transforming growth factor (TGF)-β1, α-SMA,
and MMP-13, or RAGE itself, except for a marginal
(23%, P < 0.05) but reproducible upregulation of
procollagen- α 1(Ⅰ) mRNA by AGE-BSA (Table 3).
These results could be confirmed in HSC-T6 and human
HSC (data not shown).
AGE do not modify hepatic stellate cell proliferation or
p42/44 and p38 MAPK activation
CFSC-2G and HSC-T6 cells were exposed to 11000 µg/mL AGE-BSA for 24 h, and DNA synthesis
was assessed by BrdU incorporation. As opposed to the
mitogen FCS, AGE-BSA did not induce DNA synthesis
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Figure 2 Cell-specific expression patterns of RAGE in normal and cirrhotic rat livers. A: Portal and lobular expression patterns of RAGE in normal liver and in
livers of rats with cirrhosis due to BDL or TAA treatment (magnification, × 200). Parallel sections were stained for collagen with picrosirius red. In normal liver, minor RAGE
expression was found in endothelial cells of portal veins and arteries, in bile duct epithelia as well as in lymphocytes, macrophages and (myo-) fibroblasts in the hepatic
lobular areas. No RAGE expression was found in hepatocytes. RAGE was clearly upregulated in cirrhosis induced by BDL and TAA, with higher numbers of RAGEexpressing cells in BDL, mainly attributable to a prominent contribution by proliferating bile duct epithelial cells. In areas of lobular fibrosis, perisinusoidal endothelia started
to express RAGE, apparently in parallel with sinusoidal capillarization; B: Double labeling immunohistochemistry for RAGE (in red) in combination with CD3 (T-lymphocytes),
CD68 (macrophages), and α-SMA (myofibroblasts) (in blue), magnification × 400 being exemplarily highlighted with insets (magnification, × 1000). In both cirrhosis
models, mainly CD3-positive T-lymphocytes and CD68-positive macrophages expressed RAGE, independently of their microanatomic locations (portal, interface, septal or
intrahepatic). Additionally, RAGE was more colocalized with macrophages than with T-lymphocytes independent of the cirrhosis model. RAGE expression was also found
on α-SMA-positive myofibroblasts, either localized around periportal bile duct proliferations in BDL or in the interface and septal area in TAA-induced cirrhosis (co-localization
indicated by arrows). BDL: Bile duct ligation; TAA: Thioacetamide; SMA: Smooth muscle actin; ECM: Extracellular matrix.
www.wjgnet.com

5794

A

ISSN 1007-9327

CN 14-1219/R

4

CFSC-2G
HSC-T6

d
RAGE/b-actin

World J Gastroenterol

3
d

a

2

0

BSA

10

50

RAGE
TGF-β1
Procollagen-α1(Ⅰ)
α-SMA
MMP-13

100

AGE-BSA (µg/mL)
a

3

CFSC-2G
HSC-T6

A

AGE-BSA

CML-BSA

1.20 ± 0.11
1.12 ± 0.21
1.23 ± 0.06a
1.20 ± 0.20
1.09 ± 0.14

1.26 ± 0.07
0.99 ± 0.07
1.12 ± 0.19
1.16 ± 0.04
0.97 ± 0.09

1.2

1

BSA

10

50

100

a

0.6
0.4
0.2

CFSC-2G
HSC-T6

b

d

0.8

0.0

d

3

b

0

0.25 0.5

1.4

Extinction
0

0.1
1
TNF-a (ng/mL)

1

10    100 1000

AGE-BSA (µg/mL)

1     10

100 1000

BSA (µg/mL)

HSC-T6

d

1.2
1

10

FCS (%)

B

2

0

CFSC-2G

d

1.0

CML-BSA (µg/mL)

RAGE/b-actin

BSA
1.00 ± 0.14
1.00 ± 0.06
1.00 ± 0.08
1.00 ± 0.14
1.00 ± 0.05

2

0

C

Number 46

CFSC-2G HSC were incubated with 50 µg/mL BSA, AGE-BSA, or CMLBSA for 24 h. RAGE, TGF-β1, procollagen-α1(Ⅰ), α-SMA, and MMP-13
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Table 3 Expression of RAGE and ECM-related genes after
incubation of HSC with AGE
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Figure 3 Advanced glycation end product-bovine serum albumin (AGEBSA) (A), Ne-(carboxymethyl) lysine (CML)-BSA (B) and tumor necrosis
factor (TNF)-α (C) upregulate RAGE protein expression in hepatic stellate
cells. Mean RAGE protein expression as determined by quantitative Western
blotting from extracts of rat HSC lines relative to β-actin. Cells were incubated
for 24 h and results are derived from at least three independent experiments
and expressed as mean ± SD. Data are shown as x-fold increase compared to
cells incubated with BSA alone. aP < 0.05, bP < 0.01, dP < 0.001 vs BSA.

in these cells (Figure 4). In addition, cell numbers
remained unchanged after addition of AGE-BSA (data
not shown). In line with the proliferation data, AGE-BSA
did not induce p44/42 (Figure 5A) or p38 (Figure 5B)
MAPK activation when compared to 10% FCS as positive
control.

DISCUSSION
Our findings show that RAGE, a prominent receptor for
AGE, is expressed in hepatic stellate cells (HSC) derived
from various species. Our data are in line with previous
studies showing the RAGE upregulation in single
culture-activated HSC either of rat or human origin[14,18].

0 0.125 0.25 10
FCS (%)

1

10    100 1000

AGE-BSA (µg/mL)

1     10

100 1000

BSA (µg/mL)

Figure 4 AGE do not stimulate DNA synthesis in hepatic stellate cells.
DNA synthesis as a surrogate of proliferation was determined in CFSC-2G (A)
and HSC-T6 (B) HSC after a 24 h incubation with increasing concentrations of
FCS, AGE-BSA or CML-BSA in 0% FCS. Data are results of six independent
experiments and expressed as mean ± SD. aP < 0.05, dP < 0.001 vs 0% FCS.

Using different experimental hepatic fibrosis models in
rats we found that transcript levels of RAGE correlate
well with RAGE protein expression in agreement with
our immunohistochemical co-localization studies.
Compared with earlier studies of RAGE expression
in other organs[4], we could detect RAGE not only in
myofibroblasts (HSC) and endothelial cells, but also
in lymphocytes, macrophages/small Kupffer cells and
proliferating bile duct epithelial cells. These results are
in contrast to prior studies that either identified RAGE
expression in bovine hepatocytes in vivo[34], or exclusively
in HSC and myofibroblasts, but not in hepatocytes,
sinusoidal endothelial or Kupffer cells[14]. The reasons
for these discrepancies may be the use of different
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Figure 5 AGE-BSA does not activate p44/42 (A) and p38 (B) MAPK
signaling in hepatic stellate cells. Kinase phosphorylation was determined
in CFSC-2G and HSC-T6 HSC using quantitative western blotting with
phosphospecific antibodies relative to total kinase antibodies after a 10 min
incubation with increasing concentrations of AGE-BSA or CML-BSA in 0% to
10% FCS. Bars represent n-fold phosphorylation compared to controls with 0%
FCS and results are derived from at least three individual experiments.

antibody reagents with different specificities. We used
an antibody that has been characterized thoroughly and
found to react specifically with cells on tissue sections[28].
In addition, we could partly confirm our in vivo data with
our in vitro studies using various types of HSC.
During culture-activation of HSC, RAGE expression
was increased significantly. This increase was paralleled
by the known upregulation of major transcripts related
to fibrosis progression, i.e. TGF-β1, the most prominent
profibrogenic cytokine; procollagen α1(Ⅰ), a precursor of
the major fibrillar collagen; TIMP-1, the central inhibitor
of matrix metalloproteinases (MMP); and α -SMA, a
marker for HSC activation[16,17].
Enhanced RAGE expression in hepatic fibrogenesis
was further shown in rats with cirrhosis induced by BDL
and TAA treatment, which was in line with prior findings
in CCl4-induced hepatic fibrosis where RAGE transcript
and protein levels were upregulated until 6 wk after the
completion of CCl4 treatment[35]. Differences in RAGE
expression may be due to the lack of inflammation in
TAA-treated animals, since TAA treatment was stopped
one week prior to tissue removal. Progressive injury,
however, was still present in bile duct-ligated animals at
the time of sacrifice, with enhanced numbers of CD68positive macrophages/small Kupffer cells and CD3-

positive T-lymphocytes as compared to the TAA-cirrhosis
model. Furthermore, we showed that α-SMA-positive
HSC/myofibroblasts of the septal or portal interface,
representing the prominent fibrogenic effectors, expressed
RAGE in both fibrosis models.
In studies of diabetes-associated cardiovascular
and renal disease, an upregulation of RAGE has been
linked to enhanced levels of AGE [7,9], in association
with epithelial-myofibroblast transdifferentiation[36] and
induction of fibrogenesis[37-39]. Additionally, inhibition
of the interaction of AGE-RAGE with neutralizing
monoclonal anti-RAGE antibodies or the AGE cross-link
disrupting agent ALT-711 prevented pathological effects
of hyperglycemia in blood vessels and kidneys[8,40].
Our results show that AGE-BSA, as well as the specific
RAGE ligand CML-BSA, upregulated the expression
of the receptor itself in HSC. This phenomenon was
reported previously in human vascular and umbilical vein
endothelial cells[41], where 50 µg/mL AGE-BSA induced
a 2- and 2.5-fold increased RAGE protein expression,
respectively, compared to untreated cells. Other studies
showed that certain vascular domains, renal glomeruli
or intima media and adventitia of the aorta exhibit
increased RAGE expression[42] and that interactions of
AGE with RAGE resulted in autoinduction of RAGE
expression[43]. Our observed reduction of response using
higher concentrations of AGE-BSA could reflect receptor
saturation, downregulation, or an antagonist effect on
RAGE expression.
Addition of the proinflammatory cytokine TNF-α to
HSC upregulated RAGE protein and mRNA expression up
to 3-fold, in accordance with previous studies showing that
RAGE is upregulated in inflamed tissues[44]. Interestingly,
the blockade of RAGE by murine-soluble RAGE as decoy
could decrease acetaminophen-induced hepatotoxicity[45]
and liver injury in an ischemia and reperfusion model in
mice[46]. Furthermore, an approximately 2-fold increase
of RAGE protein expression after incubation of human
microvascular endothelial cells with up to 100 ng/mL
TNF- α has been reported [41] . In the present study,
however, RAGE expression peaked at 0.1 and 1 ng/mL
TNF-α and decreased to baseline levels at 10 ng/mL
TNF-α, apparently due to receptor downregulation at high
concentrations and this indicated a greater sensitivity of
HSC than that of human microvascular endothelial cells to
TNF-α. Increased RAGE expression under inflammatory
conditions, such as those triggered by TNF-α, may result in
enhanced binding of AGEs to RAGE, further increasing
RAGE expression and expression of proinflammatory
cytokines. This could be relevant for patients with insulin
resistance, overt diabetes, and obesity, who frequently
present with hepatic inflammation and fibrosis, i.e. patients
with NASH.
The upregulated RAGE expression in HSC may
lead to the conclusion that AGE-RAGE interactions
play a role in hepatic fibrogenesis. However, in contrast
to upregulation of RAGE by AGE/CML-AGE and
TNF-α, we clearly showed that AGE-BSA and CMLBSA were unable to induce expression of fibrosis or
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fibrolysis-related genes in CFSC-2G or HSC-T6 HSC.
Using another experimental approach Xia et al[35] showed
that targeting of RAGE by specific siRNA downregulated
fibrogenesis-related transcripts in vitro and in vivo. Of
note, we took great care to synthesize AGE-BSA and
CML-BSA in a sterile environment and to remove any
remaining endotoxin contamination in the products. Possible
discrepancies between previously published cellular effects of
AGE and the present lack of induction may be explained
by the presence of endotoxin in previously synthesized
AGE preparations.
Another pathogenic feature of HSC activation, besides
migration, apoptosis, ECM synthesis, or contractility, is
increased proliferation[47]. According to our experimental
setup, we can conclude that AGE do not alter hepatic
fibrogenesis through induction of HSC proliferation.
Previous studies of endothelial cells and monocytes,
especially mononuclear phagocyte-derived dendritic
cells of the liver after massive liver injury [13], showed
that interactions of AGE with RAGE induce, besides
RAGE, the expression of proinflammatory cytokines,
such as TNF-α and interleukin-1 and -6[41]. These events
are mediated by activation of redox-sensitive signaling
pathways involving NADPH oxidase, or mitogenic
pathways involving the small G-protein Ras that lead to
activation of mitogen-activated protein kinases (MAPK),
or involving nuclear factor-κB (NF-κB). Since no data on
AGE-induced MAPK activation in HSCs exist, we aimed
to investigate whether RAGE upregulation by AGE
may be due to stimulation of MAPK signal transduction
pathways. We could not find any stimulatory effect of
endotoxin-free AGE-BSA or CML-BSA on activation
of p44/42 MAPK, which mediates cellular growth and
differentiation, and p38 MAPK, which regulates cytokine
expression and controls cellular responses to cytokines
and stress. Again, this contrasts with previous reports
showing that interaction of AGE with RAGE induced
intracellular signaling pathways involved in inflammatory
responses including MAPK or NF- κ B activation [48].
Moreover, downregulation of RAGE by specific siRNAs
was associated with NF-κB degradation supporting the
linkage of RAGE to the NF-κB pathway[35]. Only a single
study indicated that AGE may not uniformly play a role in
cellular activation[49].
In summary, the present data do not support a direct
role of AGE and AGE-RAGE axis in the fibrogenic
activation of HSC, such as profibrogenic ECM-related
gene expression, signal transduction, or proliferation.
However, the finding that RAGE in HSC is upregulated
during their activation in vitro and in HSC/myofibroblasts,
macrophages/small Kupffer cells, endothelia of neocapilliarization and proliferating bile duct epithelia during
fibrogenesis in vivo does not exclude the possibility that
RAGE may drive fibrogenesis indirectly, e.g. via soluble
factors that are released from these non-HSC cell types.
This could still have relevance for patients with insulin
resistance and NASH who display elevated serum and
tissue levels of AGE[1,50]. Whether the observed RAGE
upregulation may contribute to fibrosis via these indirect
pathways needs to be investigated in further studies using

December 14, 2009

Volume 15

Number 46

either co-culture experiments, gene modified animals, or
the administration of AGEs to animals with experimental
liver fibrosis.
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Background

Advanced glycation end products (AGE) and their specific receptor (RAGE)
play an important role in the pathogenesis of inflammation and fibrosis in
diabetes mellitus. While RAGE has been detected in numerous tissues, its role
in organs such as the liver which are also exposed to (circulating) AGE remains
largely unexplored.

Research frontiers

The study of liver fibrosis is a challenging research area due to the enormous
socio-epidemiologic and medical-therapeutical impact of chronic liver diseases
which frequently progress to cirrhosis. We have made tremendous progress in
our understanding of the pathomechanisms underlying liver fibrosis progression,
including the structural components of the hepatic scar tissue (extracellular
matrix), the molecules that are central to its excess deposition and to its
removal, and the direct and indirect effector cells that drive fibrosis progression,
i.e. fibrogenesis (Friedman, Gastro 08; Schuppan and Afdhal, Lancet 08).
Recent studies suggested an association of an activated AGE-RAGE-axis with
fibrogenesis, but clear functional data were lacking.

Innovations and breakthroughs

The findings suggest a more indirect than direct effect of the AGE-RAGEaxis on liver fibrogenesis and rule out a direct effect of AGE on the fibrogenic
effector cells, i.e. hepatic stellate cells.

Applications

Future applications depend on additional studies that would explore the
putative indirect effects of RAGE on fibrogenesis, e.g. via cytokines produced
by AGE-activated macrophages, biliary duct epithelia or endothelial cells. This
could facilitate the development of specific AGE-RAGE-inhibitors that could
generate a novel class of therapeutics, especially in conditions where AGE play
a prominent role, such as non-alcoholic fatty liver disease.

Terminology

AGE are formed in vitro and in vivo from non-enzymatic glycation of the amino
groups of proteins with reducing sugars such as glucose. AGE can be detected
in vivo once levels of reducing sugars are elevated as occurs in diabetes. AGE
interact with several receptors, most specifically with the receptor for advanced
glycation end products (RAGE). RAGE is a member of the immunoglobulin
superfamily of cell surface receptors which are expressed in a variety of
tissues.

Peer review

The originality of this study resides in the broad and exhaustive study of
RAGE expression in two well-defined and complementary rodent models of
liver fibrosis, the use of different cells and cell lines, and extensive in vitro
stimulation studies of hepatic stellate cells with AGE to assess their effect
on the expression of extracellular matrix component and matrix dissolving
metalloproteinases. This broad approach is novel and has for the first time
provided clear results as to the effect of stimulation of the AGE-RAGE axis
in hepatic stellate cells and the putative fibrogenic role it plays in fibrogenic
activation of macrophages/Kupffer cells, endothelia or biliary duct epithelia.
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waves. Also, TRPM7 channels were expressed in ICCs
in human tissue.
CONCLUSION: These results suggest that the human
GI tract generates slow waves and that TRPM7 channels expressed in the ICCs may be involved in the generation of the slow waves.
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INTRODUCTION
Abstract
AIM: To investigate the characteristics of slow electrical waves and the presence of transient receptor
potential melastatin-type 7 (TRPM7) in the human gastrointestinal (GI) tract.
METHODS: Conventional microelectrode techniques
were used to record intracellular electrical responses
from human GI smooth muscle tissue. Immunohistochemistry was used to identify TRPM7 channels in interstitial cells of Cajal (ICCs).
RESULTS: The human GI tract generated slow electrical waves and had ICCs which functioned as pacemaker cells. Flufenamic acid, a nonselective cation channel
blocker, and 2-APB (2-aminoethoxydiphenyl borate)
3+
and La , TRPM7 channel blockers, inhibited the slow

Smooth muscles in the gastrointestinal (GI) tract are
spontaneously active with rhythmic generation of
slow electrical waves[1]. The slow waves determine the
frequency and amplitude of the phasic contractions of
GI muscles[2]. Slow waves originate in specialized regions
such as the border between the circular and longitudinal
muscle layers in the stomach and small intestine and
along the submucosal surface of the circular muscle layer
in the colon[3]. Each pacemaker region is populated by
interstitial cells of Cajal (ICCs), and many studies have
demonstrated the pacemaker role of these cells[4-9]. ICCs
generate spontaneous inward currents and slow wavelike depolarizations[10,11]. Slow waves propagate within the
ICC networks, conduct into smooth muscle cells via gap
junctions, and initiate phasic contractions by activating
Ca2+ entry through L-type Ca2+ channels. The pacemaker
currents of the murine small intestine are due mainly
to periodic activation of non-selective cation channels
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(NSCCs)[12].
In Caenorhabditis elegans, the melastatin-type transient
receptor potential (TRPM) channel, particularly TRPM7,
was suggested as being involved in the defecation
process [13]. Also recently, we suggested that TRPM7
was a good candidate for the NSCC in ICCs of the
murine small intestine[14]. TRP channels were first cloned
from Drosophila species and constitute a superfamily of
proteins that encode a diverse group of Ca2+-permeable
NSCCs[15]. The TRP family is divided into 7 subfamilies:
classical TRPs (TRPC), which display the greatest
similarity to Drosophila TRP; vanilloid TRPs (TRPVs);
TRPMs; mucolipin TRPs; polycystin TRPs; NOMPC
(no mechanoreceptor potential C) TRP; ankyrin 1 TRPs.
TRPC channels mediate cation entry in response to
phospholipase C activation, whereas TRPV proteins
respond to physical and chemical stimuli, such as
changes in temperature, pH, and mechanical stress. The
TRPM family members differ significantly from other
TRP channels in terms of domain structure, cation
selectivity, and activation mechanisms[15].
The characteristics of the slow wave and the presence
of TRPM7 in human GI tract have not yet been
investigated. Therefore, we undertook to investigate the
characteristics of the slow wave in the human GI tract
and the involvement of TRPM7 in ICCs.

MATERIALS AND METHODS
Human tissue preparation
The segments of human colon or small intestine used
in this study were obtained from cancer patients of
either sex ranging in age from 46 to 59 years as discarded
surgical tissue during operations. The protocol was
approved by the human subjects research committees at
Seoul National University College of Medicine. A segment
of colon or jejunum was opened along the mesenteric
border, and the mucosal layers, the serosal layers and a
part of the longitudinal layers were carefully peeled away
under a dissecting microscope. A tissue segment (about
0.5 mm wide and 0.5 mm long) was pinned out on a
silicone rubber plate with the serosal side uppermost,
and the plate was fixed at the bottom of an organ bath.
The preparation was continuously perfused with CO2/
bicarbonate-buffered Tyrode solution at 36-37℃ and
equilibrated for 2 h before the experiment, at a constant
flow rate of about 2 mL/min.
Intracellular recording of electrical activity
Conventional microelectrode techniques were used to
record intracellular electrical responses from smooth
muscle tissues, and the glass capillary microelectrodes,
filled with 3 mol/L KCl, had tip resistances of 40-80 MΩ.
Electrical responses recorded via a high input impedance
amplifier (Axoclamp-2B, Axon Instruments, USA) were
displayed on a cathode ray oscilloscope (SS-7602, Iwatsu,
Osaka, Japan) and also stored on a personal computer for
later analysis.
Solutions and drugs
The ionic composition of the CO2/bicarbonate buffered-

December 14, 2009

Volume 15

Number 46

Tyrode solution was as follows (mmol/L): NaCl 116,
KCl 5.4, CaCl2 1.5, MgCl2 1, NaHCO3 24, glucose 5. The
solutions were aerated with O2 containing 5% CO2, and
the pH of the solutions was maintained at 7.3-7.4. Drugs
used were flufenamic acid, 2-aminoethoxydiphenyl borate
(2-APB), lanthanum ion (La3+) and nifedipine (all from
Sigma, USA). Drugs were dissolved in distilled water,
and added to CO2/bicarbonate buffered-Tyrode solution
to the desired concentrations, immediately prior to use.
Addition of these chemicals to the Krebs solution did not
alter the pH of the solution.
Immunohistochemistry
Whole-mount preparations from the colon or small
intestine of human were used for immunohistochemistry.
Experimental protocols approved by Seoul National
University were followed. For whole-mount preparations,
the mucosa was removed by sharp dissection, and the
remaining muscle layer was stretched before fixation.
Whole-mount preparations were fixed in cold acetone
(4℃) for 5 min. After fixation, they were washed in
phosphate-buffered saline (PBS; 0.01 mol/L; pH 7.4) and
immersed in 0.3% Triton X-100 in PBS. After blocking
with 1% bovine serum albumin (Sigma) in 0.01 mol/L
PBS for 1 h at room temperature, they were incubated
with a rat monoclonal antibody raised against c-kit (Ack2;
eBioscience) at 0.5 μg/mL or goat polyclonal antibody
against TRPM7 (Abcam, Cambridgeshire, UK) in PBS
for 24 h (4℃). After a rinse in PBS at 4℃, they were
labeled with the fluorescein isothiocyanate-coupled
donkey anti-goat immunoglobulin G secondary antibody
(1:100; Jackson Immunoresearch Laboratories, Baltimore,
MD, USA) or Texas red-conjugated donkey anti-rat
immunoglobulin G (1:100; Jackson Immunoresearch
Laboratories) for 1 h at room temperature. Control tissues
and sections were prepared by omitting either the primary
or secondary antibodies from the incubation solutions.
Statistics analysis
All data are expressed as mean ± SE. The Student t-test
for unpaired data was used to compare control and
experimental groups. A P-value < 0.05 was considered
statistically significant.

RESULTS
Spontaneous electrical activities recorded from intact
tissue preparations of human colon and small intestine
In intact human colon preparations, most of the
tissues generated slow electrical waves (Figure 1A). The
membrane potential of cells generating slow waves with
the most negative value (equal to the resting membrane
potential) ranged between -54.7 mV and -68.7 mV (mean
-61.9 ± 1.9 mV, n = 6; each n value represents the number
of human tissues used). Slow waves had a frequency of
18.1 ± 2.1/min (n = 6). In intact human small intestine
preparations, most of the tissues generated slow waves
(Figure 1B). The membrane potential of cells generating
slow waves ranged between -51.2 mV and -63.5 mV (mean
-57.3 ± 5.2 mV, n = 5). Slow waves had a frequency of 3.1
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Figure 1 Spontaneous electrical activity of smooth muscle cells in human
colon and small intestine. A: Colonic smooth muscle cells produced slow waves
with a frequency of 18.1 ± 2.1/min; B: Small intestinal smooth muscle cells also
produced slow waves with a frequency of 3.1 ± 0.5/min.

Expression of TRPM7 protein in ICC of native tissues
To test this possibility more directly, we examined
the expression of TRPM7 in ICCs in human tissues.
Expression of TRPM7 proteins was investigated by
immunohistochemistry. Double staining with anti-c-kit
(a marker of ICCs) and anti-TRPM7 antibodies showed
TRPM7 immunoreactivity in c-kit-immunopositive
ICCs in the human colon (Figure 3), and human small
intestine (Figure 4).

DISCUSSION
GI smooth muscles are spontaneously active, and

20

15

-1

Pharmacological properties of slow waves in human
colon
We investigated the effect of a nonselective cation channel
blocker and several TRPM7 channel blockers on the
slow waves recorded from human colon tissue. First, we
investigated the effects of flufenamic acid, a nonselective
cation channel blocker. When flufenamic acid was applied
in the bath solution, the slow waves were inhibited (2.6
± 0.3/min) (Figure 2A and D). As indicated previously,
2-APB is known to inhibit TRPM7 channels[16]. When
2-APB was applied in the bath solution, the slow waves
were inhibited in a concentration-dependent manner
(2.8 ± 0.2/min) (Figure 2B and D). Again, as described
previously, TRPM7 has been shown to be blocked by
trivalent ions such as La3+[17]. When La3+ was applied in
the bath solution, the slow waves were inhibited (3.2 ±
0.2/min) (Figure 2C and D). These results indicate that
NSCCs and TRPM7 in ICCs may be involved in the
generation of the slow wave in the human GI tract.

D

Frequency (min )

± 0.5/min (n = 5). These results suggest that the GI tract
in humans can generate slow waves and have ICCs which
function as pacemaker cells.

-65
1 min

10

5

b

b

b
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0
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Figure 2 Effects of flufenamic acid, 2-aminoethoxydiphenyl borate (2-APB)
and La3+ on electrical responses. Flufenamic acid (50 μmo/L, A), 2-APB
(50 μmo/L, B) or La3+ (50 μmo/L, C) were applied while recording electrical
activity of isolated smooth muscles of the human colon. All drugs inhibited the
spontaneous electrical activity; D: The histograms summarize the frequency of
spontaneous electrical activities in human colon with flufenamic acid, 2-APB,
and La3+. bP < 0.01.

generate rhythmic slow electrical waves[1]. The slow waves
originate in the ICCs distributed in the GI tract[4-9]. ICCs
express c-kit immunoreactivity and form gap junctional
connections with ICCs and with smooth muscle cells[18-20].
Many types of ICC with different immunohistochemical
and electrical properties, such as myenteric ICC (ICCMY), intramuscular ICC, deep muscular plexus ICC and
submucosal ICC, are distributed in the GI tract[21]. In
animal models lacking ICC-MY, the slow waves in the
small intestine are strongly attenuated, indicating that
these cells are indeed essential for pacemaking activity in
the GI tract[6,22].
Research into the distribution and function of ICCs
was greatly stimulated by discovering that ICCs express
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DIC

50 mm

Merge (-DIC)

Merge (+DIC)

Figure 3 Expression of transient receptor potential melastatin-type 7 (TRPM7) protein in human colon. Double labeling of TRPM7-like immunoreactivity (red)
and c-kit–like immunoreactivity (green) within smooth muscle layers of the human colon. The mixed color yellow indicates the colocalization of both TRPM7-like and
c-kit–like immunoreactivity (bar = 50 μm). DIC: differential interference contrast.

C-Kit

TRPM7

DIC

50 mm
Merge (-DIC)

Merge (+DIC)

Figure 4 Expression of TRPM7 protein in human small intestine. Double labeling of TRPM7-like immunoreactivity (red) and c-kit–like immunoreactivity (green) within
smooth muscle layers of human small intestine. The mixed color yellow indicates the colocalization of both TRPM7-like and c-kit–like immunoreactivity (bar = 50 μm).

c-kit, and signaling via kit protein is necessary for develo
pment and maintenance of the ICC phenotype [7,23].
ICCs are involved in physiological GI motility, therefore

have clinical importance in many bowel disorders,
including inflammatory bowel disease, chronic idiopathic
intestinal pseudo-obstruction, intestinal obstruction with
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hypertrophy, achalasia, Hirschsprung disease, juvenile
pyloric stenosis, juvenile intestinal obstruction, and
anorectal malformation[21].
Discovering the molecules involved in the generation
of pacemaker activity in ICCs may lead to dramatic new
therapies for chronic GI diseases that result in lifelong
suffering.
Strege et al [24] suggested that a mechanosensitive
+
Na channel current is present in human intestinal ICC
and appears to play a role in the control of intestinal
motor function. Also in human jejunum, each ICCMY generates spontaneous pacemaker activity that
actively propagates through the ICC network, and the
pacemaker activity was dependent on inositol-1,4,5triphosphate receptor-operated stores and mitochondrial
function[25]. Although some papers have identified the
ion channels in ICCs[10,11,26,27], there is little known about
the ionic basis of its pacemaker activity. Recently, we
used electrophysiological, molecular biological, and
immunohistochemical techniques to establish the close
relationship between NSCCs in ICCs and a mammalian
TRP homologue, TRPM7 and found that TRPM7 is
required for murine intestinal pacemaking[14].
Little is known about the involvement of TRPM7
channels in ICCs in the human GI tract. In this study, we
found that the human GI tract generated slow waves and
various pharmacological properties of the slow waves were
the same as those of TRPM7. Also, immunohistochemistry
showed abundant and localized expression of TRPM7
protein in the human GI tract. TRPM7 has been suggested
to have a central role in cellular Mg2+ homeostasis[28], in
central nervous system ischemic injury[29], in skeletogenesis
in zebrafish[30], in the defecation rhythm in C. elegans[13], in
cholinergic vesicle fusion with the plasma membrane[31], in
phosphoinositide-3-kinase signaling in lymphocytes[32], in
cell death in gastric cancer[33], in osteoblast proliferation[34],
and in breast cancer cell proliferation[35].
The physiological role of TRPM7 channels in ICCs
in human GI tract requires more investigation. As a
primary molecular candidate for the NSCC responsible
for pacemaking activity in ICCs, TRPM7 may be a new
target for pharmacological treatment of GI motility
disorders.

Peer review

The authors well demonstrated the involvement of TRPM7 in ICCs and
characterized the pharmacological properties of slow waves in the human GI
tract. The finding will form the basis for future treatments of GI motility disorders
and is a useful addition to the literature.
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Abstract
AIM: To evaluate the utility of diffusion-weighted imaging (DWI) in screening and differential diagnosis of
benign and malignant focal hepatic lesions.
METHODS: Magnetic resonance imaging (MRI) examinations were performed using the Signa Excite Xl
Twin Speed 1.5T system (GE Healthcare, Milwaukee,
WI, USA). Seventy patients who had undergone MRI
of the liver [29 hepatocellular carcinomas (HCC), four
cholangiocarcinomas, 34 metastatic liver cancers, 10
hemangiomas, and eight cysts] between April 2004
and August 2008 were retrospectively evaluated. Visualization of lesions, relative contrast ratio (RCR), and
apparent diffusion coefficient (ADC) were compared
between benign and malignant lesions on DWI. Superparamagnetic iron oxide (SPIO) was administered
to 59 patients, and RCR was compared pre- and postadministration.

RESULTS: DWI showed higher contrast between malignant lesions (especially in multiple small metastatic
cancers) and surrounding liver parenchyma than did
contrast-enhanced computed tomography. ADCs (mean
-3
2
± SD × 10 mm /s) were significantly lower (P < 0.05)
in malignant lesions (HCC: 1.31 ± 0.28 and liver metastasis: 1.11 ± 0.22) and were significantly higher in
benign lesions (hemangioma: 1.84 ± 0.37 and cyst:
2.61 ± 0.45) than in the surrounding hepatic tissues.
RCR between malignant lesions and surrounding hepatic tissues significantly improved after SPIO administration, but RCRs in benign lesions were not improved.
CONCLUSION: DWI is a simple and sensitive method
for screening focal hepatic lesions and is useful for differential diagnosis.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Diffusion is the thermally induced motion of water
molecules, which is also referred to as Brownian motion[1].
Diffusion-weighted imaging (DWI) is a new magnetic
resonance imaging (MRI) technique that provides imaging
of diffusion in biological tissues.
DWI has been reported to be useful in evaluating
the early stages of brain ischemia[2-4]. Recent technical
developments have reduced the image distortion asso
ciated with this technique and have increased the signalto-noise ratio, thus making DWI of the body feasible[5,6].
Screening, accurate detection, and characterization
of focal hepatic lesions are important for planning
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treatment of malignant hepatic lesions. The differential
diagnosis of malignant and benign focal hepatic lesions
remains a diagnostic challenge; however, to improve
the diagnosis of such lesions, new methods for existing
modalities, such as MRI, computed tomography (CT),
angiography, and ultrasonography are being developed.
Recently, some studies have reported that the
apparent diffusion coefficient (ADC), which is one
of calculated parameters of DWI, might be useful for
differential diagnosis of benign and malignant lesions
in the liver [7]. Superparamagnetic iron oxide (SPIO)enhanced MRI was reported to be as useful as CT during
arterioportography and CT during hepatic arteriography
for diagnosing metastatic liver tumors[8,9]. SPIO improves
the contrast-to-noise ratio (CNR) between focal hepatic
lesion and the surrounding liver parenchyma on T2weighted imaging [9]. SPIO has also been reported to
further improve the perfor mance of DWI of the
liver because SPIO reduces the signal in normal liver
parenchyma[10].
The purpose of the present study was to retrospe
ctively evaluate the utility of DWI in screening, accurate
detection, and differential diagnosis of benign and
malignant focal hepatic lesions.

MATERIALS AND METHODS
Patients
We retrospectively evaluated 70 patients (52 men and
18 women; age, 39-86 years; mean age, 65.3 years) with
85 lesions [29 hepatocellular carcinomas (HCC), four
cholangiocarcinomas, 34 metastatic liver cancers, 10
hemangiomas, and eight cysts] who had been examined
between April 2004 and August 2008. The locations
of each focal hepatic lesion were: posterior segment in
32, anterior segment in 33, median segment in 15, and
lateral segment in five patients. These lesions measured
1.0 to 10.0 cm (mean 3.1 cm) along their long axes on
CT images.
The criteria for selecting patients to evaluate in
the present study were as follows: (1) the diagnoses
of HCC were pathology confirmed in 25 lesions and
other lesions were confirmed by measurement of the
serum α-fetal protein (AFP) level, clinical data, ultraso
nography, angiography and CT or MRI or both; (2)
hepatic metastasis of primary lesions was pathologically
confirmed; (3) the diagnosis of cholangiocarcinomas was
pathologically confirmed in three lesions and the other
lesion was confirmed by clinical data, ultrasonography,
CT and MRI; (4) the diagnosis of cavernous heman
gioma and hepatic cysts was confirmed by clinical data,
ultrasonography, CT or MRI or both, and follow-up
observation.
Imaging protocol
MR examinations were performed using the Signa Excite
Xl Twin Speed 1.5T system (GE Healthcare, Milwaukee,
WI, USA) with a four-channel torso-array coil. Diffusion
weighted single-shot echo-planar imaging was performed
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in individual patients using the following parameters:
repetition time/echo time (TR/TE) = 6000/73.1 ms,
7-8 mm thickness, water selective excitation for fat suppression, matrix size = 128 × 128, field of view = 36 cm
× 36 cm, number of excitations = 6.0, slice thickness/
gap = 8 mm/0 mm, 20 axial slices, scan time = 2 min
24 s, b value = 0 and 1000 s/mm2, under free breathing. A parallel imaging technique, array spatial sensitivity
encoding technique (ASSET) was used. Motion-probing
gradient pulses were placed along three orthogonal
oblique directions. Additional post-contrast-enhanced
DW images were obtained after intravenous administration of SPIO (Resovist; Bayer Schering Pharma AG,
Berlin, Germany). The dose of SPIO was 0.016 mL/kg,
corresponding to 0.45 mg/kg of Fe.
Contrast enhanced CT was conducted using the
LightSpeed ultra 16-MDCT scanner (GE Healthcare,
Milwaukee, WI, USA) with pre- and postcontrast triplephase (arterial, portal venous, and equilibrium phase)
scans after injection of 80 to 100 mL of Iopamidol
(Iopamiro; Bayer Schering Pharma AG, Berlin, Germany)
at an injection rate of 1.5 to 3.0 mL/s.
Visualization of lesions, relative contrast ratio between
the lesion and surrounding liver parenchyma (RCR),
and ADC values were compared between benign and
malignant lesions on DWI. Analysis and measurements
of DWI data was performed using the GE FUNCTOOL
software. All regions of interest (ROI) were created as
large as possible in each lesion. In cases with multiple
lesions, only the most conspicuous lesion was selected for
quantitative measurements. If different types of lesions
were mixed (for example, hepatocellular carcinomas and
cysts), each lesion was measured.
Visualization of lesions
All but two lesions (CT examinations were not
performed in one case of metastatic liver cancer and
hemangioma.) were evaluated. Two diagnostic doctors
performed a visual evaluation of each selected CT image
(best phase for CT examinations in individual lesions)
and DWI (only before SPIO administration) based on
mutual agreement. They classified the visualization
of lesions on CT and DWI into three categories
according to the following criteria. Grade 1: no or slight
visualization and unclear margin. Grade 2: moderate
visualization and clear margin. Grade 3: marked
visualization and very clear margin.
RCR measurements
SPIO was administered to 59 patients (18 HCC, 26
metastatic liver cancers, 10 hemangiomas, seven cysts)
and the RCR was compared before and after SPIO
administration to differentiate between benign and
malignant lesions. The RCR was calculated by the
following equation: RCR = SI lesion/SI liver, where SI is
signal intensity of the lesion and SIliver was evaluated
from hepatic tissue surrounding the lesion. In this paper,
the conventional contrast-to-noise ratio analysis was
not employed because the standard deviation of the
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Figure 1 A case of hepatic metastases of colon cancer. A, B: Dynamic computed tomography of the liver in the portal phase showing multiple metastatic lesions,
which are indicated as low-density masses (arrows); C, D: Diffusion-weighted imaging (DWI) of the same locations as in (A) and (B), clearly showing metastatic
lesions as high signal intensities; E, F: After SPIO administration, the background signal intensity of the liver parenchyma was reduced and the signal intensities of the
metastatic lesions were seen more clearly.

CA, USA). A P value of < 0.05 was considered statistically
significant.

Table 1 Visual evaluation of focal hepatic lesions
Lesions
Metaa (n = 33)
a

HCC (n = 29)
Cholangiocarcinoma
(n = 4)
Cysta (n = 8)
Hemangiomaa (n = 9)

Modalities

Grade 1

Grade 2

Grade 3

CT
DWI
CT
DWI
CT
DWI
CT
DWI
CT
DWI

9
1
4
6
1
0
0
8
0
5

17
8
19
11
1
0
1
0
8
2

7
24
6
12
2
4
7
0
1
2

Meta: Metastatic liver cancer; HCC: Hepatocellular carcinoma; DWI:
Diffusion-weighted imaging; CT: Computed tomography. aP < 0.05.

background could not be measured easily in the images
obtained using ASSET[11].
ADC measurements
ADCs of both focal hepatic lesions and surrounding
liver parenchymas (26 HCC, 32 metastatic liver cancers,
four cholangiocarcinomas, 10 hemangiomas, eight cysts)
were measured in 65 patients. Lesions in the lateral
segments were excluded for ADC measurement because
their ADC could not be correctly measured in the DWI
sequences without simultaneous cardiac gating[12].
Statistical analysis
ADC and SI were measured twice and averaged. All data
are expressed as mean ± SD. The visualization data was
statistically analyzed by Wilcoxon’s sighed rank test, and
RCR and ADC were analyzed by Student’s t test using
Prism 4.0 software (GraphPad Software, Inc., San Diego,

RESULTS
Visualization of lesions
Most malignant lesions were significantly more clearly
visualized on DWI than on CT (Table 1). In particular,
multiple small focal hepatic lesions were visualized
clearly on DWI (Figure 1). Two malignant lesions were
not detected on DWI, even though they could be easily
detected on enhanced CT. These lesions were HCC just
under the diaphragm of the lateral segment with liver
cirrhosis. Benign lesions, by contrast, were significantly
more poorly visualized on DWI than on CT. Similar to
the results of several articles published previously[13], cysts
showed low or no signal intensities in six of eight cases
on DWI (in these cases, no signal intensity means lower
signal intensities than background signal intensities.). DWI
visualized most hemangiomas; however, CT was better
than DWI for the visualization of hemangiomas.
RCR measurements
The average RCR on DWI before and after SPIO
administration is shown in Figure 2. RCR seemed to
be significantly improved after SPIO administration
in malignant lesions that were metastatic liver cancers
(before: 2.39 ± 1.28, after: 4.23 ± 1.34, n = 26) and HCC
(before: 1.85 ± 0.58, after: 2.59 ± 1.28, n = 18). On the
other hand, the RCR was not significantly improved in
benign lesions after SPIO administration. The RCR of
cysts was 0.86 ± 0.30 (n = 7) before SPIO administration,
because the SI of cysts was lower than background SI on
DWI. Therefore, the RCR of cysts increased after SPIO
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Figure 2 Relative contrast ratio (RCR) of focal hepatic lesions visualized
by diffusion-weighted imaging (DWI) before and after the administration
of superparamagnetic iron oxide (SPIO). Meta: Metastatic liver cancer; HCC:
Hepatocellular carcinoma; hemangi: Hepatic hemangioma. aP < 0.05, bP < 0.01.

administration (1.48 ± 0.65) as a result of a decrease
in the SI of the liver. The RCR of hemangiomas was
1.58 ± 0.38 (n = 10) before and 2.15 ± 1.10 after SPIO
administration. This was not statistically significant. The
RCRs of hemangiomas were reduced in three lesions after
SPIO administration. One example is shown in Figure 3.
Figure 4 is a case in which multiple small cysts and
metastatic tumors of colon cancer were colocalized in
the liver. Both cysts and cancers expressed high signal
intensities in T2-weighted MR imaging. In contrast, only
the metastatic nodules were expressed on DWI after
SPIO administration.
ADC measurements
Generally speaking, the lesions showing high signal
intensity on DWI demonstrate low ADCs. The average
ADCs in our study are shown in Figure 5. The ADCs
(mean ± SD × 10-3 mm2/s) of malignant lesions, both
HCC (1.31 ± 0.28, n = 26) and metastatic liver cancer
(1.11 ± 0.22, n = 32), were significantly lower than the
ADCs of the surrounding hepatic tissues. The ADC of
cholangiocarcinomas was 1.33 ± 0.23 (n = 4). Although
this was lower than the ADC of the surrounding hepatic
tissue, the difference was not significant.
In benign lesions, the ADCs of both cysts (2.61 ±
0.45, n = 8) and hemangiomas (1.84 ± 0.37, n = 10) were
significantly higher than the ADC of the surrounding
hepatic tissue. A representative hemangioma is shown
in Figure 3, which expressed high signal intensity and
high RCR on DWI. The ADC of the hemangioma was
high even though their signal intensity was higher than
the surrounding hepatic tissue on DWI. A representative
hepatic cyst case is shown in Figure 6. The cyst expressed
nearly no signal intensity on DWI after SPIO admi
nistration. However, the cyst revealed a higher ADC value
than the surrounding hepatic tissue on the ADC map.

DISCUSSION
Surgeons need new imaging modalities that can precisely

C

D

Figure 3 A case of hepatic hemangioma. A: Dynamic computed tomography
in the portal phase showing a low-density mass with a marginal stain at the
S7 lobe (arrow). This is a typical staining pattern for hemangiomas; B: The
hemangioma (arrow) expressed high signal intensity on diffusion-weighted
imaging; C: The intensity of this signal was reduced after administration of
superparamagnetic iron oxide (arrow); D: The hemangioma showed a high
apparent diffusion coefficient (ADC) value on the ADC map (arrow).

and concisely evaluate malignant lesions. DWI has recently
emerged as a tool for detecting cancers in the abdominal
organ field[5,13,14]. Positron emission imaging is currently
used as a powerful screening tool for malignancy[15]. Some
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Figure 5 Comparison of apparent diffusion coefficient (ADC) between focal
hepatic lesions and surrounding hepatic parenchyma. Meta: Metastatic liver
cancer; HCC: Hepatocellular carcinoma; CC: Cholangiocarcinoma; Hemangi:
Hepatic hemangioma. bP < 0.01.
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Figure 4 A case of multiple hepatic metastases of colon cancer with
multiple hepatic cysts. A, B: T2-weighted magnetic resonance imaging
showing high signal intensities on both metastatic lesions (arrows) and
cysts (arrow heads); C, D: Diffusion-weighted imaging after administration of
superparamagnetic iron oxide showing high signal intensities on metastatic
lesions only (arrows).

articles have reported that SPIO-enhanced T2-weighted
MR imaging and CT during arterioportography have
the best ability to diagnose metastatic liver cancer[8,9,16].
However, even with use of these modalities, differentiating

Figure 6 A case of hepatic cysts. A: Dynamic computed tomography in the
portal phase showing the hepatic cyst as a low-density lesion (arrow); B: The
lesion expressed no signal intensity on diffusion-weighted imaging; C: The lesion
showed a high apparent diffusion coefficient (ADC) on the ADC map (arrow).
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between malignant tumors and intrahepatic vascular
structures (e.g. arterioportal shunts and thin vessels)
or benign lesions (e.g. small cysts and hemangiomas)
is sometimes difficult. One of the purposes of the
current study was to evaluate the potential of DWI for
differentiating malignant from benign lesions.
Nasu et al [17] reported the sensitivity of DWI for
detecting small metastases to be higher than that of
SPIO-enhanced T2-weighted MR imaging because
metastatic tumors tended to appear larger on DWI than
on T2-weighted images, and intrahepatic vascular signals
were suppressed on DWI. Parikh et al[18] also reported
that DWI was better than standard breath-hold T2weighted imaging for the detection of focal hepatic
lesions. In particular, they found much higher contrast
between HCC and cirrhotic liver on DWI than on T2weighted images. The contrasts between HCC and
cirrhotic liver on DWI in the present study, however,
were not higher than that between metastatic liver cancer
and surrounding hepatic tissue. This finding might have
been because the signal intensity of HCC was not so
high as metastatic tumors and the signal intensity of the
cirrhotic liver was irregularly increased in our study (data
not shown), probably because of marked liver fibrosis,
as previously noted[19-21]. High signal intensities were
found in most malignant focal hepatic lesions and DWI
was useful for identifying them, as it was in previous
studies[17,18].
However, the findings of benign lesions differed
from malignant lesions. Cysts and hemangiomas are
most frequently found in the benign lesions of the
liver. In the present study, the cysts had low or no signal
intensities and hemangiomas had high or low signal
intensities, similar to previous studies[22]. Such lesions are
usually diagnosed using major imaging modalities, such
as ultrasonography and enhanced CT. However, because
these lesions are small and multiple, differential diagnosis
against malignant focal hepatic lesions is often difficult,
even using these modalities. The characteristics of cysts
on DWI, however, in which the cysts express low or no
signal intensities, can enable differential diagnosis against
malignant focal hepatic lesions, as shown in Figure 4.
Administration of SPIO in the present study reduced
the signal intensity of liver parenchyma on DWI and
increased the RCR of malignant focal hepatic lesions, but
did not often increased the RCR of hepatic hemangiomas.
Therefore, SPIO was quite useful for differential dia
gnosis, especially between small metastatic liver cancers
and hepatic hemangiomas.
We used a high b value (1000 s/mm 2 ) for DWI
because a high b value allows delineation of malignant
tumors with excellent conspicuity owing to the generally
suppressed background noise. Furthermore, the diff
erences in the RCR between malignant and benign
lesions were increased with a high b value. However, this
characteristic of DWI occasionally hinders defining the
anatomical location of the abnormal signal on DWI.
Therefore, the location of the signal must be correlated
with ordinary T2 images by making the slice thickness,
interslice gap, and fields of view uniform among these
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images. Recent developments in fusion software can
readily resolve this problem by anatomically overlapping
DWI onto ordinary T2 images. Such fused images might
allow improved detection of malignant tumors[22].
ADC is a quantitative parameter calculated from
DWI. ADC combines the effects of capillary perfusion
and water diffusion in the extracellular and extravascular
space [1]. ADC is helpful for characterizing focal and
diffuse diseases in the body. Several studies have reported
that ADC can contribute to the differential diagnosis of
benign and malignant focal lesions in the liver[7,18,23].
Our results also revealed the contribution of ADC to
the characterization of focal hepatic lesions. The ADC
of malignant lesions was significantly lower than that
of the surrounding hepatic tissue, whereas the ADC of
benign lesions was higher than that of the surrounding
hepatic tissue. Benign lesions, hemangiomas, and cysts in
particular had high ADCs, even if they had high signal
intensities on conventional DWI. The signal intensity
of DWI includes both restricted diffusion and the
effect of tissues with high T2 relaxation times, which
is called the “T2 shine-through” effect. This might
be why hemangiomas and cysts sometimes have high
signal intensities on DWI. In any case, those results
will be useful for differential diagnosis of malignant
and benign focal hepatic lesions. For large lesions,
however, the ADC was often markedly inhomogeneous
on the locations and slices in the lesion. ADCs also
seem to differ according to the machine used, the setup conditions of the machine, and each human body[24].
Thus, ADC must be carefully used in the evaluation of
lesion characteristics.
A few malignant lesions could not be visualized by
DWI in our study. These lesions were mainly located on
the left lobe, just under the diaphragm. DWI is known
to be extremely sensitive to motion. During clinical
image interpretation of MRI, a signal drop is often
encountered in the lateral segment of the liver, which
is assumed to be due to cardiac pulsation. Not only
the signal intensity of DWI, but also ADC, is thought
to be incorrect for the lateral segment just under the
diaphragm[12,23,25]. Further studies need to be conducted
to better understand the characteristics of DWI.
This study had some limitations. First, the subjects
were a heterogeneous group, and the number of cases
was relatively small. Second, histological proofs were not
completely obtained, especially for the benign lesions.
Therefore, the sensitivities and specificities of DWI
cannot be reported here. Third, placement of the region
of interest cursor might not be objective enough for
measuring ADC and RCR. Additionally, inhomogeneity
of hepatic lesions and motion may have affected the
accuracy of the calculations, because the DWI was
acquired with free breathing[25].
Despite these limitations, we believe that DWI is a
very useful imaging modality for identifying malignant
focal lesions in the liver. Recently, a new MRI contrast
medium, gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA), has been used for
diagnosis of HCC. We plan to combine both Gd-EOB-
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DTPA and DWI for diagnosing focal hepatic lesions.
In conclusion, DWI is a simple and sensitive method
for screening focal hepatic lesions. SPIO administration
can effectively improve the RCR of metastatic liver
cancers. ADC measurement is occasionally helpful for
differential diagnosis of malignant and benign small
focal hepatic lesions.
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Screening, accurate detection and characterization of focal hepatic lesions are
important for planning treatment of malignant hepatic lesions. Recently, some
studies have reported that the apparent diffusion coefficient (ADC), which is
one of calculated parameters of diffusion-weighted imaging (DWI), might be
useful for differential diagnosis of benign and malignant lesions in the liver.
Superparamagnetic iron oxide (SPIO) has been reported to further improve
the performance of DWI of the liver because SPIO reduces the signal in
normal liver parenchyma. This study aimed to evaluate the usefulness of DWI
in screening and differential diagnosis of benign and malignant focal hepatic
lesions.
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In some previous studies,the ADC of benign lesions, such as hepatic cysts and
hemangiomas, was reported to be higher than that of malignant lesions, such
as hepatocellular carcinoma and metastasis. However, ADC seems differ according to the machine used, the set-up conditions of the machine, and each
human body. In this study, the authors compared ADC of focal hepatic lesions
with its surrounding hepatic parenchyma for this differential diagnosis. Only a
few studies have statistically evaluated the contrast changes in focal hepatic
lesions after SPIO administration.
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This is the first report indicating that these simple ADC and RCR patterns are
useful for the differential diagnosis of benign and malignant focal hepatic lesions.

Applications

DWI can be used for differential diagnosis of focal hepatic lesions using calculation of ADC or RCR after SPIO administration. This is a simple and concise
method that is easily available, not only to the radiologist, but also the physician
and surgeon. DWI also should become a good diagnostic tool for other intraabdominal organs.

Terminology

Diffusion is the thermally induced motion of water molecules, which is also referred to as Brownian motion. DWI is a new magnetic resonance imaging (MRI)
technique that provides images of the diffusion in biological tissues. The ADC
is a quantitative parameter calculated from DWI and it combines the effects of
capillary perfusion and water diffusion in the extracellular extravascular space.
SPIO is a liver-specific particulate MRI contrast agent that is taken up by the
reticuloendothelial system of the liver and improves the focal hepatic lesion-toliver contrast-to-noise ration and hepatic tumor detection.
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This is a retrospective study. The authors presented the results of their study
and they reviewed the literature related with this subject. As a conclusion; the
authors recommended that DWI by MR was a simple, sensitive and useful
method for screening focal hepatic lesions and their differential diagnosis.

10

11
12

13

14

15
16

REFERENCES
1

2

Le Bihan D, Breton E, Lallemand D, Aubin ML, Vignaud J,
Laval-Jeantet M. Separation of diffusion and perfusion in
intravoxel incoherent motion MR imaging. Radiology 1988;
168: 497-505
Sorensen AG, Buonanno FS, Gonzalez RG, Schwamm
LH, Lev MH, Huang-Hellinger FR, Reese TG, Weisskoff
RM, Davis TL, Suwanwela N, Can U, Moreira JA, Copen
WA, Look RB, Finklestein SP, Rosen BR, Koroshetz WJ.
Hyperacute stroke: evaluation with combined multisection
diffusion-weighted and hemodynamically weighted echoplanar MR imaging. Radiology 1996; 199: 391-401

17

18

5811

Warach S, Chien D, Li W, Ronthal M, Edelman RR. Fast
magnetic resonance diffusion-weighted imaging of acute
human stroke. Neurology 1992; 42: 1717-1723
Moseley ME, Kucharczyk J, Mintorovitch J, Cohen Y,
Kurhanewicz J, Derugin N, Asgari H, Norman D. Diffusionweighted MR imaging of acute stroke: correlation with
T2-weighted and magnetic susceptibility-enhanced MR
imaging in cats. AJNR Am J Neuroradiol 1990; 11: 423-429
Ichikawa T, Haradome H, Hachiya J, Nitatori T, Araki T.
Diffusion-weighted MR imaging with single-shot echoplanar imaging in the upper abdomen: preliminary clinical
experience in 61 patients. Abdom Imaging 1999; 24: 456-461
Takahara T, Imai Y, Yamashita T, Yasuda S, Nasu S, Van
Cauteren M. Diffusion weighted whole body imaging with
background body signal suppression (DWIBS): technical
improvement using free breathing, STIR and high resolution
3D display. Radiat Med 2004; 22: 275-282
Gourtsoyianni S, Papanikolaou N, Yarmenitis S, Maris
T, Karantanas A, Gourtsoyiannis N. Respiratory gated
diffusion-weighted imaging of the liver: value of apparent
diffusion coefficient measurements in the differentiation
between most commonly encountered benign and
malignant focal liver lesions. Eur Radiol 2008; 18: 486-492
Strotzer M, Gmeinwieser J, Schmidt J, Fellner C, Seitz J,
Albrich H, Zirngibl H, Feuerbach S. Diagnosis of liver
metastases from colorectal adenocarcinoma. Comparison of
spiral-CTAP combined with intravenous contrast-enhanced
spiral-CT and SPIO-enhanced MR combined with plain MR
imaging. Acta Radiol 1997; 38: 986-992
Vogl TJ, Schwarz W, Blume S, Pietsch M, Shamsi K, Franz
M, Lobeck H, Balzer T, del Tredici K, Neuhaus P, Felix R,
Hammerstingl RM. Preoperative evaluation of malignant
liver tumors: comparison of unenhanced and SPIO
(Resovist)-enhanced MR imaging with biphasic CTAP and
intraoperative US. Eur Radiol 2003; 13: 262-272
Naganawa S, Sato C, Nakamura T, Kumada H, Ishigaki T,
Miura S, Maruyama K, Takizawa O. Diffusion-weighted
images of the liver: comparison of tumor detection before
and after contrast enhancement with superparamagnetic
iron oxide. J Magn Reson Imaging 2005; 21: 836-840
Kwiat D, Einav S, Navon G. A decoupled coil detector array
for fast image acquisition in magnetic resonance imaging.
Med Phys 1991; 18: 251-265
Nasu K, Kuroki Y, Sekiguchi R, Kazama T, Nakajima H.
Measurement of the apparent diffusion coefficient in the
liver: is it a reliable index for hepatic disease diagnosis?
Radiat Med 2006; 24: 438-444
Yamada I, Aung W, Himeno Y, Nakagawa T, Shibuya H.
Diffusion coefficients in abdominal organs and hepatic
lesions: evaluation with intravoxel incoherent motion echoplanar MR imaging. Radiology 1999; 210: 617-623
Kim T, Murakami T, Takahashi S, Hori M, Tsuda K,
Nakamura H. Diffusion-weighted single-shot echoplanar
MR imaging for liver disease. AJR Am J Roentgenol 1999; 173:
393-398
Rohren EM, Turkington TG, Coleman RE. Clinical
applications of PET in oncology. Radiology 2004; 231: 305-332
Kim YK, Kwak HS, Han YM, Kim CS. Usefulness of
combining sequentially acquired gadobenate dimeglumineenhanced magnetic resonance imaging and resovistenhanced magnetic resonance imaging for the detection
of hepatocellular carcinoma: comparison with computed
tomography hepatic arteriography and computed
tomography arterioportography using 16-slice multidetector
computed tomography. J Comput Assist Tomogr 2007; 31:
702-711
Nasu K, Kuroki Y, Nawano S, Kuroki S, Tsukamoto T,
Yamamoto S, Motoori K, Ueda T. Hepatic metastases:
diffusion-weighted sensitivity-encoding versus SPIOenhanced MR imaging. Radiology 2006; 239: 122-130
Parikh T, Drew SJ, Lee VS, Wong S, Hecht EM, Babb JS,

www.wjgnet.com

5812

19

20

21

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Taouli B. Focal liver lesion detection and characterization
with diffusion-weighted MR imaging: comparison with
standard breath-hold T2-weighted imaging. Radiology 2008;
246: 812-822
Lewin M, Poujol-Robert A, Boelle PY, Wendum D, Lasnier
E, Viallon M, Guechot J, Hoeffel C, Arrive L, Tubiana
JM, Poupon R. Diffusion-weighted magnetic resonance
imaging for the assessment of fibrosis in chronic hepatitis C.
Hepatology 2007; 46: 658-665
Girometti R, Furlan A, Bazzocchi M, Soldano F, Isola M,
Toniutto P, Bitetto D, Zuiani C. Diffusion-weighted MRI
in evaluating liver fibrosis: a feasibility study in cirrhotic
patients. Radiol Med 2007; 112: 394-408
Taouli B, Tolia AJ, Losada M, Babb JS, Chan ES, Bannan
MA, Tobias H. Diffusion-weighted MRI for quantification of
liver fibrosis: preliminary experience. AJR Am J Roentgenol

22
23

24
25

December 14, 2009

Volume 15

Number 46

2007; 189: 799-806
Koyama T, Tamai K, Togashi K. Current status of body MR
imaging: fast MR imaging and diffusion-weighted imaging.
Int J Clin Oncol 2006; 11: 278-285
Bruegel M, Holzapfel K, Gaa J, Woertler K, Waldt S, Kiefer
B, Stemmer A, Ganter C, Rummeny EJ. Characterization of
focal liver lesions by ADC measurements using a respiratory
triggered diffusion-weighted single-shot echo-planar MR
imaging technique. Eur Radiol 2008; 18: 477-485
Kuroki Y, Nasu K, Nawano S, Sekiguchi R. Diffusionweighted MR imaging of the liver. Nichidoku-iho 2007; 52:
72-81
Nasu K, Kuroki Y, Sekiguchi R, Nawano S. The effect of
simultaneous use of respiratory triggering in diffusionweighted imaging of the liver. Magn Reson Med Sci 2006; 5:
129-136
S- Editor Wang JL

www.wjgnet.com

L- Editor Stewart GJ

E- Editor Ma WH

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.15.5813

			 

World J Gastroenterol 2009 December 14; 15(46): 5813-5820
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

ORIGINAL ARTICLE

NT4(Si)-p53(N15)-antennapedia induces cell death in a
human hepatocellular carcinoma cell line

Li-Ping Song, Yue-Ping Li, Ning Wang, Wei-Wei Li, Juan Ren, Shu-Dong Qiu, Quan-Ying Wang,
Guang-Xiao Yang
Li - P i n g S o n g , N i n g Wa n g , We i -We i L i , J u an Re n,
Department of Radiotherapy Oncology, First Hospital, Medical
School of Xi’an Jiao Tong University, Xi’an 710061, Shaanxi
Province, China
Yue-Ping Li, Center for Reproductive Medicine, Affiliated
Hospital of Hainan Medical College, Haikou 570102, Hainan
Province, China
Shu-Dong Qiu, Department of Anatomy and Histology &
Embryology, Medical school of Xi’an Jiao Tong University,
Xi’an 710061, Shaanxi Province, China
Quan-Ying Wang, Guang-Xiao Yang, Xi’an Huaguang
Bioengineering Co, Xi’an 710061, Shaanxi Province, China
Author contributions: Song LP designed the research; Song
LP, Li YP, Li WW and Wang N performed the research; Qiu SD,
Wang QY and Yang GX provided the new reagents, analytical
tools, and analyzed the data; Song LP, Li YP, Wang N, Li WW
and Ren J wrote the paper.
Supported by The National Natural Science Foundation of
China, No. 30471942 and the Key Science Research Project of
Shaanxi Province, No. 2004k11-G3
Correspondence to: Li-Ping Song, MD, PhD, Department
of Radiotherapy Oncology, First Hospital, Medical School of
Xi’an Jiao Tong University, Xi’an 710061, Shaanxi Province,
China. slpwn@126.com
Telephone: +86-29-85324029 Fax: +86-29-85323187
Received: September 20, 2009 Revised: November 5, 2009
Accepted: November 12, 2009
Published online: December 14, 2009

Abstract
AIM: To construct the recombinant lentivirus expression
plasmid, pLenti6/V5-NT4 p53 (N15)-antennapedia (Ant),
and study its effect on HepG2 cells.
METHODS: Plasmid pLenti6/V5-NT4 p53 (N15)-Ant
was constructed incorporating the following functional
regions, including signal peptide sequence and proregion of neurotrophin 4, N-terminal residues 12-26 of
p53 and 17 amino acid drosophila carrier protein, Ant.
Hepatocellular carcinoma (HepG2) cells were used for
transfection. 3-[4,5-dimethyl-thiazol-2yl]-2,5 diphenyl
tetrazolium bromide (MTT) assay, lactate dehydrogenase
(LDH) release assay, transmission electron microscopy
(TEM) and flow cytometric analysis (FCM) were
employed to investigate the effects of LV-NT4(Si)p53 (N15)-Ant in vitro on HepG2 cells. In vivo experiment
was also performed to investigate the inhibitory effect of
LV-NT4(Si)-p53 (N15)-Ant on tumor growth in nude mice.

RESULTS: LV-NT4(Si)-p53 (N15)-Ant significantly
suppressed the growth of HepG2 cells. MTT assay
showed that the growth of HepG2 cells was mucj more
significantly inhibited by LV-NT4(Si)-p53 (N15)-Ant than
by LV-EGFP. The inhibition rate for HepG2 cell growth in
the two groups was 46.9% and 94.5%, respectively, 48
h after infection with LV-NT4(Si)-p53(N15)-Ant, and was
33.9% and 95.8%, respectively, 72 h after infection with
LV-NT4(Si)-p53 (N15)-Ant (P < 0.01). Light microscopy
and TEM showed morphological changes in HepG2
cells infected with LV-NT4(Si)-p53(N15)-Ant, but no
significant changes in HepG2 cells infected with LV-EGFP.
Changes were observed in ultra-structure of HepG2 cells
infected with LV-NT4(Si)-p53(N15)-Ant, with degraded
membranes, resulting in necrosis. LDH release from
HepG2 cells was analyzed at 24, 48, 72 and 96 h after
infection with LV-NT4(Si)-p53( N15)-Ant and LV-EGFP,
which showed that LDH release was significantly higher
in LV-NT4(Si)-p53(N15)-Ant treatment group (682 IU/L)
than in control group (45 IU/L, P < 0.01). The longer the
time was after infection, the bigger the difference was
in LDH release. FCM analysis showed that LV-NT4(Si)p53 (N15)-Ant could induce two different kinds of cell
death: necrosis and apoptosis, with apoptosis being the
minor type and necrosis being the main type, suggesting
that LV-NT4(Si)-p53( N15)-Ant exerts its anticancer effect
on HepG2 cells by inducing necrosis. The in vivo study
showed that LV-NT4(Si)-p53 (N15)-Ant significantly
inhibited tumor growth with an inhibition rate of 66.14%
in terms of tumor size and weight.
CONCLUSION: LV-NT4(Si)-p53 (N15)-Ant is a novel
recombinant lentivirus expression plasmid and can be
used in gene therapy for cancer.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common causes of death worldwide, especially in Asian
countries[1]. To date, none of the conventional treatment
modalities can completely eradicate HCC cells. In
recent years, gene therapy has been evaluated as a novel
treatment modality for HCC [2-5], while conventional
treatment modalities, including surgery, chemotherapy
and liver transplantation, are still used[6-8].
p53 is an important tumor suppressor gene which
regulates many important cellular activities, including
apoptosis. Mutations and deletions of the p53 gene are
common in HCC in a number of geographic regions. Since
the mutation incidence ranges 5%-50%, p53 has become
an ideal target for gene therapy. Kanovsky et al[9] and Do
et al [10] reported that a p53 peptide, synthesized from
residues 12-26 and fused with the Drosophila carrier
protein antennapedia (Ant), can induce rapid tumor
cell necrosis in all breast and pancreatic cancer cell lines
irrespective of its status and exhibits a low cytotoxicity to
normal cells, which is uncommonly observed in traditional
cancer therapy. Human HCC cell line, HepG2, contains the
wild-type p53 gene and can thus be used in research of the
relation between HCC and p53 peptide gene therapy.
It is important to study the transfer of fusion gene
and the secretion of expressed protein for the assessment
of enhanced cancer-killing effects of a protein. In this
study, NT4 signal peptide and its pro-region were used as
the regions responsible for protein and peptide secretion
from cells. Lentivirus gene expression plasmids were
constructed for NT4(Si)-ADNF-9 and NT4(Si)-NAP
fusion proteins containing the NT4 signal peptide and proregion to enhance their expression. The restriction enzyme
site NaeI at the NT4 signal peptidase fissure site and two
restriction enzyme sites, BamHⅠ and XhoⅠ, in NT4(Si)p53(N15)-Ant could ensure the correct construct. A novel
recombinant lentivirus expression plasmid, pLenti6/V5NT4 p53(N15)-Ant, was constructed, containing a signal
peptide sequence and pro-region of neurotrophin 4 (NT4)
fused to p53(N15)-Ant peptide. Its effect on HepG2 cells,
both in vitro and in vivo, was investigated.

MATERIALS AND METHODS
Cells and cell culture
Human hepatoma HepG2 cells containing wild-type
p53 were cultured in RPMI 1640 containing 10% fetal
bovine serum (FBS). 293T human kidney cells were
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grown in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS, 100 U/mL penicillin
and 100 μg/mL streptomycin at 37℃ in a humidified
atmosphere containing 50 mL/L CO2. All cell lines were
supplied by Xi’an Huaguang Bioengineering Company
(Xi’an, China).
Plasmid construction and virus titration
p53(N15)-Ant was synthesized by Beijing Sun Biote
chnology Co, according to Kanovsky et al[9] and Genbank.
Two restriction enzyme sites (NaeⅠ and XhoⅠ)
were introduced upstream and downstream of this sequence,
respectively. p53(N15)-Ant was subcloned into pGEMT-easy for sequencing, then into pBV220/NT4. Signal
peptide sequence and pro-region of NT4 were cloned
from human genomic DNA and subcloned into the
BamHⅠ/NaeⅠsites of pBV220. After digestion with
restriction enzymes, the resulting NT4 p53(N15)-Ant gene
with BamHⅠand XhoⅠsites from the pBV220/NT4p53-(N15)-Ant plasmid was inserted into the multiple
cloning site of the expression plasmid, pLenti6/V5-DTOPO (Invitrogen) containing a cytomegalovirus (CMV)
promoter, upstream of the inserted gene. The resulting
plasmid was named pLenti6/V5-NT4 p53(N15)-Ant.
To generate a control plasmid containing green fluo
rescent protein, EGFP was amplified from EGFP-C2 by
PCR. The sequences of sense and anti-sense primers are
5'CGGGATCCATGGTGAGCAAGGGCGAGG-3' and
5'CGCTCGAGTCAAGTCCGGCCGGACTTGTAC-3',
respectively. The resultant PCR fragments were digested
with BamHⅠ and XhoⅠ (underlined), subcloned into
pLenti6/V5-D-TOPO, and verified by DNA sequencing.
The four-plasmid-based lentiviral expression system was
purchased from Invitrogen. Briefly, four kinds of plasmid
including 4.2 μg of pLP1, 2 μg of pLP2, 2.8 μg of pLP/
VSVG and 3 μg of lentivector pLenti6/V5-NT4 p53(N15)Ant or pLenti6/EGFP, were cotransfected into 293T cells
using the calcium phosphate coprecipitation method. The
conditioned medium was harvested 72 h after transfection
and filtered through a 0.45 μm filter. Concentrated viral
stocks were prepared by ultra-centrifugation of 3 mL
conditioned medium at 50 000 g for 1.5 h at 4℃ in a
SW41 rotor (Beckman). The pellet was resuspended in
30 μL complete medium and stored at -80℃. The resulting
recombinant lentivirus was named LV-NT4 p53(N15)-Ant
and LV-EGFP, respectively.
Viral titer was measured by assessing the viral p24
antigen concentration using ELISA (Beckman Coulter,
Fullerton, California, USA), showing that one microgram
per milliliter of p24 corresponds to approximately 2 × 106
transducing units per milliliter of EGFP virus, as assessed
by titration in 293 T cells.
Lentivirus- mediated gene transfer and expression in
HepG2 cells
HepG2 cells were seeded into 6-well plates at a density
of 1 × 106 cells/well, allowed to adhere for 24 h, and
then infected with EGFP lentivirus at multiplicities
of infection (MOI) of 4 transducing units (TU)/cell.
EGFP-positive cells were observed and counted under a
fluorescence microscope 48 h after infection.
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Expression of the NT4 p53(N15)-Ant gene was detected
by reverse transcription-polymerase chain reaction (RTPCR). HepG2 cells were seeded in 100 mL culture flasks
at a density of 1 × 106 cells/flask and infected with NT4p53(N15)-Ant lentivirus at a MOI of 4 TU/cell. Forty-eight
hours after infection, HepG2 cells were scraped from the
flask surface with a brush (Paro-Isola, Thalwil, Switzerland).
Total RNA was extracted using Trizol reagent (Gibco). A
reverse transcription (RT) step was carried out for 60 min at
37℃ using 1 μg total RNA treated with DNase and M-MLV
reverse transcriptase (Invitrogen, USA) in the presence of
random primers. PCR was performed in 50 μL reaction
volume containing 10 μL (about 2.5 ng) cDNA, 1 μL of 10
mmol/L dNTP, 1 U of Taq DNA polymerase, 5 μL of 10
× Taq buffer, and 1 μL 50 pmol of forward primer (5'-CG
GATCCATGCTCCCTCTCCCCTCATGC-3') and reverse
primer (5'-CCTCGAGTCATCCGCGCTGTACCTTTACC
-3') of the NT4 p53(N15)-Ant gene. Samples were subjected
to RT-PCR at the following conditions: pre-denaturation for
5 min at 94℃, followed by 30 cycles of denaturation for 60 s
at 94℃, annealing for 60 s at 60℃, extension for 90 s at
72℃, and a final extension for 5 min at 72℃. The RT-PCR
products were separated by electrophoresis on 2% agarose
gels (Qiagen, USA).
Immunohistochemical detection of p53(N15)-Ant
expression in lung cancer H1299 cells
H1299 cells (null for p53) were seeded onto cover slips
and infected with LV-NT4(Si)-p53(N15)-Ant at a MOI of
4 TU/well. Polybrene was added to a final concentration
of 8 μ g/mL. Twelve hours after infection, 2 mL of
a new DMEM medium was added. Forty-eight hours
after infection, H1299 cells were washed and fixed with
cold acetone. Protein expression of p53(N15)-Ant in
H1299 cells was determined by immunocytochemical
staining with anti-p53 antibody (DO-1) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) using the Vectastain
Elite ABC kit following its manufacturer’s instructions
(Vector Laboratories, Burlingame, CA, USA).
MTT assay
To determine the effect of lentivirus-NT4(Si)-p53(N15)Ant on HCC, HepG2 cells were seeded in 96-well plates at
a concentration of 5 × 103 cells, grown for 24 h, infected
with lentivirus-NT4(Si)-p53(N15)-Ant or lentivirus-EGFP
at a MOI of 4 TU/cell with polybrene (8 μg/mL) for 12 h.
The culture medium was then replaced with a fresh
medium. MTT assay was performed at different time points
(24, 48 and 72 h) after infection with lentivirus according to
its manufacturer’s instructions (Xi’an, China).
Examination of HepG2 cell morphology under light
microscope
After infection with NT4(Si)-p53(N15)-Ant, morphology
of HepG2 cells was observed under an inverted light
microscope and recorded.
Examination of ultra-structure of HepG2 cells under
electron microscope
Forty-eight hours after infection with NT4(Si)-p53(N15)Ant, HepG2 cells were trypsinized, fixed with 2.5% glutara
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ldehyde for 2 h at 4℃, washed with 0.1 mol/L dimethyl
arsenic trioxide buffer, fixed with 1% osmium acid for 2 h,
dehydrated, and then embedded in 618 domestic epoxy
resin, followed by polymerization for 24 h. The embedded
block was cut into ultra-thin sections. The sections were
double stained with uranyl acetate and lead citrate, and
observed under a transmission electron microscope.
LDH release assay
To determine LDH leakage into the extra-cellular fluid,
supernatant was collected at different time points (24,
48, 72, and 96 h) after infection with NT4(Si)-p53(N15)Ant. LDH in the supernatant was detected with a
RA-100 automatic biochemical analyzer.
Annexin V and PI double staining
When HepG2 cells were grown to 2 × 105/mL, they were
seeded into 9-well plates at a volume of 3 mL/well, and
left to adhere for 24 h. The cells were then divided into
control group and lentivirus treatment group. The cells in
control group were grown in a serum-free medium. Fortyeight hours after infection with lentivirus, the cells were
washed twice with PBS at 4℃, re-suspended in 250 μL of
a combination buffer solution, and the cell concentration
was adjusted to 1 × 105/mL. Five microliter of Annexin
V/FITC and 5 μL of 20 μg/mL propidium iodide were
added to 100 μL of cell suspension. After incubation
in the dark for 15 min, the cells were analyzed by flow
cytometry (FCM).
Inhibition of HepG2 cells in nude mice by LV-NT4(Si)p53(N15)-Ant
Twenty 6-8 wk old male and female BALB/c (nu/nu)
mice, weighing 20.3 ± 2 g, were purchased from
Laboratory Animal Center, Fourth Military Medical
University (Xi’an, China).
HepG2 cells (2 × 105) were injected subcutaneously
on the right side of each mouse’s back to induce tumor
formation. The animals were divided into three groups
when the tumor volume reached 30 mm3 with 0.1 mL LVNT4(Si)-p53(N15)-Ant (2 × 106 TU/mL) injected into
their tumor. Mice treated with PBS and LV-EGFP served
as controls with 0.1 mL LV-EGFP (2 × 106 TU/mL)
injected into their tumor (injection at different directions).
Infection efficiency of lentivirus was observed under
a confocal laser scanning microscope one week after
infection.
The animals were sacrificed 3 wk after injection of
lentivirus. Tumors were removed and weighed with their
size measured using a vernier caliper and their volume
calculated according to the following formula: (3.14 × L
× W × H)/6. Tumors were fixed in 4% formaldehyde and
embedded in paraffin. Tumor tissue was cut into 5-μm
thick sections which were stained with HE.
Tumor growth inhibition rate = (A-B)/A * K, where
A is the average tumor weight of control group, B is the
average tumor weight of treatment group, K represents
100%.
Statistical analysis
The data were expressed as mean ± SD. LDH release and
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Figure 1 Packaging system of LV-NT4(Si)-p53(N15)-Ant and LV-EGFP.
The packaging system: lentiviral vector, pLenti6/V5-D-TOPO, contains HIV-1
5'LTR, packaging signal (ψ), RRE sequence, CMV promoter and 3'LTR from
which some regulatory sequences are deleted, resulting in “self-inactivation”
of lentivirus after transduction of the target cells. pLP1, pLP2 and pLP/VSVG
are three helper plasmids, which provide structural and replication proteins to
produce lentivirus.

MTT were analyzed by t-test and χ2 test, respectively. The
data for animal experiment were processed by analysis
of variance. Data analysis was performed using the SPSS
15.0. P < 0.05 was considered statistically significant.

RESULTS
Construction of lentivirus vector expressing NT4p53(N15)-Ant or EGFP
The lentivirus expression vector, pLenti6 V5-D-TOPO
we constructed, contains the elements required for virion
packaging, such as 5’ and 3’ long terminal repeats and y
packaging signal. The packaging system of LV-NT4(Si)p53(N15)-Ant and LV-EGFP is shown in Figure 1.
The DNA sequence of the p53(N15)-Ant gene was
identical to those of p53(N15) and 17 amino acid Ant [9].
The length of NT4-p53(N15)-Ant was 349 bp, including a
247 bp fragment of the signal peptide sequence and proregion of neurotrophin 4 with the two restriction sites
(BamHⅠ and NaeⅠ). The DNA fragment of p53(N15)Ant was 108 bp with NaeⅠ and XhoⅠ. Digestion of
pLenti6/V5-NT4-p53(N15)-Ant with BamHⅠ and NaeⅠ
followed by electrophoresis verified that the NT4p53(N15)-Ant secretory expression cassette was correctly
inserted into the multiple cloning site (MCS) of pLenti6/
V5-D-TOPO, and pLenti6/V5-EGFP was confirmed in
the same way as pLenti6/V5-NT4-p53(N15)-Ant.
Gene transfer and lentivirus expression in HepG2 cells
Fluorescent microscopic analysis showed that EGFP
was expressed in over 60% of HepG2 cells 48 h after
infection with pLenti6/V5-EGFP at a MOI of 4 TU/cell
(Figure 2A and B).
Expression of NT4-p53(N15)-Ant in lentivirus- delivered
H1299 cells
Since H1299 cells lack of the p53 gene (null-p53),
H1299 lung cancer cells were used as target cells for the
expression of p53(N15)-Ant. p53 protein could not be
detected with immunohistochemical staining before or
after infection with LV-EGFP (Figure 2C). However, 48 h
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after infection with LV-NT4(Si)-p53(N15)-Ant, p53
protein was mainly expressed in cytoplasm of H1299 lung
cancer cells (Figure 2D). Anti-DO-1 could identify and
bind to amino acids 11-25 of p53, suggesting that LVNT4(Si)-p53(N15)-Ant can effectively infect the target
cells and express the p53 fusion peptide.
Killing effect of lentivirus-NT4 p53(N15)-Ant on HepG2
cells in vitro
HepG2 cells, infected with pLenti6/V5-NT4-p53(N15)Ant in our study, were significantly killed, whereas
pLenti6/V5–EGFP had no effect on cell viability,
suggesting that growth of HepG2 cells can be inhibited
by the transferred exogenous gene rather by viral toxicity
(Figure 3).
Morphological changes in HepG2 cells observed under
light microscope
Significant morphological changes were observed in
HepG2 cells at different time points after infection with
LV-NT4(Si)-p53(N15)-Ant but not after infection with
LV-EGFP and LV-NT4(Si)-p53(N15)-Ant (Figure 4).
However, the cells became swollen and their boundary was
blurred 48 h after infection with LV-NT4(Si)-p53(N15)Ant, while their viability was significantly declined with
noticeable cell shrinkage, fragments and detachment 72 h
after infection with LV-NT4(Si)-p53(N15)-Ant, but with
out significant morphological changes 72 h after infection
with LV-EGFP infection.
Changes in ultra-structure of HepG2 cells observed
under electron microscope
Forty-eight hours after infection with LV-EGFP, the
membranes and nuclear membranes of HepG2 cells were
intact with some crimples in the nuclear membranes,
some microvilli on the surface of HepG2 cells, normal
structure of mitochondria and ER (Figure 5A), and 2
completely divided HepG2 cells (Figure 5B), suggesting
that LV-EGFP has no significant effect on cell growth
and division. Forty-eight hours after infection with LVNT4(Si)-p53(N15)-Ant, significant changes in ultrastructure of HepG2 cells, as well as in cell membranes and
mitochondria, were observed under electron microscope.
Cell membranes were incomplete with several fractures
and the cells appeared to leak contents. Mitochondria were
swollen with vacuolization. Vacuoles were also seen under
the nuclear membrane with bare nuclei (Figure 5C and D).
These findings suggest that NT4(Si)-p53(N15)-Ant may
exert its anticancer effect mainly by inducing necrosis of
cell membranes.
Determination of LDH release
LDH was significantly increased in LV-NT4(Si)-p53(N15)Ant treatment group, but not in LV-EGFP treatment
group, with no significant difference between the two
groups. The longer the time was after the infection, the
greater the difference was between the groups, suggesting
that cell membranes are damaged.
Annexin V-PI double staining
Flow cytometry (FCM) was employed to detect the

www.wjgnet.com

Song LP et al . Effects of NT4(Si)-p53(N15)-Ant on HepG2 cells

A

bp

B

5817
1

2

3

750
600
400
300

C

D

LVEGFP

N-NT4(Si)-p53(N15)-Ant

rate of tumor growth for LV-NT4(Si)-p53(N15)-Ant
was 66.14%.

LV-EGFP
LV-NT4(Si)-p53(N15)-Ant
120
HepG2 cell viability
(% of control)

Figure 2 Fluorescent micros
copic analysis and immuno
histochemical staining. Fluore
scence microscopy analysis
showing EGFP expression in
HepG2 cells (A), agarose gel
electrophoresis of RT-PCR
products from HepG2 cells (B)
[lane 1: 1.0 kb DNA ladder;
lane 2: RT-PCR products from
cells infected with LV-NT4(Si)p53(N15)-Ant; lane 3: negative
controls infected with LV-EGFP],
immunohistochemical staining
showing no p53 protein (C),
and p53 protein expression in
cytoplasm of HepG2 cells (D)
48 h after infection with LVNT4(Si)-p53(N15)-Ant.

100

DISCUSSION

80
60

b

40
20
0

0

24
48
Time after infection (h)

72

Figure 3 Cytotoxicity of LV-NT4(Si)-p53(N15)-Ant to HepG2 cells at
different time points (24, 48 and 72 h) after infection with lentivirus. bP <
0.01 vs LV-EGFP.

fluorescence intensity after HepG2 cells were doublestained with Annexin V and PI. A plot composed of 4
quadrants was detected by flow cytometry, which showed
that the number of necrotic cells was significantly greater
in LV-NT4(Si)-p53(N15)-Ant treatment group than in
LV-EGFP treatment group 48 h after infection with
lentivirus. The apoptosis level was also higher in cells
expressing LV-p53(N15) than in controls. However, the
number of necrotic cells was still much greater than that
of apoptotic cells (Figure 6), suggesting that the NT4(Si)p53(N15)-Ant gene kills tumor cells mainly by inducing
necrosis of cell membrane.
Inhibition of HepG2 cell growth in nude mice by LVNT4(Si)-p53(N15)-Ant
Nude mice developed tumor mass within 10 d after
inoculation with HepG2 cells. Three weeks after
infection with lentivirus, the size and weight of tumor
mass were measured (Figure 7A and B). The inhibition

p53 protein plays an essential role in cell activities[11,12].
Under various stress conditions, such as genotoxic
damage, hypoxia, ribonucleotide depletion or oncogene
activation, p53 molecule accumulates and is activated.
Activated p53 acts as a transcription factor and activates
or represses a variety of genes involved in cell-cycle
regulation, induction of apoptosis or senescence.
Therefore, the p53 gene represents an ideal target for
cancer therapy. In non-stressed cells, p53 protein is
present at a very low cellular concentration, because it
interacts with the hdm2 protein, the human analogue of
murine mdm2, which acts as a ligase of ubiquitin[13,14]
and promotes p53 degradation [9,10]. Recent advances
in regulation of p53 by hdm2 offer the possibility of
generating new anticancer agents that activate wildtype p53 in tumors. Since hdm2 down-regulates
p53, inhibition of this interaction would lead to an
accumulation of p53 in tumor cells, eventually inducing
their death [10,15]. p53(N15)-Ant has been considered
a novel cancer therapeutic peptide because it induces
cancer cell death and does not seem to be cytotoxic
to normal cells and may, therefore, prove useful as a
general anticancer agent. In this study, we focused on
how to improve the anticancer effect of peptide therapy
by employing two strategies. The first was to enable the
expressed therapeutic peptide to be secreted, and the
second was to use the lentivirus gene transfer system.
It is well-known that the signal peptide is located at
the terminal of amino acid sequence of a secreted
protein and plays an important role in protein targeting
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Figure 4 Morphological changes
in HepG2 cells 24 h (A), 48 h (B),
72 h (C) after infection with LVNT4(Si)-p53(N15)-Ant and 72 h
(D) after infection with LV-EGFP
(× 400).

Figure 5 Ultra-structure of HepG2 cells 48 h after
infection with LV-EGFP (A, B) and LV-NT4(Si)-p53
(N15)-Ant (C, D) (× 5000). A: Forty-eight hours after
LV-EGFP infection, the cell membranes and nuclear
membranes of HepG2 cells were intact; there were
some crimples in the nuclear membranes and some
microvilli on the surface of cells. The structure of
mitochondria and ER was normal; B: Forty-eight hours
after LV-EGFP infection, there were two HepG2
cells which had just completed division and this
phenomenon suggested that LV-EGFP did not have a
significant effect on cell growth and division; C: Fortyeight hours after LV-NT4(Si)-p53(N15)-Ant infection, it
can be seen that cell membranes were incomplete and
several fractures (arrows) were seen. Cell contents also
appeared to be leaking. Mitochondria were swollen and
showed vacuolization. Vacuoles were also seen under
the nuclear membrane (arrowhead); D: Forty-eight
hours after LV-NT4(Si)-p53(N15)-Ant infection, the
remaining bare nuclei (arrow), after cytoplasm collapse
can be seen.

and translocation in both prokaryotic and eukaryotic
cells. NT4 is a member of the neurotrophin family,
involved in controlling survival and differentiation of
vertebrate neurons[16]. Besides the common features of
neurotrophins, NT4 has many unusual features. Unlike
other neurotrophins, the expression of NT4 is ubiquitous
and less influenced by environmental signals[17]. In the
present study, NT4 structure analysis showed that the
human NT4 initiation codon was followed by a signal

peptide sequence, a pro-region and an apparent dibasic
cleavage site, which was followed by the sequence of
the mature NT4. The signal peptide sequence and proregion of human NT4 are notably shorter (by = 243 bp)
than those of other neurotrophins[18]. In our previous
study, the pre-protein NT4 could be cleaved into the
signal peptide and the mature protein by Escherichia coli
(E. coli) endopeptidase. There is a native NaeI enzyme
site in front of the site in the NT4 signal peptide,
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Figure 6 Flow cytometry analysis of HepG2 cells without treatment (A), 48 h after infection with LV-EGFP (B) and LV-NT4(Si)-p53(N15)-Ant (C) after stained
with Annexin V and propidium iodide. The left lower quadrant represents normal cells (An-PI-), the right lower quadrant represents early apoptotic cells (An+ PI-),
the right upper quadrant represents apoptotic cells and necrotic cells (An + PI +), the upper left quadrant represents early necrotic cells (An-PI +).
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Figure 7 Tumor growth curve (A) and tumor wet weight (B) after treatment
with LV-NT4(Si)-p53(N15)-Ant. A: Tumor growth curve after treatment with LVNT4(Si)-p53(N15)-Ant. Tumors grew rapidly in the PBS and LV-EGFP groups,
while the tumor growth was significantly inhibited in the LV-NT4(Si)-p53(N15)-Ant
group 3 wk after infection. There was no statistical significance between the PBS
group (151.0 ± 50.1 mm3) and the LV-EGFP group (128.5 ± 45.3 mm3) in terms
of tumor volume (P > 0.05). But the tumor volume in the LV-NT4(Si)-p53(N15)-Ant
group (55.1 ± 18.7 mm3) was significantly less than that of the PBS and LV-EGFP
groups (bP < 0.01); B: Tumor wet weight after treatment with LV-NT4(Si)-p53(N15)Ant. There were no significant differences in the wet weight of tumors between the
two control groups: PBS group 1.33 ± 0.93 g vs LV-EGFP group 1.27 ± 1.04 g (P
> 0.05). But the wet weight of the LV-NT4(Si)-p53(N15)-Ant treatment group (0.43
± 0.77 g) was significantly less than that of the two control groups (bP < 0.01).

thus ensuring the correct cleavage of therapeutic
peptide, and making this signal peptide sequence highly

convenient for the expression of other exogenous
peptides in a secretory manner. It has been shown that
it is not only feasible, but also improves the therapeutic
effect[19]. In this study, we successfully constructed a
LV containing the NT4(Si)-p53(N15) fusion gene with
in vitro recombinant DNA technology.
To transfer the NT4(Si)-p53(N15)-Ant gene into the
target cells and to achieve a consistent expression, selection
of the gene transfer vector is a critical step. Lentiviruses,
such as HIV and SIV, are a new generation of vectors and
have many advantages over the traditional virus vectors,
such as retroviral or adenovirus vector. These LVs can
infect both dividing and non-dividing cells and efficiently
integrate into the host DNA, thus providing stable
transgene expression over several months[20,21]. At the same
time, LV is very safe because all lentivirus accessory genes
have been removed, virus production components have
been split into 3 or 4 separate parts, and self-inactivating
deletions have been introduced into the vector[21,22]. Since
the aim of cancer gene therapy is to remove all cancer cells
including those in a precancerous stage, only extensive gene
transfer and long-term gene expression in cancer cells are
appropriate. Thus, LV has a greater promise to become an
ideal vector for gene delivery.
In this study, MTT assay showed that LV-NT4(Si)p53(N15)-Ant could significantly induce HepG2 cell death
48 h after infection, LDH was significantly increased in
the LV-NT4(Si)-p53(N15)-Ant treatment group but not
in the LV-EGFP treatment group, suggesting that the cell
membranes are damaged. Moreover, cytotoxicity occurred
in a time-dependent manner. The ultra-structure of
HepG2 cells, especially cell membranes and mitochondria,
was significantly changed after infection with LV-NT4(Si)p53(N15)-Ant, which was different from that during
apoptosis and necrosis. In addition, FCM revealed that
two cell death modes (apoptosis and necrosis) occurred
48 h after infection with LV-NT4(Si)-p53(N15)-Ant
with necrosis being common and apoptosis being rare,
revealing that LV-NT4(Si)-p53(N15)-Ant exerts its effect
on HCC mainly by inducing necrosis of cell membranes.
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This is probably related to the process of LV infection,
integration of the therapeutic gene into the host genome
and gene expression.
The in vivo study also showed that LV-NT4(Si)p53(N15)-Ant significantly inhibited tumor growth. Since
p53(N15) contains overlapping sequences from the p53
mdm-2 binding domain, p53(N15)-Ant peptide may block
the interaction of mdm-2 with other proteins. Recently,
a study investigating the secondary structure of the p53
fusion peptide has revealed that p53(N15)-Ant peptide
plays an important role in membrane interaction[15], showing
that p53(N15)-Ant peptide forms distinctive S-shape helixloop-helix structures, which can rapidly disrupt cancer cell
membranes by forming a toroidal-like pore, resulting in
necrosis. The two mechanisms exist simultaneously.
In conclusion, we have established a way to express
lentivirus-introduced p53(N15)-Ant 32-peptide. The
growth of HepG2 cells can be significantly inhibited by
LV-NT4(Si)-p53(N15)-Ant. LV-NT4(Si)-p53(N15)-Ant
gene therapy may be used as a novel anticancer strategy.
Further study on the biological characteristics of the p53
peptide is needed by transfecting LV-NT4(Si)-p53(N15)Ant into other cancer cell lines.
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Background

Peptide has emerged as a new anticancer agent in recent years. Numerous
reports suggest that many low molecular weight peptides possess an anticancer
effect but have almost no cytotoxic effect on normal cells. p53(N15)-Ant has
been considered a novel cancer therapeutic peptide because it induces cancer
cell death and does not seem to be cytotoxic to normal cells.

Research frontiers

It has been reported that p53 peptide, synthesized from residues 12-26 and
fused with Drosophila carrier protein antennapedia (Ant), induces rapid tumor
cell necrosis in all breast and pancreatic cancer cell lines tested, irrespective of
the p53 status, whereas it shows a low cytotoxicity to normal cells. In this study,
the authors constructed a novel recombinant lentivirus expression plasmid LVNT4(Si)-p53(N15)-Ant and demonstrated its anticancer effect.

Innovations and breakthroughs

The signal peptide plays an important role in protein targeting and translocation
in both prokaryotic and eukaryotic cells. In this experiment, the authors used the
NT4 signal peptide to enable the therapeutic peptide to be secreted. Lentivirus
vectors were also employed. LV-NT4(Si)-p53(N15)-Ant was constructed and
successfully cultured at a high titer and verified to induce necrosis of cancer cells.
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Applications

This work has established a way to express lentivirus-introduced p53(N15)Ant 32-peptide. LV-NT4(Si)-p53(N15)-Ant dependent gene therapy may be a
promising novel anticancer strategy. p53(N15)-Ant may represent a promising
agent of gene therapy for hepatocellular carcinoma.
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NT4 signal peptide and its pro-region are protein sequences that can direct the
secretion of proteins and peptides from cells. Such a mechanism is thought to be
helpful in fusion peptide gene therapy as it can enhance the therapeutic effect.
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In this study, Song et al showed that the constructed lentivirus vector expressed
in cancer cells could inhibit the growth of HepG2 cells. This vector can induce
necrosis and apoptosis, and inhibit tumor growth in vivo . The study in general is
significant and interesting.
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INTRODUCTION
Abstract
AIM: To investigate whether the secretion of phosphatidylcholine (PC) in intestinal mucus occurs by apical
secretion or via basolateral excretion and to determine
its subsequent passage across the tight junctions to
the apical mucus.
METHODS: We addressed this question using the polarized intestinally differentiated tumor cell line CaCo-2
grown on filters to confluence in Transwell culture
chambers. The released PC and sphingomyelin (Sph)
from apical and basolateral media were analyzed by
mass spectrometry.
RESULTS: The secreted PC species were identical in both
compartments indicating the same intracellular origin of
PC. However, PC secretion into the basolateral compartment was more effective, and the PC:Sph ratio in the basolateral compartment was significantly higher than that
in the apical compartment (8.18 ± 1.84 vs 4.31 ± 1.22,
P = 0.01). Both pathways were temperature sensitive and
were unaltered in the presence of cyclosporine.
CONCLUSION: The data demonstrate the PC secretion capacity of CaCo-2 cells and indicate two separated apical and basolateral release mechanisms.

The presence of phosphatidylcholine (PC) in intestinal
mucus serves to protect the underlying mucosa from
attack by the commensal bacterial flora which is of particular importance in the colon[1]. Recently it was shown
that the mucus PC content is markedly reduced (up to
70%) in patients with ulcerative colitis (UC), irrespective
of whether acute inflammation of the colon is present when compared to controls or patients with Crohn’s disease[2,3]. This suggests its significance in the pathogenesis
of UC. Accordingly, therapeutic replacement of PC in
UC was shown to be very effective[4-6].
Furthermore, it was shown that apical PC secretion
occurs mainly in the ileum, and is stimulated by bile
acids[7]. It is assumed that luminally secreted PC -after
absorption of bile acids in the terminal ileum- is attracted
to the mucosal surface and moves along the colonic wall
towards the rectum driven by colonic motility[1]. The
exposure of PC to phospholipases of commensal colonic
bacteria thins the PC layer towards the rectum, the “last
lawn” with least PC content[1]. This could explain the
continuous spread of inflammation starting from the
rectum in UC where an intrinsic low PC content in the
mucus is already present. Moreover, the fact that PC
is mainly secreted in ileum[7] and that it is significantly
impaired in UC [2,3] could explain the occurrence of
pouchitis after colectomy due to the lack of protective
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PC in mucus. In contrast, pouchitis is not observed after
colectomy for familial adenomatous polyposis (FAP).
PC within mucus is arranged as lamellar structures
facing the luminal and mucosal surface of the mucus
as well as liposomal structures within the layer. Of all
phospholipids within the mucus, 60%-90% are reported
to represent PC species[8,9]. This indicates a specific PC
secretion mechanism. The conventional view of such
a transport process would suggest apical secretion via
vesicular excretion or by ABC-transporters similar to
MDR 2/3 mediated translocation of PC at the apical
pole of hepatocytes[10,11]. However, Alpers et al[12] claimed
a predominant basolateral secretion mechanism with
secondary back diffusion across the tight junctions and
subsequent release into the mucus space.
To evaluate this secretion mechanism, we used the
intestinally differentiated tumor cell line CaCo-2 which
revealed a polarized growth in tissue culture. We addressed
the following questions: (1) Is PC secretion detectable in
CaCo-2 cells? (2) Does it occur apically, basolaterally or on
both sides? (3) Are these secretion pathways identical? (4)
What are the kinetic characteristics?

MATERIALS AND METHODS
Cell culture
Caco-2 cells were cultured routinely at 37℃, 5% CO2
in DMEM (GIBCO Invitrogen, Karlsruhe, Germany),
containing 10% fetal calf serum (FCS), 1% penicillin/
streptomycin, 1% sodium pyruvate (Sigma-Aldrich,
Munich, Germany) and 1% nonessential amino acids
(Sigma-Aldrich, Munich, Germany). Cells were seeded in
6-well Corning® Transwell® polyester membrane inserts
(pore size 3.0 μm, membrane diameter 24 mm) (Corning
COSTAR, USA), at a density of 105 cells/cm2. Cells were
cultured for up to 21 d after reaching confluency to allow
complete apical/basolateral polarization. Transepithelial
electric resistance was checked regularly to verify appro
priate polarization (World Precision Instruments, Berlin,
Germany).
Sampling for lipid measurement
For measurement of PC secretion, polarized Caco-2 cells
on filters were washed with FCS-free medium three times
to remove extracellular lipids. They were then incubated in
FCS-free medium containing 1% bovine serum albumin
(BSA) (Sigma-Aldrich, Munich, Germany) for 16 h unless
otherwise stated. Apical and basolateral media were
collected and detached cells removed by centrifugation
at 300 g for 5 min. All samples were stored at -80℃ until
further processing.
For experiments at different temperatures, CO 2independent medium (GIBCO Invitrogen, Karlsruhe,
Germany) containing 1% w/v BSA was used. Where
indicated, BSA was replaced by taurocholate (SigmaAldrich, Munich, Germany) at a concentration of
2.5 mmol/L. In addition, the following drugs were
used at the following concentrations: (1) verapamil 500
μmol/L, (2) glibenclamide 50 μmol/L, (3) hydrocortisone
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100 ng/mL, 500 ng/mL, and 1000 ng/mL, (4) cyclos
porine 80 μmol/L (all Sigma-Aldrich, Munich, Germany).
In experiments using hydrocortisone, cells were pre
incubated in regular medium containing the respective
concentrations of hydrocortisone for 24 h to allow for
changes in transcription. Experiments were performed
in quadruplicate, except for the time-course experiments,
which were performed in triplicate.
Differential centrifugation
To retrieve particles of different sizes, the following
standard setup was used. Cells were incubated as described
above. The supernatant (SN) of the 300 g/5 min
centrifugation was centrifuged at 1200 g for 20 min (P2).
To obtain the next pellet the resulting SN was centrifuged
at 10 000 g for 30 min (P3). This SN was then centrifuged
at 100 000 g for 1 h (P4). Resulting pellets (P2-4) and the
final supernatant were then subjected to lipid analysis.
Lipid analysis
Lipids from the respective medium samples were
extracted according to Folch[13]. Before lipid extraction,
non-physiologic 1,2-didodecanoyl-sn-glycero-3-PC,
1,2-tetradecanoyl-sn-glycero-3-PC, 1,2-dieicosanoylsn-glycero-3-PC, 1,2-dido-cosanoyl-sn-glycero-3-PC
as well as 1-pentadecanoyl-2-hydroxy-sn-glycero-3-PC,
1-arachidonyl-2-hydroxy-sn-glycero-3-PC and sphin
gomyelin (Sph) were added for internal standardization.
The apical and basolateral media were dried with a speed
vac. In brief 75 μL aqua dest and 50 μL of the lipid
standard were added to each sample. 500 μL of methanol
were added and the sample was vortexed for 5 min.
1000 μL chloroform was added and vortexed for 5 min.
The supernatant of the 5 min/17 000 g centrifugation was
transferred to a new reaction tube. 300 μm aqua dest was
added and vortexed again for 5 min. Phase separation was
achieved by centrifugation at 500 g for 5 min. The lower
organic phases were transferred to a separate glass tube
and dried before resuspension for mass spectrometry.
Nano-ESI tandem mass spectrometric analyses
Mass spectrometric analyses were performed with a
triple quadrupole instrument [Finnegan MAT (San Jose,
CA, USA) model TSQ 7000] equipped with a nanoelectrospray source operating at a typical flow rate of 20
to 50 nL/min. The electrospray capillary was positioned
at a distance of 0.5 to 1 mm away from the orifice of
the heated transfer capillary which was maintained at
140℃. The instrument was used in the tandem MS mode.
Argon was used as the collision gas at a nominal pressure
of 2 mTorr. Crude lipid extracts, which had been dried
completely, were resolved in 50 μL methanol/chloroform
2:1 (v/v), vortexed thoroughly, and infused into the
capillary. The mass spectrometric resolution was set to
about nominal mass resolution for the scan range of m/z
400 to 900. All specimens were analyzed in precursor ion
scan mode for m/z 184. At least 150 consecutive scans,
if possible more than 200 scans of 4-s duration, were
averaged for each quantitative measurement.
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For quantification of the physiological PC and sphin
gomyelin species, regression curves were determined from
the non physiological standards. Due to a general loss in
sensitivity with increasing molecular weight, a set of four
PC species was added as internal standards to bracket the
profile of naturally occurring PCs. For the quantitative
determination of Sph, we used a single internal standard.
For correction of the measured values to the molar
abundances, we used a calibration curve with the slope
corresponding to that of PC.
The most abundant physiological PC and Sph species
were determined after comparison of all spectra. The
molecular weights were related to the number of carbon
atoms and double bonds with the help of a lipid data
bank.
Statistical analysis
SPSS 16.0 was used for statistical analysis of the data.
A Mann-Whitney-U-test was performed to analyze the
differences between different conditions. Differences
were considered significant, if P was < 0.05. In the timecourse experiments a linear regression assuming a zerocrossing and applying the method of least squares was
performed.

RESULTS
For polarization, CaCo-2 cells were grown on filters in
Transwell culture dishes. Secretion of PC was examined
in the apical and basolateral media containing, as lipid
acceptors, taurocholate (2.5 mmol/L) or albumin (1%
BSA). CaCo-2 cells showed PC secretion into both
compartments. With regard to the acceptors of PC in
both compartments (taurocholate or albumin), there
was no difference recorded in the amount of PC or
Sph released into the media (Figure 1). This indicated
that under the experimental conditions employed,
both acceptor molecules were present in excess and
their capacity for PC and Sph solubilization was not

Total PC		

B

Sph

1200

15°
37°

1000

PL (pmol/16 h)

Figure 1 Release of phospholipids (PL) into the apical (bp) and basolateral
(bl) media in the presence of BSA or taurocholate as solubilizing agents.
The figure illustrates no differences in the amount of PC and Sph secreted
regardless of whether taurocholate was applied only apically (left), both apically
and basolaterally (middle) compared to control (right) (P = ns).

a

800
600
400
a
200

a

Total PC		

Sph

Figure 2 Temperature dependency of phospholipid (PL) secretion. Caco-2
cells were incubated either at 37℃ or 15℃ and secreted PC and Sph were
measured. Both apical (A) and basolateral secretion (B) were drastically reduced
at 15℃; apical PC by 68%, basolateral PC by 75%, apical Sph by 53% and
basolateral Sph by 73% (aP < 0.05).

compromised. The secretion of PC and Sph in both
compartments was temperature sensitive with a significant
reduction in the secretion rate at 15℃. The degree
of temperature-induced acceleration/deceleration of
the transport rates was comparable for PC and Sph at
each side. However, the total secretion rates towards
the basolateral side were significantly more inhibited at
15℃ than those at the apical side. This observed drop in
secretion is typical for vesicular transport, because much
lower transport rates in membrane carrier systems are
expected at 15℃ (Figure 2).
At 37℃ the rate of secretion was significantly higher
at the basolateral side compared to the apical side - also an
indication of two different secretion capacities (Figure 3).
When the PC species and their secretion distribution
on both sides were compared, they were virtually
superimposable (Figure 4). This supports the concept
that they originate from the same intracellular source.
However, the relative fraction of Sph release compared
to total PC release was significantly higher in the apical
compartment. This corresponded to a higher level of Sph
in the different pellets and the 100 000 g supernatant of
the apical compartment vs the basolateral compartment
(Figure 5). Sphingomyelins are typical phospholipids
of vesicular membranes in the secretory pathway[14]. A
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Figure 3 Time-course of phospholipid secretion. An almost linear secretion
up to 12 h with some decline in secretion towards 24 h was registered.
The average secretion rate of PC was 24.3 pmol/h on the apical side and
62.2 pmol/h on the basolateral side. Sph was secreted apically at 4.4 pmol/h
and basolaterally at 7.4 pmol/h. The regression line for each setup was drawn.

Figure 4 Typical distribution pattern of phospholipid species secreted.
The PC species composition is similar in the apical and basolateral
compartments. The relative amount of Sph 703 secreted is higher in the apical
compartment (P < 0.05 when comparing the ratio of Sph 703 to total PC in the
apical and basolateral compartments).

A

This is in line with the observation of a lower sensitivity
towards temperature changes and a lower total apical PC
secretion rate.
From a structural point of view, it would be easier for
small sized vesicles to pass through the apical microvillous
plasma membrane compared to large vesicles, which easily
pass through the rather smooth basolateral side of the
plasma membrane.
To further characterize the PC secretory pathway, we
evaluated the effect of cyclosporine - a known inhibitor
of ABC-transporters (Figure 6). No differences in
transport rates were observed, underlying the hypothesis
that PC secretion in intestinal mucosal cells more likely
represents a vesicular excretion route. Similar results
were obtained when other ABC-transport inhibitors
(verapamil, glibenclamide and PSC833) were used (data
not shown).
Since glucocorticoids are known to increase PC
synthesis and excretion in the lung (surfactant), we
evaluated their effects in CaCo-2 cells. Under the exper
imental conditions employed, no differences in secretion
were detected (Figure 6). However, our experimental
approach may have been too simple and unrefined to
draw any further conclusions. It is possible that CaCo-2
cells do not express a glucocorticoid receptor.
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Figure 5 Distribution of secreted PL in pellets and supernatants obtained
from the apical (A) and basolateral (B) compartments. The majority of
the PL is retrieved in the 100 000 g supernatant resembling a rather soluble
fraction. In the medium of the basolateral compartment a reduced amount of PC
and Sph could be found in the pellets, but more PC was found in the 100 000 g
supernatant.

higher proportion of Sph compared to the “cargo”-PC is
suggestive of smaller sized secretory vesicles (“containers”).

The small intestine is an organ which is highly active
in transport-mainly from the luminal to the basolateral
side. It manages the complete absorption of all food
constituents. The fact that the intestinal mucosa also has
a secretory pathway towards the luminal site is a rather
unrecognized feature. Thus, the high secretion rate at
the basolateral side could be explained by the essential
role of intestinal mucosal cells in the absorption process,
in particular of lipids (high lipid throughput). After
uptake of fatty acids, monoglycerides, lysophospholipids,
and fat soluble vitamins into the mucosal cell, they are
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resynthesized to complex lipids (triglycerides, phos
pholipids), bound to apolipoproteins, and secreted
at the basolateral side of mucosal cells via a vesicular
pathway[14,15]. In contrast, at the microvillous side of the
plasma membrane, it is sufficient to utilize a low capacity
PC secretory pathway because mucus resembles a low
PC-turnover compartment. Our experiments support the
notion, that there are two separate PC secretion pathways
in intestinal epithelial cells: a high capacity basolateral and
a low capacity apical vesicular excretion route. This now
needs confirmation by cellular imaging techniques and
the use of native intestinal mucosal cells. The fact that
60%-90% of the phospholipids in mucus represent PC[8,9],
indicates a specific PC secretion mechanism. The highly
enriched PC arrangement within lamellar membranes
establishes the protective hydrophobic surface layer of
the mucus[8,9]. In the case of ulcerative colitis, where a
decrease in the mucus PC levels was detected, this may
be due to impairment of PC synthesis, PC loading of
secretory vesicles, apical membrane fusion and PC release
into the mucus or adherence to mucus proteins. After
verification of the data in native mucosal cell models, the
experimental system can be used to examine whether the
PC secretion mechanism can be modified for therapeutic
purposes.
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Abstract
AIM: To evaluate the use of three-dimensional imaging
of pancreatic carcinoma using multidetector computed
tomography (CT) in a prospective study.
METHODS: Ten patients with suspected pancreatic
tumors were examined prospectively using multidetector CT (Somatom Sensation 16, Siemens, Erlangen,
Germany). The images were evaluated for the presence of a pancreatic carcinoma and invasion of the
peripancreatic vessels and surrounding organs. Using
the isotropic CT data sets, a three-dimensional image
was created with automatic vascular analysis and semiautomatic segmentation of the organs and pancreatic
tumor by a radiologist. The CT examinations and the
three-dimensional images were presented to the surgeon directly before and during the patient’s operation
using the Medical Imaging Interaction Toolkit-based
software “ReLiver”. Immediately after surgery, the
value of the two images was judged by the surgeon.
The operation and the histological results served as
the gold standard.
RESULTS: Nine patients had a pancreatic carcinoma

(all pT3), and one patient had a serous cystadenoma.
One tumor infiltrated the superior mesenteric vein. The
infiltration was correctly evaluated. All carcinomas were
resectable. In comparison to the CT image with axial
and coronal reconstructions, the three-dimensional
image was judged by the surgeons as better for
operation planning and consistently described as useful.
CONCLUSION: A 3D-image of the pancreas represents an invaluable aid to the surgeon. However, the
3D-software must be further developed in order to be
integrated into daily clinical routine.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic carcinomas are the fourth most frequent
cause of death from cancer worldwide. The prognosis
remains poor with a relative 5-year survival rate of about
5%. The only procedure resulting in significantly longer
survival is R0 resection with adjuvant chemotherapy[1].
Computed tomography (CT) is considered the method of choice for the detection and preoperative staging
of pancreatic carcinomas[1-6]. Currently, 16- and 64-row
spiral CTs are increasingly becoming available, and these
offer improved local resolution over older models. The
high-resolution data sets gained from these also offer the
option of three-dimensional image post-processing[7,8].
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In planning an operation, the location of the pancreatic
tumor relative to the surroundings, surgically relevant
vessels and adjacent organs is of utmost importance to
the surgeon. The option of being able to assess the tumor
volume in relation to the pancreatic tissue can also represent
further valuable information.
In liver surgery, three-dimensional imaging is increasingly
being used for the interactive planning of surgery in
complex partial liver resections and living donors. Special
procedures are used which - in addition to visualization
- permit volumetric assessment of the primary data.
Systems which can be used to gain additional information
from the layer data include HepaVision2 (MeVis GmbH,
Bremen, Germany)[9], LiverLive (Navidez Ltd., Ljublana,
Slovenia), and Medical Imaging Interaction Toolkit (MITK)
ReLiver (Deutsches Krebsforschungszentrum, Heidelberg,
Germany).
The prerequisite for such procedures is the preprocessing step of segmentation, during which interesting
regions of the image are marked on the section images.
In a previous study, we have already shown that threedimensional imaging of pancreatic tumors with semiautomatic segmentation is possible analogously to hepatic
imaging[10].
The aim of this study is to test in a prospective,
clinically controlled study, whether the three-dimensional
images of the pancreas and the surrounding structures
gained using the CT data sets are useful to the surgeon
in planning operations and for intraoperative orientation
in patients with pancreatic carcinoma.

MATERIALS AND METHODS
Between March 2006 and August 2006, ten patients were
included in the study with suspected operable pancreatic
carcinoma. The criterion for inclusion in the study was
urgent clinical suspicion of a pancreatic carcinoma. The
study had the approval of the local ethics committee.
All patients underwent 16-row multislice CT (Somatom
Sensation 16, Siemens, Erlangen, Germany), using the
hydro technique with administration of Ultravist 370®
(Schering, Berlin, Germany).
The operative findings and the histological results
obtained during the operation served as the gold standard.
The evaluation was carried out by two experienced
radiologists using a standardized evaluation form. This
covered the location, size, and peripancreatic extent of
the tumor. The resectability of the carcinoma was also
assessed.
16-row spiral CT
Patients were examined using 16-row spiral CT (Somatom
Sensation 16, Siemens, Erlangen, Germany) using the
hydro technique. This involves distension of the stomach
and duodenum using 1.5 L of still water, intestinal
paralysis through intravenous administration of 40 mg
N-butylscopolaminium bromide (Buscopan ® ) and
positioning the patient on the right side at an angle of 30°[4,11].
Firstly, a native spiral CT of the abdomen was carried
out. Then an examination was carried out in the arterial
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Table 1 Examination parameters

Anode voltage (kV)
Anode current (mAs)
Detector collimation
Table feed (mm)
Reconstructed slice
thickness (mm)
Delay (s)

Native CT

Arterial
phase

Portal venous
phase

120
140
1.5 (slice:
6 mm)
24
6

120
170
0.75 (slice:
3 mm)
12
2/1

120
185
0.75 (slice:
3 mm)
12
1.3/3; 2.1/0.5

8

35

phase (delay 8 s) and in the portal venous phase (delay 35 s)
using the Combined Application Reduced Exposure bolus
technique with 120 mL contrast medium (Ultravist® 370,
Schering AG, Berlin, 5 mL/s) (Table 1).
Three-dimensional imaging
The data sets obtained from CT were transmitted via an
internal data connection (Chili, Heidelberg, Germany) to
the Department of Medical and Biological Informatics at
the German Cancer Research Center. There, the vascular
structures were transferred to a semantic model in which
the vascular branches could be individually colored,
shown, or removed from view. All segmentations were
carried out by a radiologist using the software program
MITK ReLiver. During the process, the liver, kidneys,
duodenum, stomach, pancreas, and pancreatic tumor
were segmented using interactive segmenting tools in the
section images. It was found to be particularly time-saving
to use a combination of an interactive regional growth
procedure and a form-based interpolation procedure[12].
On this basis, it was possible to reduce the interaction
time to a necessary minimum. Subsequently, the data
from the vascular trees, the individually segmented organs
and the tumor were fused into a three-dimensional scene.
These freely rotatable images were presented to
the surgeon before and during the operation above the
OP field, analogous to the three-dimensional image of
the liver[11]. The surgeon also saw the conventional CT
images before the operation, which were also available
to him in the operating theater on a monitor. After the
operation, on a questionnaire, the surgeon assessed the
value of the three-dimensional image compared with
that of the conventional CT images (Table 2).
The questionnaire included comments about representation of the tumor, tumor location, tumor invasion
of the vessels and surrounding organs, how well the
imaging material matched the operative site, the manageability of the images, a score by which the surgeon could
grade how secure he felt looking at the CT or threedimensional images, and possible changes in the operative strategy.
The individual points on the questionnaire were
graded with marks ranging from 1 for excellent to 5 for
very bad.
Statistical analysis
Using the Wilcoxon test, we examined whether the
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Table 2 Questionnaire put to the surgeon assessing the value of the three-dimensional image vs conventional CT images
Depiction of the tumor
How well can the tumor localization be assessed?
How well can vascular invasion be assessed?
How well can organ invasion be assessed?
How comfortable are you with the image?
How well does the imaging material match the operative situation?
How manageable was the 3D view in comparison with CT?
Was the operating strategy changed due to the images?

1 = excellent; 2 = good; 3 = mediocre; 4 = bad; 5 = very bad

Completely; partially; not at all
Less complicated; equally complicated; more complicated
Yes; no

Table 3 Three-dimensional reconstruction vs CT
Patients
Φ
P-value

Vascular invasion

Organ invasion

Feel-good score

CT

Tumor image
3D

CT

3D

CT

3D

CT

3D

CT

2.2

1.4

1.8

1.6

2.2

2.2

2.0

1.6

2.4

0.157

Tumor localization

0.564

1.0

0.157

3D
1.2
0.063

1 = excellent, 2 = good, 3 = mediocre, 4 = bad, 5 = very bad.

differences between the CT and three-dimensional
images were statistically relevant. The P values were
calculated using SPSS for Windows XP.

RESULTS
In nine patients, a pylorus-preserving Whipple procedure
was carried out. In one patient, explorative laparotomy
was performed with placement of a biliodigestive
anastomosis and a gastrojejunostomy, since the patient’s
advanced age (80 years) made a portal vein resection seem
too stressful.
Nine patients had adenocarcinomas of the pancreas
and one had a serous cystadenoma. All carcinomas had
grown beyond the margins of the organ and invaded
the peripancreatic lipid tissue and the duodenum, and
were thus staged histologically as T3. In one patient,
invasion of the superior mesenteric vein was found
intraoperatively.
Three dimensional imaging
The three-dimensional images of the pancreatic tumors,
as evaluated on the questionnaire, were found to be
graded more favorably with regard to assessment of
tumor imaging, location, and invasion of the surrounding
organs, and to the score indicating how secure the
surgeon felt in assessing the images than the conventional
CT examination. However, the differences were not
statistically significant (P = 0.157, 0.564, 0.157, 0.063,
respectively). In evaluating vascular invasion, the results
were equally good for both procedures (P = 1.0) (Table 3).
The three-dimensional imaging cor rectly and
completely matched the operative site in all cases.
The manageability of the three-dimensional image
was deemed to be less complicated in four out of five
cases and in one case to be equally good.
In one case the surgeon found that the three-dimensional image demonstrated much more clearly than the
conventional CT image that there was no invasion of the
portal vein (Figure 1). In a second case, extensive inva-

Figure 1 Lateral view of the three-dimensional model of a pancreatic
carcinoma (pale green) in the processus uncinatus. There is contact
between the tumor and the superior mesenteric vein but no invasion.

sion of the portal vein by the tumor could be established
in both types of image, but the extent of the invasion
was demonstrated to the surgeon better in the threedimensional image, enabling the tumor to be classified
as a resectable stage T3 and explorative laparotomy was
performed. Intraoperatively, this long-distance invasion
was confirmed but no tumor resection was carried out
due to the patient’s advanced age; vascular replacement
of the portal vein was deemed too stressful (Figure 2).

DISCUSSION
Despite all the progress made in diagnosis and surgery,
the prognosis for pancreatic carcinomas today is still
poor. Surgical resection is the treatment of choice as a
curative approach to pancreatic carcinomas. Thus, the
main aim of diagnosis consists of correctly evaluating
the surgically relevant vessels with regard to possible
invasion in order to be able to safely distinguish between
resectable and non-resectable pancreatic carcinomas.
Spiral CT is considered to be state of the art in the
diagnosis of pancreatic carcinoma and in the evaluation
of resectability in most centers[6]. The sensitivity of spiral
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A

B

C

Figure 2 Patient with stage T3 pancreatic carcinoma with portal vein
invasion; the preoperative assessment was correct. A: Axial slice through
tumor; B: Three-dimensional reconstruction, frontal view (tumor = pale green); C:
Three-dimensional reconstruction, cranial view (tumor = pale green).

CT, as cited in the literature, for evaluating resectability in
pancreatic carcinoma is between 81% and 96.3%[4,11,13-15].
Due to the particular anatomical relationship between the pancreas and the surrounding vessels, threedimensional reconstructions are helpful in presenting
additional information about this relationship[16,17].
For the surgeon, it is valuable to be able to see the
tumor, both by itself and in the context of its surro
unding structures, in three dimensions from all sides
whereby particular interest is obviously accorded to the
presence and extent of contact to the relevant vessels
or surrounding organs. In addition, the surgeon can
more easily assess the tumor volume in relation to
healthy pancreatic parenchyma. With the aid of a freely
rotatable, three-dimensional image, he can picture the
extent of venous invasion more clearly (even before the
operation) than is possible with two-dimensional, axial,
coronal and sagittal images.
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Thus, the surgeon is provided with as detailed a
picture as possible of the field of operation even before
the operation takes place. As far as we know, there are
no studies so far available assessing the clinical value of
three-dimensional image processing of pancreatic tumors.
To date, the Harvard Medical School has produced
reconstructions of the pancreas and the neighboring
vascular systems, but has not clinically evaluated them[18].
Three-dimensional reconstruction already has a
firm place in orthopedics and neurosurgery, where only
unmoving and fixed anatomical structures are represented
without any great range of variation.
The use of this method in visceral surgery is more
difficult, since the organs can move and in some cases
are shifted and reshaped during respiration and since the
rate of anatomical variability is high[10].
In the field of hepatic imaging and in the context
of living liver donors and before complex partial liver
resections, three-dimensional imaging of the liver, hepatic
vessels, and bile ducts has managed to become established
in some centers. In this case, in addition to visualization,
the volumetry of various liver sections is of interest.
Moreover, the three-dimensional reconstruction can be
used preoperatively to consider various resection options
and to evaluate their technical feasibility with regard to
vascular and bile duct anatomy and to the expected liver
volume after surgery.
The prerequisite for three-dimensional imaging of
the primary data is semiautomatic segmentation of the
structures of interest such as pancreas, tumor, stomach,
liver, spleen, kidneys and any cysts that might be present.
In pancreatic tumors, however, the segmentation process
is particularly time-consuming and problematic, since the
margins between organ tissue and inflammatory processes
or of the tumor and surrounding structures are hard to
recognize due to growth beyond the organ borders. In
addition, the preparation of data includes all important
organs and vascular structures in the abdominal cavity in
order to provide the surgeon with a maximum amount of
context information so that possible problems in exposure
of the pancreas can be included in the surgical planning.
This means that the reconstruction procedure for
visualizing pancreatic carcinomas today still requires a great
amount of effort both technically and in terms of time
required. In addition, an objective and precise localization
of the tumor is not possible because segmentation is always
conducted according to the subjective interpretation of the
radiologist.
An automatic image processing procedure cannot be
used for segmenting the tumor since the differences in
thickness between organ tissue and tumor are sometimes
very slight and cannot be recognized by a computer
program. However, there are very promising approaches
to segmenting the organs which make a largely automatic
procedure seem tangible. Statistical form models learn
the mean organ form with its variants from training data.
Using even the current models, it can be shown that the
work of segmentation can be significantly reduced for
the liver[19].
For vessels, no automatic segmentation program
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exists that can independently mark vascular crosssections by using the good contrast provided by the
various contrast medium phases of the CT examination
and the high contrast differences associated with it.
Three-dimensional imaging of the vessels, moreover,
only depicts the inside of the visualized vessel since
the contrast medium that is used for processing the
reconstruction only fills the vascular lumen.
Tumor invasion of the relevant vessel can thus only
be indirectly visualized, just as with two-dimensional CT
images, e.g. on the basis of a sudden difference in vessel
caliber or complete vascular occlusion.
In the present study, three-dimensional post-processing of the data sets was highly acclaimed by the surgeons.
Analysis of the questionnaire showed that the threedimensional image was graded better in most points than
conventional CT images. Only evaluation of the vessels
was graded equally for both procedures.
The so-called “feelgood score” was better for the
three-dimensional image than the two-dimensional
image in all the cases.
This explains why in two cases the surgeon indicated
that he found extensive portal vein invasion and exclusion
of portal vein invasion to be much clearer for him on the
three-dimensional image than on the conventional CT
images.
The manageability of the three-dimensional image in
comparison to the conventional CT images was deemed
less complicated in four out of five cases. In all the cases
the findings presented in the three-dimensional image
material matched the intraoperative situation completely.
In complex liver surgery, three-dimensional visualization has already been shown to meet with high acclaim
by surgeons. Its advantage consists in providing the
surgeon with information about vascular anatomy that is
indispensable for planning living liver transplantation or
in providing additional information about the percentage
of residual hepatic tissue following resection.
In their clinical study of the value of three-dimensional
data sets before complex liver resections and before living
liver donations, Fischer and Lamade found that although
three-dimensional presentation did not lead to an improved
segment allocation of hepatic tumors in comparison to
axial sections, the three-dimensional presentation meant
that the position of the tumor within the liver as marked
on a liver model was significantly improved. It was shown
that the three-dimensional presentation did indeed lead to
improved OP representation. Overall, three-dimensional
presentation led to approaching a 31% higher precision
in tumor localization and improvement in resection
recommendations[20,21].
This study also illustrated the disadvantage of this
method. The three-dimensional representation of the
findings can only be as good as the primary data sets from
CT in conjunction with the experience of the radiologist
in evaluating CT data. If contact between the tumor and
the encircling wall of a vessel can be visualized over a
long distance on CT, this will also be visible in the threedimensional image and can be interpreted in most cases,
and in both procedures, as invasion of the relevant vessel.
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The three-dimensional reconstruction cannot improve
on the examination; it can only present the situation in a
more plastic form.
A three-dimensional image will thus generally not
improve the assessment of the resectability of pancreatic
carcinomas. Overall, this new procedure, however, seems
to provide a good aid in preoperative planning for the
surgeon in surgical therapy of pancreatic carcinoma.
It remains to be seen whether the method, which
still involves a great deal of effort, will stand the test of
practical daily routine or if the time and technical input
necessary for post-processing the image material is too
high to be integrated practically into clinical routine or if
these factors can be significantly reduced.
One restriction on the present study is the very
small case number. The calculated P values showed no
significant differences. Thus further studies should be
conducted with a larger number of patients.
In summary, it can be said that three-dimensional
imaging of pancreatic carcinomas with the surrounding
vessels and organs is currently constrained by the great
deal of effort involved, but it does primarily provide the
surgeon with valuable additional information.
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iodized oil uptake in 22 of the lesions (sensitivity 85%).
The degree of iodized oil uptake was overestimated (9%,
2/22) or underestimated (14%, 3/22) on spot image in
five nodules compared with that of cone-beam CT.
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Abstract

INTRODUCTION

AIM: To evaluate the utility of assessing iodized oil
uptake with cone-beam computed tomography (CT) in
transarterial chemoembolization (TACE) for small hepatocellular carcinoma (HCC).
METHODS: Cone-beam CT provided by a biplane flatpanel detector angiography suite was performed on
eighteen patients (sixteen men and two women; 41-76
years; mean age, 58.9 years) directly after TACE for
small HCC (26 nodules under 30 mm; mean diameter, 11.9 mm; range, 5-28 mm). The pre-procedural
locations of the tumors were evaluated using triphasic multi-detector row helical computed tomography
(MDCT). The tumor locations on MDCT and the iodized
oil uptake by the tumors were analyzed on cone-beam
CT and on spot image directly after the procedures.
RESULTS: All lesions on preprocedural MDCT were detected using iodized oil uptake in the lesions on conebeam CT (sensitivity 100%, 26/26). Spot image depicted

CONCLUSION: Cone-beam CT is a useful and convenient tool for assessing the iodized oil uptake of small
hepatic tumors (< 3 cm) directly after TACE.
© 2009 The WJG Press and Baishideng. All rights reserved.

Peer reviewer: Satoshi Mamori, MD, PhD, Department of
Gastroenterology and Hepatology, Shinko Hospital, 1-4-47
Wakihama-cho, Chuo-ku, Kobe, Hyogo 651-0072, Japan

Jeon UB, Lee JW, Choo KS, Kim CW, Kim S, Lee TH, Jeong
YJ, Kang DH. Iodized oil uptake assessment with cone-beam
CT in chemoembolization of small hepatocellular carcinomas.
World J Gastroenterol 2009; 15(46): 5833-5837 Available
from: URL: http://www.wjgnet.com/1007-9327/15/5833.asp
DOI: http://dx.doi.org/10.3748/wjg.15.5833

Transarterial chemoembolization (TACE) is a regional
therapeutic modality that has become an accepted treatment for unresectable hepatocellular carcinoma (HCC).
Triphasic multi-detector computed tomography (MDCT)
is commonly used for the detection and preprocedural
localization of hypervascular HCCs greater than 1 cm in
diameter[1-3].
Diagnostic angiography using digital subtraction angiography (DSA) is performed before TACE in order to detect hypervascular HCCs. Occasionally, the small neoplastic foci are uncertain, and difficult to detect. Some studies
have reported that the detection rate of small HCCs, less
than 3 cm, in DSA was about 70%[4,5], and other studies
showed higher sensitivity in nodule detection in helical
biphasic CT than in DSA[6]. This discrepancy can make
it difficult to determine whether or not the same nodules
exist on MDCT in cases of small tumor nodules.
Iodized oil retention pattern after TACE is a posttreatment prognostic marker and significant factors affect
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local recurrence[7-9], however, a method for evaluating this
immediately after TACE, is to take a spot image Followup unenhanced CT is usually performed within 1 mo after
TACE, but it is sometimes difficult to determine whether
there is washout of iodized oil uptake or initial failure of
iodized oil uptake when there is partial iodized oil uptake
in a lesion on the first follow-up CT. The exact method
for comparing iodized oil retention in hypervascular nodules on preprocedural MDCT is to check the postprocedural CT directly after TACE and for this the patient must
be transported from the angiography suite to the nearest
CT scanner.
Cone-beam CT is a new technology provided by the
combined angiography/CT suite that uses flat-panel
detector (FD) technology. It provides images similar to
those of CT and is able to obtain 3D reconstructions
such as multiplanar reformat (MPR), maximum intensity
projection (MIP), and 3D volume rendering (VR) with
these data sets.
The purpose of this study was to evaluate the clinical
value of cone-beam CT in the assessment of iodized oil
uptake in TACE for small HCCs.

MATERIALS AND METHODS
Patients
From March 2006 to June 2006, eighteen patients (sixteen
males and two females; 41-76 years; mean age, 58 years)
with small HCCs (26 nodules; mean diameter 11.9 mm;
range, 5-28 mm), underwent cone-beam CT and TACE
consecutively. All patients had underlying liver cirrhosis.
The diagnosis of HCC was made clinically in these patients by using typical imaging findings on MDCT and
an elevated level of serum alpha fetoprotein. The size
and location of the tumors were evaluated with triphasic
MDCT before TACE (Figures 1 and 2). Eleven patients
had previously undergone TACE for multiple nodules.
The first TACE was performed in seven patients who
were not candidates for surgery. According to our institutional guidelines, institutional review board approval
was not required for this report.
TACE
Angiography was conducted using the AXIOM Artis
FD Biplane Angio suite with cone-beam CT (DynaCT,
Siemens Medical Solutions, Erlangen, Germany). For angiography, a 5-Fr catheter was inserted using the Seldinger
technique from the right common femoral artery into the
celiac trunk. After confirming the location of the tumor
and its feeding artery, a 3-Fr 100-cm-long microcatheter
(Progreat; Terumo, Tokyo, Japan) with a 0.016-inch,
150-cm long guidewire covered by hydrophilic polymer (Radiofocus; Terumo, Tokyo, Japan), was advanced
through a 5-Fr catheter into the peripheral portion of the
feeding artery as close to the lesion as possible (Figures 1
and 2). If tumor staining or feeders were uncertain, conebeam CT hepatic arteriography (cone-beam CTHA) was
performed (contrast media injection rate was 2 mL/s;
X-ray delay used in 1.5 s). After these baseline studies,
TACE using an emulsion of epirubicin hydrochloride
(Pharmorubicin; Ildong, Seoul, Korea) dissolved in me-
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Table 1 Degree of iodized oil uptake by the tumors
Degree
Excellent
Good
Poor
Total

Spot image

Cone-beam CT

11
8
3
22

16
7
3
26

Discordance between the two modalities-5 nodules [over-: 9% (2/22),
underestimated: 14% (3/22) in spot image]. CT: Computed tomography.

glumine ioxitalamate (Telebrix; Guerbet, Aulnay-sousBois, France) mixed with iodized oil (Lipiodol Ultra Fluid;
Guerbet, Aulnay-sous-Bois, France) was performed. The
end point of TACE was when an “oily portogram” was
achieved. Finally, spot image and cone-beam CT were performed to determine the deposition of iodized oil.
Cone-beam CT
Cone-beam CT acquisition was obtained using the following parameters: 10-s rotation; 0.4° increment; 1024
× 793 matrix in projections at zoom 0 after resampling;
217° total angle; and 11°/s, 27 frames/s, system dose
0.36 μGy/pulse, total 273 projections. The image reconstruction was performed on a commercially available dedicated workstation (X-Leonardo with DynaCT;
Siemens Medical Solutions). The volume dataset was
displayed on the monitor in the MPR.
Image analysis
The tumor locations, as shown on MDCT, iodized oil
uptake by the tumor in the lesion on cone-beam CT and
spot image, were determined directly after the procedures
were analyzed. The enhancing tumor locations as shown
on MDCT and iodized oil uptake by the tumors were
compared. The degree of iodized oil uptake by the tumor
(excellent, 100% deposition of iodized oil in the lesion;
good, 51%-99%; poor, ≤ 50%) on cone-beam CT and
spot image were also compared. The spot images were
evaluated at the workstation, while cone-beam CT images
were evaluated by images created by MPR, and MIP (maximum intensity projection). All images were graded by two
radiologists, and decisions were reached by consensus.

RESULTS
Cone-beam CT was successfully completed in all study
patients. It only took about 5 min to obtain MPR images. Cone-beam CT visualized the iodized oil uptake in
all the nodules (26/26, sensitivity 100%), but spot image
only visualized iodized oil uptake in 22 of the lesions
(sensitivity 85%) (Figures 1 and 2).
Degree of iodized oil uptake in tumors
The degree of iodized oil uptake was somewhat different
in the two modalities (Table 1). Cone-beam CT depicted
iodized oil uptake in the nodules more clearly than spot
image. Two nodules were not seen in spot image but
were clearly evaluated with cone-beam CT. There was
discordance between the two modalities in 5 nodules and
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Figure 1 A 47-year-old man with hepatocellular carcinoma in S2 for 2nd TACE. A: Preprocedural late arterial phase MDCT scan reveals hypervascular HCC near
the diaphragm (arrow); B: Left gastric angiogram shows aberrant left hepatic artery with no tumor staining in suspected area; C: Tumor staining (arrow) and feeder
artery are found after acquiring MIP image from cone-beam CT hepatic arteriography (Cone-beam CTHA); D: Cone-beam CT directly after TACE shows good grade
iodized oil uptake in S2 (arrow); E: Spot image shows subtle lipiodol uptake near the left hemidiaphragm (arrow), but nodular iodized oil uptake is not observed.

Table 2 Degree of iodized oil uptake by the tumors
according to size
Size

≤1
≤2

Degree of iodized oil uptake
in spot image

Total

Degree of iodized oil uptake
in cone-beam CT

Excellent

Good

Poor

Excellent

Good

5
6

3
4
1
8

1
2

7
8
1
16

4
2
1
7

≤3

11

3

Table 3 Enhancement patterns and iodized oil uptake in
three nodules without typical enhancement patterns of HCCs
on MDCT and MRI
Nodule Modality

Poor
1
21
3

3

CT
CT
MRI

Phase

Degree of iodized oil uptake

EA

Delayed

Spot image

Cone-beam CT

Subtle E
No E
Subtle E

Washout
No E
Washout

Poor
Poor
Invisible

Poor
Excellent
Good

3
1

Discordance in degree of iodized oil uptake occurred in nodules less than
2 cm (3 nodules less than 1 cm).

iodized oil uptake was over-(9%, 2/22) or underestimated
(14%, 3/22) in spot image compared with cone-beam CT.
The iodized oil uptake in 4 nodules was not seen in
spot image, two nodules were less than 1 cm, one was
between 1 cm and 2 cm, and one was over 2 cm. The
discordance between the two modalities occurred in
nodules less than 2 cm (Table 2).
Nodules with atypical enhancement patterns in MDCT
Three nodules showed atypical enhancement patterns in
MDCT, and additional dynamic magnetic resonance imaging (MRI) was performed for one nodule (Figure 2). Their
feeders were uncertain on selective right or left hepatic
arteriography, but were detected with cone-beam CTHA.
Enhancement patterns and iodized oil uptake in the nodules are shown in Table 3.

DISCUSSION
Several treatment options for small HCCs have been

Same patient in Figure 2. EA: Early arterial phase; Delayed: Delayed
phase; Subtle E: Subtle enhancement; No E: No enhancement. HCC:
Hepatocellular carcinoma; MDCT: Multi-detector row helical computed
tomography; MRI: Magnetic resonance imaging.

introduced for patients who are not surgical candidates.
These options include TACE, percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), microwave
coagulation therapy (MCT), laser thermal ablation (LTA),
and combination therapy [10,11]. Among them, TACE
is widely performed, because it is minimally invasive,
repeatable, and more effective in combination with other
treatments[10-15].
TACE was found to be as effective as hepatic resection for early stage tumors when iodized oil was compactly retained within the tumor[8]. Iodized oil uptake
pattern can be a prognostic index[7]. Various studies have
suggested that iodized oil uptake in a tumor can correlate well with hepatic necrosis, and compact iodized oil
uptake on unenhanced CT may represent necrosis[16,17].
Takayasu et al[16] reported that the highest degree of necrosis usually occurs immediately after TACE and the
regrowth of viable cancer cells will occur later if complete necrosis of the tumor was not achieved. At this
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Figure 2 A 52-year-old man with HCC in S2 for 2nd TACE. A, B: Early arterial phase (A) and delayed phase (B) of MRI reveals nodule (arrow) in segment 2 with no
enhancement (arrow); C: Cone-beam CT after TACE shows poor grade of iodized oil uptake by the tumor; D: Early arterial phase of MDCT shows washout of iodized oil
uptake near nodule, but no enhancing portion within the nodule 3 mo later; E: Left hepatic angiogram during TACE reveals no tumor and feeding artery 1 mo later; F, G:
Cone-beam CT with (F) and without (G) hepatic arteriography shows small enhancing nodule (arrow) in the nodule; H, I: Cone-beam CT after infusion of emulsion (H)
shows excellent grade iodized oil uptake by the nodule (arrow). This case shows typical “nodule-in-nodule” appearance of HCC, but spot image (I) did not distinguish
nodular uptake.

point, compact iodized oil uptake by the tumor directly
after the procedure prevents regrowth of tumors, but
to confirm this, only spot image is usually acquired. If
the tumor is large enough to appear on spot images, it
is easy to determine the degree of iodized oil uptake,
but if the tumor is small, especially less than 2 cm, the
degree of iodized oil uptake is incorrectly determined,
which can cause tumor regrowth. It is also impossible to
refuse chemotherapeutic agents directly if there is partial
iodized oil uptake in a lesion on the first follow-up CT.
Cone-beam CT was first used in neuroendovascular
procedures, and the image quality is sufficient to make a
diagnosis when a complication is suspected[18]. In the era
of assessing the degree of iodized oil uptake, cone-beam
CT is also a convenient tool during and after TACE and
clearly correlates with MDCT. If cone-beam CT images
shows non-compact iodized oil uptake, immediate reintervention can be achieved. The disadvantages of this
CT-like image are low temporal resolution and a small
field of view, however, it is sufficient to locate lesions
previously diagnosed on MDCT[19].
Takayasu et al[9] reported “targeted transarterial oily
chemoembolization” which is a similar method to ours,

but these authors used a unified helical CT and angiography system. Our system is only a DSA machine without
a helical CT system and has more simple structures.
The radiation dose from cone-beam CT was not measured, however, Hirota et al[20] measured the radiation dose
of cone-beam CT with a flat-panel-detector digital angiography system (similar system with ours) and single helical
CT using a cylindrical phantom model of CT dose index
with a dosimeter. They reported that the radiation dose
by cone-beam CT was less than that of single helical CT.
In addition, the radiation dose from cone-beam CT can
be calculated via a pre-set radiation dose (0.36 μGy/pulse)
and total fluoro time (7.5 pulse/s, 10 s). Compared with
nonenhanced MDCT for TACE follow-up, the calculated
radiation dose of cone-beam CT is low.
Cone-beam CTHA placing the microcatheter in the
nearest arteries was performed in only three nodules in
this study. Another study[20] also reported this method,
and this technique is very useful to confirm a perfusion
area in the artery. Although a small number of cases
were included in this study, this method is a very useful
and time-saving technique in TACE and other interventional procedures, especially for small lesions.
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In conclusion, cone-beam CT is a useful and convenient tool for assessing the iodized oil uptake by small
hepatic tumors (< 3 cm) directly after TACE. In addition, in cases with suspected small HCC nodules without
typical enhancement patterns on CT, cone-beam CTHA
will be very useful, however, further study is required.
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CONCLUSION: Our results indicate that right colonic
diverticulitis is essentially benign and image-guided
conservative treatment is primarily required.
© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Ascending colon; Cecum; Medical therapy;
Colonic diverticulitis
Peer reviewer: Dr. Marco Scarpa, Department of Surgical

& Gastroenterological Sciences (Gastroenterology section),
University of Padova, Padova 35128, Italy
Park SJ, Choi SI, Lee SH, Lee KY. Image-guided conservative
management of right colonic diverticulitis. World J Gastroenterol
2009; 15(46): 5838-5842 Available from: URL: http://www.wjgnet.com/1007-9327/15/5838.asp DOI: http://dx.doi.org/10.3748/
wjg.15.5838

INTRODUCTION

Abstract
AIM: To study the clinical outcomes of medical therapy
in patients with right colonic diverticulitis.
METHODS: The records of 189 patients with right
colonic diverticulitis which was finally diagnosed by
computed tomography, ultrasonography, or operative
findings were retrospectively reviewed.
RESULTS: Of the 189 patients hospitalized for right
colonic diverticulitis, the stages of diverticulitis by
a modified Hinchey classification were 26 patients
(13.8%) in stage 0, 139 patients (73.5%) in stage Ⅰ
a, 23 patients (12.2%) in stage Ⅰb, and 1 patient
(0.5%) in stage Ⅲ. Medical therapy was undertaken
in 185 of 189 patients (97.9%). One hundred and
eighty three of 185 patients were successfully treated
with bowel rest and antibiotics. Two patients in
stage Ⅰb required a resection or surgical drainage
because of an inadequate response to conservative
treatment. Recurrent diverticulitis developed in 15
of 183 patients (8.2%) who responded to medical
therapy. All 15 patients who suffered a second attack
had uncomplicated diverticulitis, and were successfully
treated with medical therapy.

Interestingly, there is a unique predilection for diverticular disease of the colon in Western and Asian populations, and is predominant in the left colon in Caucasians[1], while much more common in the right colon
in Asians[2]. Many studies have focused on left colonic
diverticulitis and subsequently, therapeutic guidelines
have been established, while that of right colonic diverticulitis still remains controversial[2-8]. In the past, the
majority of patients with right colonic diverticulitis were
faced with an operation for presumed appendicitis[3,4,9].
Thus, there is a lack of objective information for patients with right colonic diverticulitis compared with left
colonic diverticulitis. Much of this information is based
on case series data, which have relatively small sample
sizes and the preoperative diagnosis was not made using imaging studies. Recent studies suggest that colonic
diverticulitis can be correctly diagnosed by computed
tomography (CT) scan[6,7,10], or ultrasonography (US)[11-14],
and with the use of these imaging studies, right colonic
diverticulitis is more common than has been previously
assumed[7]. The aim of this study was to evaluate the
clinical course and results of medical therapy in patients
with right colonic diverticulitis, of which the final diagnosis was based on radiographic evidence from CT or
US, or operative findings.
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MATERIALS AND METHODS
Patients
Using computerized patient databases, we searched for
all patients who were hospitalized with the diagnosis
of colonic diverticulitis from January 1998 to August
2007 at Kyung Hee University Hospital, Seoul, Korea.
Excluded were patients who were clinically suspected of
having colonic diverticulitis without operative findings
or radiologic evidence from CT or US, patients whose
colonic diverticulosis alone was present without any
evidence of inflammation, and those whose follow-up
records were unobtainable. A total of 189 patients were
retrospectively reviewed and data were collected with
regard to age and sex, clinical presentation, location of
disease, diagnostic studies (CT, US, barium enema, and
colonoscopy), laboratory findings, type of complication,
treatment modality, preoperative diagnosis, operative
findings, type of operation, and outcome. The final
diagnosis was based on radiographic evidence from CT
or US, or operative findings. CT was performed in 138
patients (73%) and US was performed in 114 patients
(60.3%). Both CT and US were performed in 80 patients
(42.3%) and 17 patients underwent surgery without
CT or US. Recurrence of diverticulitis was defined as
the presence of the same symptoms and signs leading
to re-hospitalization. Recurrence was tracked either by
interviewing the patient or by telephone contact.
A modification of the Hinchey classification system
was used to define the patients[15,16]. Patients were categorized into the six stages according to CT, US, or operative findings. Complicated diverticulitis is defined as
diverticulitis associated with abscess, fistula, obstruction,
or free perforation[17]. Therefore, uncomplicated diverticulitis included stage 0 and Ⅰa, whereas complicated
diverticulitis included stage Ⅰb, Ⅱ Ⅲ, and Ⅳ.
The data were analyzed using the chi-square test or
Fisher’s exact test. All P values of less than 0.05 were
considered to be statistically significant.

RESULTS
Characteristics and presentation of patients
Of the 189 patients hospitalized for right colonic diverticulitis, 111 were men and 78 were women. The median
age of the patients was 37 years (range, 14-88 years).
The mean age of women (40.4 years) was not significantly different from that of men (36.7 years) (P = 0.088).
One hundred and eight patients (57.1%) were under the
age of 40 years. By a modified Hinchey classification,
stages of diverticulitis present on admission were as follows: 26 patients (13.8%) in stage 0, 139 patients (73.5%)
in stage Ⅰa, 23 patients (12.2%) in stage Ⅰb, and 0 (0%),
1 (0.5%), 0 (0%) patient in stage Ⅱ, stage Ⅲ and stage
Ⅳ, respectively (Table 1). The majority of patients commonly presented with phlegmon. The majority of patients (87.3%) had mild diverticulitis (stage 0 or Ⅰa) on
admission and only 24 patients (12.7%) had complicated
diverticulitis. The average white blood cell count was
11417 ± 275. Fever was seen in 20.6% of patients.

Table 1 Presentation of patients by a modified Hinchey
[15]
classification
Total (n = 189)

Modified Hinchey classification
0

Direct visualization of the diverticulum with
Sx or Sign1
Confined pericolic inflammation (phlegmon)
Confined pericolic abscess
Distant intraabdominal or retroperitoneal
abscess
Generalized purulent peritonitis
Fecal peritonitis

Ⅰa
Ⅰb
Ⅱ
Ⅲ
Ⅳ

26
139
23
0
1
0

1

Right abdominal pain, leukocytosis, or fever with no radiologic evidence
of appendicitis. Sx: Symptom.

Right colonic diverticulitis
(n = 189)

Medical treatment

Percutaneous

Appendectomy with

drainage

medical treatment

(n = 2)

(n = 22)

(n = 163)

Successful

Failure of

Successful

treatment

medical treatment

treatment

1
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Figure 1 Treatment and outcome of 189 patients with right colonic
diverticulitis. 1After successful medical treatment, seven patients had elective
surgery at the surgeon’s request; 2One patient required a resection and another
underwent surgical drainage; 3After successful medical treatment, five patients
had elective surgery at the surgeon’s request.

Treatment
Patients were initially managed with medical therapy
alone, percutaneous drainage, or an urgent operation.
Elective surgery was determined after a cooling-off
period. Medical therapy was undertaken in 185 of 189
patients (97.9%), including 22 patients who incidentally
underwent an appendectomy for presumed appendicitis
(Figure 1). Two patients in stage Ⅰb underwent percutaneous drainage and two patients (one in stage Ⅰb and
one in stage Ⅲ) underwent urgent surgery (1 ileocecal resection, 1 right hemicolectomy). One hundred and eighty
three of 185 patients were successfully treated with bowel
rest and antibiotics. However, two patients in stage Ⅰb
required a resection or surgical drainage because of an
inadequate response to conservative treatment. Seven
patients who were successfully treated with bowel rest
and antibiotics had an elective operation at the surgeon’s
request.
Recurrence
Recurrent diverticulitis developed in 15 of 183 patients
(8.2%) who responded to medical therapy. The median
interval to the onset of recurrence was 11 mo (range,
0.5-96 mo). The median disease free period was 44 mo
(range, 0.5-129 mo). All 15 patients who suffered a
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second attack had uncomplicated diverticulitis, and were
successfully treated with medical therapy. One patient,
an 80-year-old woman, experienced five episodes of
right colonic diverticulitis, which were uncomplicated
and successfully treated with medical therapy. Five
of these 15 patients had an elective operation at the
surgeon’s request after successful conservative treatment.
There were no deaths in these patients with right colonic
diverticulitis.
Pathology and follow-up study
A total of 15 patients underwent colonic resection. Nine
of these 15 patients were reported to have multiple false
diverticula. The pathologic reports of the other six patients contained no mention of the type of diverticulum.
During the original hospitalization, CT or US was
supplemented by colonoscopy or double-contrast barium enema in 31 patients. In addition, 1 mo after recovery from an initial episode of diverticulitis, 60 patients
agreed to re-evaluation by double-contrast barium enema
(54 patients) or colonoscopy (six patients). In a total of
87 patients, including four patients duplicated, multiple
diverticula were reported in 62 patients (71.3%) and a
solitary diverticulum was reported in 13 patients (14.9%).
The number of diverticulum could not be identified in
12 patients due to poor bowel preparation.

DISCUSSION
The Hinchey classification and its several modifications
have been used to define the stages of acute diverticulitis
although the systems were mostly applied to left colonic
diverticulitis [15,18]. In the present study, the diagnosis
of right colonic diverticulitis was made in 167 of 172
(97%) patients using CT or US. The original Hinchey
classification is not detailed enough to reflect right colonic
diverticulitis with which the majority of patients have mild
forms. We therefore used a modified system including
subcategories in the early stage [15,16]. The majority of
patients (87.3%) had uncomplicated diverticulitis (stage
0 or Ⅰa) on admission and the other patients even those
with complicated diverticulitis had a relatively early stage
(stage Ⅰb) such as pericolic abscess with the exception of
one patient (stage Ⅲ).
To date, no therapeutic guidelines for patients with
right colonic diverticulitis have been established[3,6-9,19-21].
In contrast, practice parameters for the treatment of left
colonic diverticulitis do exist[17]. Conservative treatment is
recommended for uncomplicated left colonic diverticulitis
because it results in resolution of the problem in 70%
to 100% of patients[22-29]. In our study, all of the 165
patients with uncomplicated right colonic diverticulitis
(stage 0 or Ⅰa) were successfully treated with bowel rest
and antibiotics, including 22 patients who underwent an
appendectomy for presumed appendicitis. We believe that
patients with uncomplicated right colonic diverticulitis can
be successfully treated with medical treatment in the same
way as those with uncomplicated left colonic diverticulitis.
However, some authors advocate surgical resection
for right colonic diverticulitis encountered during surgery
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for presumed appendicitis[3-5]. Lo et al[3] reported their
experience of 22 patients over an 11-year period. They
performed preoperative US and CT in only one patient.
At operation, an inflammatory phlegmon or indurated
mass was found in 18 patients, however, colectomy
with primary ileocolic anastomosis was performed
in 21 patients including these 18 patients. Lane et al[4]
reported a series of 49 patients over a 22-year period. The
authors stated that because the pathophysiology of cecal
diverticula may be different in the Asian population and
the recurrence of symptoms may be more common in
the Western population, conservative management may
not be applicable to the Western population. A correct
radiologic diagnosis was preoperatively made in only three
patients. Immediate right hemicolectomy was performed
in 39 patients at the time of laparotomy, but operative
findings or the severity of diverticulitis was not provided.
Fang et al[5] analyzed 85 patients during a 5-year period.
Thirty four patients had right hemicolectomy, 9 patients
had diverticulectomy, and 42 patients received conservative
treatment (antibiotics or appendectomy plus antibiotics). In
34 patients receiving right hemicolectomy, the indications
for surgery included repeated attack of symptoms in six
and phlegmon, abscess, or perforation of the diverticulum
in ten. In 42 patients receiving conservative treatment,
ten patients developed recurrent diverticulitis and only
three of these ten patients had complicated diverticulitis.
However, the authors mentioned that the disease process
of cecal diverticulitis might not be benign and recurrence
of diverticulitis should be an indication for aggressive
resection. In the above studies, we guess that all patients
who underwent colonic resection would not essentially
require surgery, and conservative treatment alone might
have been sufficient in some patients. We believe that
the correct pretreatment diagnosis for right colonic
diverticulitis does not only avoid unnecessary surgery but
also allows clinicians to determine optimal management
according to the severity of the diverticulitis.
It is uncertain whether the pathophysiology of right
colonic diverticulitis is really different between Asian
and Western populations. Oudenhoven et al[7] reviewed
44 patients with right colonic diverticulitis in a Western
population (including one Asian patient). Forty one
patients were successfully treated conservatively and three
patients underwent diverticulectomy. They concluded that
the natural history of right colonic diverticulitis is benign
and surgical intervention can be avoided in the vast
majority of patients. In a large post-mortem survey of
diverticular disease, Hughes[1] reported that the incidence
of solitary cecal diverticula lies between 2.5% and 5%.
Histologically all the diverticula were thin-walled, false
diverticula and no case of cecal diverticulum had muscle
in its wall. The author mentioned that congenital cecal
diverticulum may largely be a pathological myth. Graham
and Ballantyne[9] reviewed the American experiences.
Among 128 histologic cases compiled from the medical
literature, they found that 52 (41%) were true diverticula
while 76 (59%) were, in fact, false diverticula. In addition,
among 288 cases gathered from the literature, 233 (81%)
were solitary, while 55 (19%) were multiple. In the
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present study, nine of 15 patients who underwent colonic
resection were reported to have multiple false diverticula.
Of 87 patients receiving double-contrast barium enema
or colonoscopy, multiple diverticula were reported
in 62 patients (71.3%) and solitary diverticulum was
reported in 13 patients (14.9%). The incidence of true
or false diverticula in the right colon is not well known,
particularly between Western and Asian populations. This
is because the pathologic differentiation between true
and false diverticula may be difficult once inflammation
occurs[4], and to our knowledge, the type of diverticula
in right colonic diverticulitis has not been pathologically
described in the Asian literature.
Some authors who advocate aggressive resection
for right colonic diverticulitis assert that leaving the
diseased foci in situ with the possibility of developing
some serious complications later seems to be impractical and recurrence of diverticulitis should be an indication for aggressive resection. If recurrence is high and
complications frequent, surgical resection is essentially
required. However, after successful conservative treatment, a recurrence rate of 3.6% to 23.8% has been
reported in the literature[5,7,8,20,21,30]. Ngoi et al[31] reported
a recurrence rate of 1.5%, but 38% of their patients
underwent diverticulectomy. It is interesting to note that
in these studies, there was little complicated diverticulitis
in recurrent cases: Fang et al[5] reported three complicated cases in 10 recurrences in 42 patients receiving
conservative treatments, and Harada et al[30] reported one
complicated case in four recurrences in 29 patients. The
other authors reported that all of the recurrent cases
were uncomplicated diverticulitis, which responded well
to medical therapy. Komuta et al[8] mentioned that recurrent uncomplicated right colonic diverticulitis responded
well to medical therapy regardless of the number of
recurrences. In our study, 15 of 183 patients (8.2%) who
responded to medical therapy developed recurrent diverticulitis. All 15 patients had uncomplicated diverticulitis, and were successfully treated with medical therapy.
Therefore, we believe that if the recurrence rate after
conservative treatment is not high and if complications
are not frequent even after recurrence occurs, recurrence
of right colonic diverticulitis should initially be an indication for medical treatment and not for surgery.
In conclusion, our results indicate that right colonic
diverticulitis is essentially benign and image-guided
conservative treatment is primarily required. Although our
study is limited by the retrospective design and relatively
few recurrent patients, our results suggest that recurrence
after conservative treatment of right colonic diverticulitis
is low, and rarely associated with complicated diverticulitis.
Thus, recurrence of right colonic diverticulitis should
initially be an indication for medical treatment, while
surgical resection should be selectively considered for
patients with complicated diverticulitis.
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induced endotoxemia results in small intestinal mucosa
+
injury. The number of M-cells, DCs, CD8 T cells, and
+
IgA B cells were decreased while Tr cell and apoptotic
lymphocyte numbers were increased significantly. The
+
number of CD4 T cells increased in the early stages
and then slightly decreased by 24 h. The level of IL-4
significantly increased in the early stages and then
reversed by the end of the study period. The level of
IFN-γ increased slightly in the early stages and then
decreased markedly by the 24 h time point. Level of
Foxp3 increased whereas sIgA level decreased.
CONCLUSION: Mucosal immune dysfunction forms
part of the intestinal barrier injury during endotoxemia.
The increased number and function of Tr cells as well
as lymphocyte apoptosis result in mucosal immunodeficiency.
© 2009 The WJG Press and Baishideng. All rights reserved.
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Abstract
AIM: To investigate the dysfunction of the immunological barrier of the intestinal mucosa during endotoxemia and to elucidate the potential mechanism of this
dysfunction.
METHODS: Male Wistar rats were randomly distributed into two groups: control group and lipopolysaccharide (LPS) group. Endotoxemia was induced by a single
caudal venous injection of LPS. Animals were sacrificed
in batches 2, 6, 12 and 24 h after LPS infusion. The
number of microfold (M)-cells, dendritic cells (DCs),
+
+
CD4 T cells, CD8 T cells, regulatory T (Tr) cells and
+
IgA B cells in the intestinal mucosa were counted
after immunohistochemical staining. Apoptotic lymphocytes were counted after TUNEL staining. The levels of
interleukin (IL)-4, interferon (IFN)-γ and forkhead box
P3 (Foxp3) in mucosal homogenates were measured
by ELISA. The secretory IgA (sIgA) content in the total
protein of one milligram of small intestinal mucus was
detected using a radioimmunological assay.
RESULTS: This research demonstrated that LPS-
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INTRODUCTION
Endotoxemia can induce sepsis which is among the
leading causes of death in noncardiac intensive care
units (ICUs) in the US, with approximately 750 000 cases
and up to 200 000 deaths per year[1]. An epidemiological
investigation in 3665 ICUs in China showed that the
overall hospital mortality of severe sepsis is 48.7%; the
mean hospital cost is $11 390 per patient at a mean cost
of $502 per patient per day[2]. Despite hospital mortality
of 20% for simple sepsis and 40% or higher for severe
sepsis or septic shock, there has nonetheless been
improvement over the past decade[3].
Lipopolysaccharide (LPS) is a component of the outer
cell wall of gram-negative bacteria, which gives rise to
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various manifestations of gram-negative endotoxemia
and septic shock [4]. Endotoxemia-induced sepsis has
been associated with deleterious functional and structural
changes in many organs, such as the gastrointestinal tract[5],
lungs, and other organs. During sepsis, the most frequent
complications within the gastrointestinal tract are mucosal
barrier dysfunction and ileus[6]. One of the most important
functions of the gastrointestinal tract is the ability to
act as a mucosal barrier to infections. Mucosal barrier
dysfunction plays an important role in the pathophysiology
of sepsis by promoting bacterial stasis, bacterial over
growth, and bacterial translocation, which can lead to
the development of secondary infections and multiple
organ failure[7]. Intestinal mucosal barriers consist of a
mechanical barrier, a chemical barrier, an immunological
barrier, and a biological barrier[8]. Damage to any one of
these components causes mucosal barrier dysfunction.
The immunological barrier is considered as the first line of
defense of the intestinal mucosa from bacterial invasion[9]
and plays an important role in the overall defense. It
consists of Peyer’s patches, which are the induction sites
of the immune response, and diffused lymphoid tissue
which are the effector sites. Intestinal mucosa immune
responses rely largely on humoral immunity. The primary
functions of the immunological barrier include [10-12]
inhibiting bacterial adhesion to the mucosa so that
they can be eliminated, neutralizing viruses and toxins,
enclosing some antigens of acquired extraneous material
to prevent systemic reactions, activating the complement 3
(C3) pathway, participating in the anti-infection effect, and
protecting probiotics. Therefore, damage to the intestinal
immune barrier will result in bacterial translocation and
gut-derived endotoxemia.
Previous studies have discussed the changes to
immunity during sepsis, but what happens to immunity,
specifically the gut immunity, during endotoxemia before
sepsis is not clear. Thus in the present study, changes
to the number and function of intestinal mucosal
immune cells in rats with endotoxemia were observed
to investigate whether dysfunction of immunological
barrier occurred during endotoxemia and to elucidate
the potential mechanism of this dysfunction.

MATERIALS AND METHODS
Animals
Male Wistar rats weighing 200.5 ± 12.3 g were purchased
from Vital River Laboratories (Beijing, China). The
rats were fed a standard laboratory chow diet (Vital
River Laboratories) for 72 h before the experiment and
maintained at 24 ± 1℃, at a relative humidity of 50% ±
1% with a 12/12-h light/dark cycle. The animals were
fasted for 12 h before the experiment, allowing free
access to water. All animals were handled according to
the institutional criteria for the care and use of laboratory
animals in research.
Methods
Establishment of animal model: A total of 80 animals
were included and randomly distributed into the control
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Figure 1 A sample image of immunohistochemical staining and TUNEL
staining. Some sample cells are circled to illustrate the positive cells that were
counted (400 ×).

group (40 rats) and LPS (Escherichia coli, O55: B5, Sigma,
St Louis, MO, USA) group (40 rats). In accordance with
the study of Cheng et al[13], endotoxemia was induced
by a single caudal venous injection of LPS at 10 mg/kg,
while control animals received caudal venous injections
of saline. Ten animals were sacrificed in each group at
each time point (2, 6, 12 and 24 h) after LPS infusion.
Histological testing: Small intestinal tissue was
obtained from the middle part of the ileum. Samples
were fixed in 4% paraformaldehyde and then observed
by hematoxylin and eosin (HE) staining to explore the
histopathological changes in the intestinal mucosa.
Cytological testing: A 5-cm-long tissue section with
Peyer’s patches cut off was obtained from the ileum
near the cecum and observed by immunohistochemical
staining after fixation in 4% paraformaldehyde to
investigate immune cell changes in the mucosa. The fixed
tissue was transferred to phosphate buffer solution (PBS)
overnight at 4℃ and then transferred to 30% sucrose
for 2 h at 4℃. Then the tissue was mounted in optimum
cutting temperature (OCT) embedding medium and
placed on dry ice until frozen before cryosectioning of
4 μm thick continuous slides. The slides were washed 3
× 5’ (3 times, 5 min each) with PBT (Phosphate Buffer
Saline with 0.02% Tween 20). Next, 500 μL of diluted
primary antibody in blocking buffer (containing 40 mL
PBT, 400 μL heat-inactivated goat serum, 400 μL heatinactivated donkey serum, 400 μL 10% Triton X-100) was
added to each slide before they were covered and stored
at 4℃ overnight. The slides were then washed 6 × 5’ with
PBT before the addition of 500 μL of diluted secondary
antibody in blocking buffer to each slide. The slides were
then covered and incubated at room temperature for 90
min before being washed 6 × 5’ with PBT. The slides
were then mounted with Vectashield. After staining, six
clear-viewed slides were selected from each group and
two viewing fields for each slide at high magnification (400
×) were randomly selected for counting immune cells.
Brownish-yellow stained lymphocytes were an indication
of positive cells (Figure 1). Rabbit anti-rat cytokeratin 8[14],
integrin αE2[15], cluster of differentiation (CD) 4, CD8,
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neuropilin-1 (NRP-1)[16] and immunoglobulin A (IgA)
polyclonal antibodies were purchased from Biosynthesis
Biotechnology (Beijing, China) to indicate microfold cells
(M-cells), dendritic cells (DC), CD4+ thymus dependent
lymphocytes (T cells), CD8 + T cells, CD4 +CD25 + T
cells (regulatory T cell, Tr) and IgA+ bursa dependent
lymphocytes (B cells), respectively.
The terminal deoxynucleotidyl transferase mediated
dUTP-biotin nick end labeling (TUNEL) assay was used
to observe apoptotic lymphocytes in the small intestinal
mucosa. The TUNEL kit was obtained from Roche
Diagnostics (Indianapolis, IN, USA) to label apoptotic
lymphocytes. The slides were deparaffinized in two
changes of xylene for 5 min each, hydrated with two
changes of 100% ethanol for 3 min each and 95% ethanol
for 1 min, and then rinsed in distilled water. Slides were
then incubated in TdT reaction buffer for 10 min before
incubation in TdT reaction mixture for 1-2 h at 37-40℃ in
a humidified chamber. The reaction was stopped by rinsing
the slides in stop wash buffer for 10 min. The slides were
then rinsed 3 × 2’ in PBT before incubation with FITCAvidin D in PBS for 30 min at room temperature. Slides
were then rinsed 3 × 2’ in PBT, counterstained with PI or
DAPI for 20 min and rinsed in PBS for 5 min. Slides were
then mounted with Vectashield. Brownish-yellow stained
lymphocytes were an indication of positive cells. The
intraepithelial apoptotic lymphocytes were identified and
counted.
Detection of IL-4, IFN- γ and Foxp3: The small
intestinal mucosa was stripped off by circumferentially
pushing the muscularis with a moist cotton applicator,
as described previously[17] and then weighed to prepare a
10% homogenate by adding an appropriate amount of
normal saline. The homogenate was then centrifuged
at 3000 × g for 10 min at 0℃. The supernatant was
harvested and diluted with normal saline to make a
1% homogenate. The levels of interferon-γ (IFN-γ),
interleukin-4 (IL-4) and forkhead box P3 (Foxp3) in
the homogenate were measured by enzyme-linked
immunosorbent assays (ELISA) to evaluate the function
of Helper T-cell (TH) 1, TH2 and Tr cells. The IFN-γ
and IL-4 ELISA kits were obtained from R&D Systems
(Minneapolis, MN, USA). The Foxp3 ELISA kit was
obtained from Adlitteram Diagnostic Laboratories (San
Diego, CA, USA). The ELISA assays were performed
according to the manufacturer’s instructions.
Detection of sIgA: Secretory IgA (sIgA) was detected
using a radioimmunological assay (RIA). A 10-cm-long
tissue section was obtained from the small intestine,
dissected and carefully washed with normal saline.
Small intestinal mucus was collected into an Eppendorf
tube, and 1 mL of 0.01 mol/L PBS was added into the
Eppendorf tube. The solution was then centrifuged at
3000 × g for 10 min at 0℃. The supernatant was then
harvested and the level of sIgA was measured by a double
antibody sandwich RIA purchased from Beijing Nuclear
Research Center (Beijing, China). The total protein level
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of the intestinal mucus was assayed by the Bradford
brilliant blue method simultaneously. The sIgA content
in 1 mg of total protein from small intestinal mucus was
detected.
Statistical analysis
All statistical analyses were performed using the SPSS
15.0 software package. All data were expressed as the
mean ± SD. Group comparisons were carried out using a
one-factor analysis of variance. P < 0.05 was considered
statistically significant.

RESULTS
Mortality of rats in different groups
During the course of the study there were no rats that
died in the control group. A total of 5 rats died in the
LPS group; 3 at 12 h and 2 at 24 h after LPS injection.
Histological changes
As shown in Figure 2, the intestinal mucosa of salinetreated rats was complete and the villi were presented
in an orderly fashion. Samples displayed no abnormal
epithelial cell morphology and there was no evidence
of congestion, edema or infiltration of inflammatory
cells (Figure 2A). In contrast, the intestinal mucosal villi
of rats with endotoxemia were loosened and atrophic
where the epithelial cells were necrotic. The mucosa was
edematous and infiltrated with inflammatory cells (Figure
2B-E). These abnormal changes to the intestinal mucosa
were most obvious 12 h after LPS injection (Figure 2D).
Numbers of immune cells and apoptotic lymphocytes in
the intestinal mucosa
The effects on the immune system induced by LPS were
assessed in the rat intestinal mucosa (Figure 3). We found
that M-cell and CD8+ T cell numbers in the small intestinal
mucosa were significantly decreased 6 and 12 h after LPS
challenge compared to controls. Furthermore, the number
of DCs was significantly decreased after 2, 6 and 12 h. In
contrast, the number of CD4+ T cells was significantly
increased after 6 and 12 h, before decreasing slightly by 24 h,
although this decrease was not statistically significant.
The number of Tr cells was significantly increased at 2,
6 and 12 h. The number of IgA+ B cells and apoptotic
lymphocytes were significantly increased at all time points.
Levels of IL-4, IFN-γ and Foxp3 in the small intestinal
mucosa
As shown in Figure 4, the level of IL-4 was significantly
increased in the small intestinal mucosa after 2 h before
significantly decreasing after 6 and 12 h in LPS-treated
animals compared with controls. The level of IFN-γ was
increased slightly after 2, 6 and 12 h before decreasing
markedly by 24 h. The level of Foxp3 was significantly
increased after 12 and 24 h.
Level of intestinal mucus sIgA
As shown in Figure 5, LPS induced a significant decrease
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Figure 2 Representative images of the histological changes in the small intestinal mucosa of rats after LPS injection. A: The intestinal mucosa of normal rats
was complete and the villi were in an orderly fashion with no abnormal morphology present in the epithelial cells, as well as no manifestation of congestion, edema or
infiltration of inflammatory cells; B-E: Representative of the changes 2, 6, 12 and 24 h after LPS treatment. The intestinal mucosal villi of rats with endotoxemia were
loosened and atrophic while the epithelial cells were necrotic and the mucosa was edematous and infiltrated with inflammatory cells. The LPS-induced changes to the
intestinal mucosa were most obvious in the rats after 12 h.

in sIgA levels in rat intestinal mucus after 2, 12 and 24 h
compared with controls.

DISCUSSION
This study has demonstrated that LPS-induced endo
toxemia results in small intestinal mucosa injury. The
number of M-cells, DCs, CD8+ T cells and IgA+ B cells
were decreased and the number of Tr cells and apoptotic
lymphocytes were increased significantly. The number
of CD4+ T cells was increased in the early stages before
slightly decreasing by the end of the study period.
Similarly, the level of IL-4 was significantly increased
at early time points and then reversed by the 24 h time
point, while IFN-γ levels were also increased slightly at
early time points before decreasing markedly by the end
of the study. The level of Foxp3 was increased whereas
the level of sIgA decreased.
Many researchers have demonstrated that the digestive tract is the largest immune organ in the body[18]. The
immune response of the digestive tract mucosa primarily
relies on humoral immunity. The induction site of mucosal immune responses is at the Peyer’s patches and the
effector site is at the mucosa[19]. The mucosal immune
response involves a number of processes: the M-cells
of the Peyer’s patches collect granular antigens and pass
them to DCs and macrophages which can then activate
the T cells. The activated T cells will further activate B
cells and the latter will produce antigen-specific sIgA after homing to the effector site.
During endotoxemia, oxidative stress causes direct
damage to cells and tissues and is involved in inflammatory cytokine production. The response of the immune

system to LPS is an inflammatory reaction in the early
phase and anti-inflammatory reaction in the later period[20].
LPS can activate phagocytes, stimulating them to release large amounts of cytokines and inflammatory factors
which can further induce microcirculatory disturbances
and intestinal epithelium injury, resulting in intestinal barrier damage[21]. In this study, it was observed that the small
intestinal mucosa was injured in rats with endotoxemia,
suggesting that the intestinal barrier was damaged and that
the most severe damage occurred 12 h after LPS injection.
This study also demonstrated that the immune function
of the small intestinal mucosa changed most significantly
after 12 h, indicating that the immune barrier dysfunction
was a part of intestinal mucosal barrier injury.
To investigate the changes to local immune induction during endotoxemia we observed the numbers of
M-cells and DCs in the intestinal mucosa. M-cells are a
special kind of intestinal epithelium mucosa cell that can
play a role by delivering antigen to antigen presenting
cells (APCs). It is believed that the M-cell is the first step
in intestinal immunity[22]. It has been observed that the
number of M-cells decreased and the intestinal barrier
was damaged during chronic intestinal inflammation and
bacterial invasion[23]. In this study, we found the same
change in M-cells during acute LPS stimulation, suggesting that endotoxemia could impair the first step of intestinal immunity. DCs are a kind of APC and a previous
study by Hotchkiss et al[24] demonstrated DC depletion in
patients with sepsis. In this study, a decrease in DC number was observed in the intestinal mucosa, suggesting the
same change in rats with endotoxemia. The decreases in
M-cell and DC numbers in the small intestinal mucosa in
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Figure 3 The number of immune cells and apoptotic lymphocytes in the intestinal mucosa. A: The number of M-cells was significantly decreased after
6 and 12 h in the LPS group; B: The number of DCs was significantly decreased after 2, 6 and 12 h in the LPS group; C: The number of CD4+ T cells was
significantly increased after 6 and 12 h before slightly decreasing by 24 h in the LPS group; D: The number of CD8+ T cells was significantly decreased after
6 and 12 h in the LPS group; E: The number of Tr cells was significantly increased after 2, 6 and 12 h in the LPS group; F: The number of IgA+ B cells was
significantly increased at all time points in the LPS group; G: The number of apoptotic lymphocytes was significantly increased at all time points in the LPS
group. aP < 0.05.
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mucus sIgA was significantly decreased after 2, 12 and 24 h in the LPS
group. aP < 0.05.
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Figure 4 Levels of IL-4, IFN-γ and Foxp3 in small intestinal mucosa.
A: The level of IL-4 was significantly increased after 2 h and significantly
decreased by 6 and 12 h in the LPS group; B: The level of IFN-γ was increased
slightly after 2, 6 and 12 h and decreased markedly by 24 h in the LPS group;
C: The level of Foxp3 was significantly increased after 12 and 24 h in the LPS
group. aP < 0.05.

rats with endotoxemia implied that the induction of local immune responses was impaired.
T lymphocytes, especially the Tr cells, play a major
regulatory role in mucosal immunity. T cells can be classified into CD4+ T cells and CD8+ T cells according to
the different protein markers on their cell surface. TH
cells and Tr cells belong to the CD4+ T cell family. TH
cells can be further divided into TH1 and TH2, where
TH1 secretes inflammatory factors such as IFN-γ to
mediate the protective immune response while TH2 secretes anti-inflammatory factors such as IL-4 to mediate
the non-specific immune response[25]. A previous study
demonstrated a TH1/TH2 drift[26], suggesting that the
immune response progressed from being active to a sup-

pressed state during sepsis, while a further study demonstrated that it was Tr cells that mediated this drift[27]. In
addition, other studies have demonstrated that Tr cells
could selectively kill and directly suppress B cells[28,29]. It
was reported that circulating Tr numbers were markedly
elevated and induced immunoparalysis in sepsis[30]. The
development and function of Tr cells can be investigated by the expression level of Foxp3[31]. CD8+ T cells
include cytotoxic T (Tc) cells and suppressor T (Ts) cells,
which are the effector cells of cell immunity and suppressors of TH cells, respectively. In accordance with
Bruder et al[16] study, we inferred Tr cell numbers from a
single marker of NPR-1 positive cells in our study. We
only observed the intraepithelial NPR-1 positive cells to
exclude interference since NRP-1 can be expressed by
other cells such as DCs. Our study showed that CD4+
T cells increased in the early stages of endotoxemia before sepsis and then slightly decreased in the later phase,
while CD8+ T cells decreased and Tr cells increased in
the small intestinal mucosa in rats with endotoxemia. It
should also be noted that in this study the level of IL-4
increased at the beginning and then decreased by the end
of the study whereas the level of IFN-γ demonstrated
the opposite change and the level of Foxp3 increased.
Though a lot of activated immunological cells can secrete IL-4 and IFN-γ, the effects of IL-4 and IFN-γ
remained unchanged. Similarly, Foxp3 is not exclusively
expressed by Tr cells but also by activated effector T
cells. The combination of an increase in NRP-1 cells
and intestinal Foxp3 levels could suggest that Tr cells
are increased. These results suggest a trend of immune
changes whereby cellular immunity progressed from an
active to a suppressed state during endotoxemia before
sepsis. It can be concluded from this study that the rise
in the number and function of Tr cells is one of the major reasons for immunosuppression in the small intestinal mucosa of rats with endotoxemia before sepsis.
IgA+ B cells are identified by positive IgA staining,
because only B cells produce IgA or have surface IgA. A
previous study showing decreases in the level of sIgA,
the number of IgA+ B cells and the number of Gramnegative bacteria enclosed by sIgA in the intestinal tract
during stress suggested that humoral immune function
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was inhibited dramatically[32]. Our study demonstrated
that the level of sIgA and the number of IgA+ B cells
diminished during endotoxemia, suggesting that LPS-induced endotoxemia inhibited humoral immune function
of the digestive tract in accordance with the previous report. One explanation for this could be due to the rise in
the number and function of Tr cells, as demonstrated in
our study, which could lead to the suppression of B cell
function.
Mongini et al[33] reported that relocation of endotoxin
after injury can increase the number of apoptotic lymphocytes. Our research demonstrated a similar change,
with an increase in the number of apoptotic lymphocytes in the intestinal mucosa of rats with endotoxemia.
This could contribute to the immunosuppression of the
small intestine in rats with endotoxemia.
In conclusion, our study showed that mucosal immune barrier dysfunction was a part of intestinal mucosal barrier injury. Cellular immunity was active in the
early phase of endotoxemia and suppressed in later periods, humoral immunity was abnormal and lymphocyte
apoptosis was increased. Our study suggests that the increased number and function of Tr cells and the increase
in lymphocyte apoptosis are the reasons for intestinal
mucosal immunodeficiency. Based on these findings, an
earlier protective or immunoregulative treatment aimed
at gastrointestinal immune function may be of benefit
to severely infected patients. We suggest future studies
could be designed to test this hypothesis.

and some non-leukocytic cells, which act as intercellular mediators. Sepsis is
defined as infection plus systemic manifestations of infection.
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Abstract
AIM: To investigate the safety and efficacy of implanting fibrin sealant with sustained-release ropivacaine in
the gallbladder bed for pain after laparoscopic cholecystectomy (LC).
METHODS: Sixty patients (American Society of Anes
thesiologists physical status was Ⅰ or Ⅱ and underwent
LC) were randomly divided into three equal groups:
group A (implantation of fibrin sealant in the gallbladder
bed), group B (implantation of fibrin sealant carrying
ropivacaine in the gallbladder bed), and group C (normal
saline in the gallbladder bed). Postoperative pain was
evaluated, and pain relief was assessed by visual analog
scale (VAS) scoring.
RESULTS: The findings showed that 81.7% of patients
had visceral pain, 50% experienced parietal, and 26.7%
reported shoulder pain after LC. Visceral pain was
significantly less in group B patients than in the other
groups (P < 0.05), and only one patient in this group
experienced shoulder pain. The mean VAS score in group
B patients was lower than that in the other groups.
CONCLUSION: Visceral pain is prominent after LC
and can be effectively controlled by implanting fibrin
sealant combined with ropivacaine in the gallbladder
bed.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Since the widespread adoption of laparoscopic cholecystectomy (LC) in the late 1980s, LC has become the gold
standard for chronic cholecystitis[1]. Postoperative pain
after LC is generally less than that after open cholecystectomy, however, the postoperative pain experienced
by patients still causes preventable distress. Treating
postoperative pain is an important and primary objective, because it affects patients’ comfort, postoperative
morbidity, and, inevitably, social costs due to prolonged
hospitalization and work inactivity. Pain after LC can
be divided into three components, namely, visceral, parietal, and shoulder pain, with different intensities and
time courses[2]. LC is mainly associated with visceral
pain[3] which may refer to the shoulder in 35% to 60%
of cases[4,5]. Various treatments have been proposed to
make this surgery as pain-free as possible[6-8]. The main
objective of this study was to assess the effectiveness of
implanting fibrin sealant combined with ropivacaine in
the gallbladder bed for pain control after LC.

MATERIALS AND METHODS
The study was designed as a single-center, randomized
trial. Of the 78 patients who underwent LC from October 2008 to August 2009, 60 patients (42 women, 18
men) were enrolled in this study, which was performed
after approval was received from the Ethics Committee
of Beijing Tongren Hospital, Capital Medical University.
All patients whose American Society of Anesthesiologists (ASA) physical status were Ⅰ or Ⅱ underwent
diagnostic abdominal ultrasound, liver function tests,
and coagulation profile along with hematologic and
biochemical investigations. Patients with previous major
upper abdominal surgeries, choledocholithiasis, acute
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cholecystitis, or conversion to open cholecystectomy
were excluded from the study. Patients with a body mass
index higher than 35, and those with diminished liver
and kidney functions were not evaluated in this study.
The visual analog pain evaluation scale (VAS) was introduced to the patients before surgery and the details
of the study were explained to the patients. All patients
stated that they understood the VAS. Patients who were
unable to comprehend the scale were not included in the
study. Only patients who were suitable and compatible
with the study design were included. The patients were
randomly divided into 3 equal groups with the help of
computer-generated randomization numbers.
All patients underwent LC under a standard general
anesthetic technique for premedication and during
the intraoperative period. The anesthetist performed
intraoperative, noninvasive monitoring. Ventilation was
adjusted to maintain an end-tidal CO2 pressure below
38 mmHg. Second-generation cephalosporin (cefoxitin)
1 g was injected intravenously before the induction of
anesthesia. LC was carried out using the standard threeport technique, and CO2 pneumoperitoneum pressure
was maintained at 14 mmHg throughout the procedure.
The procedures were performed by the same experienced
surgeon. After complete hemostasis and the gallbladder
bed washed with normal saline, the different treatments
were performed according to the different groups. Group
A: Fibrin sealant (5 mL) (Guangzhou Bioseal Biotech,
Guangzhou, China) was implanted in the gallbladder
bed. Group B: Fibrin sealant (5 mL) combined with
ropivacaine (1 mg/kg body weight) was implanted in
the gallbladder bed. Group C: The gallbladder bed was
douched with normal saline only.
Following LC, carbon dioxide was evacuated through
the ports by applying gentle pressure all over the abdomen. Gallbladders were taken out of the peritoneal cavity via the umbilical incision. Rescue analgesia (intramuscular dolantin 50 mg) or rescue antiemetic (intramuscular
ondansetron 8 mg) was administered if the VAS was
higher than 10 or the patient complained of vomiting.
The amount of dolantin used was noted.
The degree of postoperative pain was assessed every
4 h in the first 12 h after surgery and then every 12 to
48 h, using a VAS (0 = no pain, 10 = worst possible pain),
by nursing staff who were unaware of the perioperative
intervention. The character of the pain was also assessed
simultaneously. Visceral pain was defined as deep-seated
pain located in the right hypochondrium or referred to
the shoulder. Parietal pain was defined as incisional pain
located at the trocar sites.
Statistical analysis
Data were expressed as the mean ± SE. All data were
prepared and compiled using SPSS 16.0 software.
Statistical differences were determined by ANOVA using
the Dunnet procedure in non-repeated measures obtained
by the mean postoperative VAS scores for the various
groups. Categorical variables were recorded as numbers
(percentages) and compared by using the χ2 test with
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Table 1 Patient characteristic data (mean ± SE)
Variables
Age (yr)
Weight (kg)
Sex (M/F)
Duration of
anesthesia (min)
Duration of
surgery (min)

Group A

Group B

Group C

41.6 ± 16.1
62.6 ± 18.3
14/6
106.7 ± 21.4

42.2 ± 14.7
65.3 ± 16.8
14/6
98.2 ± 24.3

40.8 ± 17.6
64.7 ± 19.1
14/6
103.7 ± 25.7

66.4 ± 20.1

62.8 ± 19.5

68.5 ± 18.3

Table 2 Multiple comparisons of visual analog scale (VAS)
scores for various groups vs group C (the control) (mean ± SE)
Time (h)

Group

n

VAS

P value

G1
G2
G3
G1
G2
G3
G1
G2
G3
G1
G2
G3
G1
G2
G3
G1
G2
G3

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

7.2 ± 2.8
4.3 ± 1.2
8.3 ± 3.5
6.5 ± 3.7
3.4 ± 1.6
7.0 ± 3.1
5.1 ± 1.9
2.5 ± 0.8
5.9 ± 2.0
3.5 ± 1.3
1.8 ± 0.9
4.0 ± 1.8
2.7 ± 1.2
1.2 ± 0.6
2.9 ± 1.0
2.0 ± 0.8
0.8 ± 0.3
2.2 ± 0.8

0.547
0.007

4

8

12

24

36

48

0.435
0.008
0.327
0.001
0.264
0.001
0.362
0.001
0.538
0.001

Yates correction. The threshold for statistical significance
was considered P < 0.05.

RESULTS
The 60 study patients (42 women and 18 men) varied in
age from 25 to 63 years (median, 41.2 years). The three
groups did not differ in mean age, body weight, or ASA
status. None of the patients had a history of jaundice
or gallstone pancreatitis. Eleven patients (18.3%) had
previously undergone lower abdominal surgery. There was
no significant difference in the duration of surgery among
the three groups (P = 0.587): 66.4 ± 20.1 min for group A,
62.8 ± 19.5 min for group B, 68.5 ± 18.3 min for group C
(Table 1).
The VAS score decreased after surgery in all patients.
Analysis of variance followed by multiple comparisons
using the Dunnet procedure, with group C used as a
control, suggested that the mean VAS score for group B
was significantly less than that for group A and C. The
mean VAS scores for group A were lower than Group C,
but the difference was not significant (Table 2).
The overall incidence of visceral, parietal, and shoulder pain in our study were 81.7%, 50.0%, and 26.7%,
respectively. However, the incidence of visceral pain in
group B was less than that in the other groups (P < 0.05)
(Table 3). The number of patients in group B experiencing visceral pain after surgery was also significantly lower
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Table 3 Character of pain after laparoscopic cholecystectomy
n (%)
Group

n

Visceral

Parietal

Shoulder

A
B
C
Total

20
20
20
60

18 (90.0)
12 (60.0)
19 (95.0)
49 (81.7)

10 (50.0)
9 (45.0)
11 (55.0)
30 (50.0)

7 (35.0)
1 (5.0)
8 (40.0)
16 (26.7)

than that in the other groups (P < 0.05). The overall
incidence of parietal pain was 50.0% in group A, 45.0%
in group B and 55.0% in group C (P > 0.05). There was
no difference in the incidence of parietal pain between
the three groups. Only one patient in group B reported
shoulder pain, as compared with 16 (26.7%) of the 40
patients in groups A and C (P < 0.01).
Rescue analgesia (intramuscular pethidine hydrochloride 50 mg once) was administered if the VAS was higher than 10. The amount of pethidine hydrochloride used
per capita in group B (2.5 ± 11.2 mg) was significantly
lower than that in group A (30.0 ± 25.1 mg) and group
C (25.0 ± 25.6 mg).

DISCUSSION
Even though postoperative pain after LC is markedly
less than that after open cholecystectomy, pain is still the
patient’s first complaint after LC[9]. Although postoperative
pain is reduced compared to laparotomic surgery [10],
effective analgesic treatment still remains crucial for early
patient discharge[11]. Usually, postoperative pain following
LC peaks immediately after surgery, and decreases within
24 h, and then increases to a second or even a third peak
later[12].
The incidence of pain after laparoscopy may be
attributed to the carbon dioxide gas (CO2) used to induce
pneumoperitoneum[13,14]. CO2 remains in the peritoneal
cavity for several days after surgery and causes stretching
of the phrenic nerve endings[15], local hypothermia, and
diaphragmatic irritation via carbonic acid[16]. The benefit
of using intraperitoneal local anesthetics for shoulder and
abdominal pain control has been proven[7,17-19], however,
several other studies did not confirm these findings[20-23].
Pain after LC includes three components, visceral, parietal, and shoulder pain[3]. In the early postoperative period,
many studies report that visceral pain is predominant, especially during the first hours after surgery[3]. At the same
time, parietal pain is less intense because of the small incisions and limited damage to the abdominal wall. Shoulder
pain may occur later with visceral pain. The most common
location of postoperative pain is in the right upper quadrant, followed by the trocar site and the shoulder[24].
In this study, all operations were progressed according
to the line of least tissue damage. We took the gallbladder out of the peritoneal cavity via the umbilical incision
which was less sensitive than the other incisions. Thus, we
observed that parietal pain was mild in this study and did
not contribute substantially to the VAS score.
Fibrin sealant has been an extremely effective and
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widely used adjunct to surgical procedures for the
control of diffuse slow bleeding over large surfaces. In
addition, fibrin sealant has been used as a carrier for other
compounds. Thus, it has been used to release medicines
slowly at a fixed site which are therefore effective for a
long time.
We observed a significant reduction in pain after
gallbladder bed implantation of fibrin sealant combined
with ropivacaine. This effect was indirectly reflected in
the progressive reduction in both the VAS score and
visceral pain in this group of patients. This suggests that
the progressive reduction in the VAS score in this group
of patients was primarily attributable to the effective
control of visceral pain.
The VAS score for the patients with fibrin sealant
alone implanted in the gallbladder bed was less than that
of the control group, although the differences were not
statistically significant. This suggests that the gallbladder
bed with implanted fibrin sealant alone may lead to a
slight relief in postoperative pain.
Verma et al[19] reported that visceral pain is prominent after LC and can be effectively controlled by 0.5%
bupivacaine-soaked Surgicel in the gallbladder bed alone.
They used bupivacaine 0.5% (2 mg/kg) instilled over the
oxidized regenerated cellulose strips (Surgicel) in the gallbladder bed, and found that the postoperative pain was
significantly less in the these patients than in the control
groups (bupivacaine infiltrated at the trocar sites and normal saline in the gallbladder bed and at the trocar sites).
These findings are in accordance with the anatomical
characteristics of the phrenic nerve which supplies the
gallbladder, porta hepatis, and liver, while sharing the
root of nerves to the shoulder[25]. We used fibrin sealant
carrying ropivacaine adhered to the gallbladder bed.
Using this method, ropivacaine was released slowly and
the stickiness of the fibrin sealant ensured that the drug
remained in contact with the wound for a longer period
of time. In our study, implanting fibrin sealant combined
with ropivacaine in the gallbladder bed was effective in
controlling shoulder pain, and only one of the patients in
this treatment group experienced shoulder pain.
In conclusion, we conclude that implanting fibrin
sealant combined with ropivacaine in the gallbladder bed
is effective in controlling both visceral and shoulder pain
after LC.
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Abstract
AIM: To evaluate the role of genetic factors in the
pathogenesis of idiopathic infant cholestasis.
METHODS: We performed a case-control study, including 78 infants with idiopathic infant cholestasis
and 113 healthy infants as controls. Genomic DNA was
extracted from peripheral venous blood leukocytes using phenol chloroform methodology. Polymerase chain
reaction was used to amplify the multidrug resistance
protein 3 (MDR3) R652G fragment, and products were
sequenced using the ABI 3100 Sequencer.
RESULTS: The R652G single nucleotide polymorphism
(SNP) was signiﬁcantly more frequent in healthy infants
(allele frequency 8.0%) than in patients (allele frequency
2.60%) (P < 0.05), odds ratio, 0.29; 95% confidence
interval, 0.12-0.84. The conjugated bilirubin in patients
with the AG genotype was significantly lower than in
those with the AA genotype (44.70 ± 6.15 μmol/L vs
95.52 ± 5.93 μmol/L, P < 0.05).
CONCLUSION: MDR3 R652G is negatively correlated
with idiopathic infant cholestasis. Children with the
R652G SNP in Guangxi of China may have reduced
susceptibility to infant intrahepatic cholestasis.
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INTRODUCTION
Idiopathic infant cholestasis is of unknown etiology and
can occur in either a sporadic or a familial form. Most
affected infants have a good prognosis. Approximately
5%-10% have persistent inflammation or fibrosis, and a
few develop more severe liver disease, such as cirrhosis.
Although the cause of idiopathic infant cholestasis is
unknown, genetic factors have been suggested by the
existence of some other entities with cholestasis, such as
familial intrahepatic cholestasis-1 mutation in progressive
familial intrahepatic cholestasis type 1 (PFIC-1), bile
salt export pump deficiency in PFIC-2[1-3], multidrug
resistance protein 3 (MDR3) deficiency in PFIC-3[4-6].
Studies have investigated the involvement of MDR3
variants in the development of disease, and we were
interested to note that the MDR3 R652G single nucleotide
polymorphism (SNP) has a high allele frequency in
generally healthy people [7]. Our aim was to study the
MDR3 R652G SNP distribution frequency in idiopathic
infant cholestasis and healthy infants and to determine
whether there were any differences between them and, if
so, their relevance.

MATERIALS AND METHODS
Patients
Seventy eight infants were diagnosed with idiopathic
infant cholestasis in the case group and there were 113
healthy infants in the control group. The patients were
included in the study on the basis of the following crite-
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ria: (1) a history of chronic cholestasis onset in the neonatal/infant period with unknown origin; (2) presence
of hepatomegaly or hepatosplenomegaly; (3) persistent
marked serum alanine aminotransferase (ALT) activity;
(4) elevated total bile acid concentration and total bilirubin (TB), mainly marked conjugated bilirubin (CB);
(5) absence of viral infections (such as hepatitis A virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus).
For patients and healthy infants, the following biochemical parameters were recorded: serum ALT and
aspartate aminotransferase (AST); γ-glutamyltransferase
(γ-GT) and serum TB and CB.
We received informed consent from all the subjects’
guardians to take part in the study, and the protocol was
approved by the local ethical committee of the Hospital.
Polymerase chain reaction (PCR) amplified the MDR3
R652G and sequence analysis
Genomic DNA was extracted from peripheral venous
blood leukocytes using standard phenol chloroform
procedures. The DNA concentration was quantiﬁed by
spectrophotometry. Primers for MDR3 R652G were
forward (5'-CATCCATTTGGAGACACACACAC-3')
and reverse (5'-GTAGCAGTCATCTGTGCCTGAA
A-3')[7]. The primary PCR product fragments were 348
bp. PCRs for generating the R652G fragments were
generally performed in a reaction volume of 50 μL with
100 ng of genomic DNA, 1.5 U of Taq polymerase
(Fermentas), 10 × PCR buffer (Fermentas), 1.5 mmol/L
of MgCl2 (Fermentas), 200 μmol/L deoxynucleoside5-triphosphate (Takara) and 20 μmol of each primer.
PCR conditions included an initial denaturation step at
95℃ for 5 min, followed by 30 cycles of denaturation at
94℃ for 30 s, annealing at 65℃ for 30 s and extension at
72℃ for 1 min. The PCR reaction was terminated after
an extension step at 72℃ for 10 min. The PCR products
were analyzed by 2% agarose gel with 0.5 μ g/mL
ethidium bromide and quantitated approximately with
a DNA marker (Takara, DaLiang). The PCR products
sequence analysis was run in the ABI 3100 automated
DNA sequencer. Sequences were compared with the
sequence of the MDR3 in GenBank (NG_007118.1, GI:
169234676).
Statistical analysis
Data are given as mean ± SD. Comparison of the
frequency of the R652G SNP was made between patients
and controls, and the analysis of association with the
phenotype was performed by χ2 test or Fisher’s exact
test when appropriate. A P-value < 0.05 was considered
statistically significant. The data was analyzed using
SPSS 13.0. The odds ratio (OR) was calculated with the
corresponding 95% confidence intervals (95% CI). Allele
frequency was tested for the Hardy-Weinberg equilibrium.

RESULTS
The study comprised 78 infants with idiopathic infant
cholestasis and 113 controls. Details of the study groups
are shown in Table 1. The mean total bilirubin was
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Table 1 Clinical characteristics of the 78 idiopathic infant
cholestasis patients (mean ± SD)

Age (mo)
TB (mmol/L)
ALT (U/L)
AST (U/L)
γ-GT (U/L)

Patients

Controls

1.8 ± 0.31
194.43 ± 13.33a
123.80 ± 11.63a
273.86 ± 27.90a
308.60 ± 46.30a

1.2 ± 0.25
12.94 ± 5.15
29.09 ± 2.62
34.43 ± 2.43
30.22 ± 9.90

a

P < 0.05 vs control. TB: Total bilirubin; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; γ-GT: γ-glutamyltransferase.

Table 2 MDR3 R652G genotypes and allele frequencies in
patients and controls n (%)
Groups
Patients
Controls

n
78
113

Genotypes

Allele

A/A

A/G

G/G

frequency (%)

74 (94.9)
95 (84.1)

4 (5.1)
18 (15.9)

0
0

2.6
8.0

P -value
< 0.051

1

Fisher’s exact test between patients and controls for genotype frequency.
P = 0.022; OR, 0.29; 95% CI, 0.12-0.84.
A A G G C T G C C A C T N G A A T G G C C C C A A A

Figure 1 Sequence of the multidrug resistance protein-3 (MDR3) single
nucleotide polymorphism R652G (A>G).

194.43 ± 13.33 μmol/L (normal ≤ 20 μmol/L). The
mean CB was 105.75 ± 6.44 μmol/L. The mean serum
transaminase levels were 273.86 ± 27.90 and 123.80
± 11.63 U/L for AST and ALT, respectively (normal
≤ 40 U/L), and mean ser um γ -GT was 308.60 ±
46.30 U/L (normal ≤ 50 U/L). The levels were all normal
in the control group. All the patients had hepatomegaly,
and 62 of the 78 cases had splenomegaly.
PCR products sequence analysis showed a heterozygous substitution A>G (Figure 1) in codon 652 which
creates an amino acid substitution in codon R652G in
exon 16. Distribution of the genetic polymorphisms in
patients and controls is shown in Table 2. Test results
showed that the R652G genotype distribution in the 2
groups was in line with the Hardy-Weinberg equilibrium,
indicating that the selected sample was representative of
the population. The patient AG genotype frequency was
significantly lower than in the control group (P < 0.05).
The AG genotype was negatively correlated with idiopathic infant cholestasis (OR, 0.29, 95% CI: 0.12-0.84)
showing that the AG genotype has a protective effect in
the normal population (Table 2).
Biochemical markers comparison in patients with
different genotypes
The patient group was divided into 2 sub-groups ac-
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Table 3 Comparison of clinical characteristics in patient subgroups according to genotype (mean ± SD)

TB (mmol/L)
CB (mmol/L)
ALT (U/L)
AST (U/L)
γ-GT (U/L)

Patients A/A

Patients A/G

198.94 ± 14.85
95.52 ± 5.93
131.54 ± 11.91
281.29 ± 28.26
317.68 ± 47.64

91.65 ± 15.70
44.70 ± 6.15a
92.50 ± 10.01
129.25 ± 12.43
77.00 ± 18.78

CB: Conjugated bilirubin. aP < 0.05.

cording to genotype and serum biochemical parameters
were compared. The CB of the AG genotype (44.70 ±
6.15 μmol/L) was significantly lower compared with
that of the AA genotype (95.52 ± 5.93 μmol/L) (P <
0.05). Other serum markers in the sub-groups with the
2 genotypes were not significantly different (P > 0.05)
(Table 3).

DISCUSSION
Our study is the first report of the MDR3 R652G SNP
in children in China. Our data showed that the R652G
SNP had a significantly higher proportional distribution
in normal infants than in idiopathic infant cholestasis
patients. Moreover, in the cholestasis group, the CB
of AG genotype patients had a lower mean value than
in the AA genotype patients. It is known that CB is
a very important index that can reflect the extent of
intrahepatic cholestasis. For this reason, we can infer that
the R652G variant has a specific protective effect in the
normal population.
In previous studies, in the analysis of MDR3 gene
sequence variants in different countries, the R652G SNP
was the only protein-altering variant with high allele
frequency in all groups. It was 7.3% in Caucasians, 1.4%
in Japanese and 2.3% in Koreans[7]. In another study, the
variant was 7.3% in healthy Caucasians, 8.6% in primary
biliary cirrhosis patients and 12.8% primary sclerosing
cholangitis patients[8]. R652G is a MDR3 gene mutation
that results in non-synonymous amino acid substitutions
but is not associated with disease. In Switzerland, a
study showed that the MDR3 R652G variant was 7%
in healthy Caucasians, 9% in drug-induced cholestatic
patients and 4% in hepatocellular/mixed liver injury[9].
Pauli-Magnus et al[10] reported the R652G variant in 10%
of intrahepatic cholestasis pregnancy cases and 16.3% in
healthy controls.
The previous studies indicated that the R652G variant
was prevalent in the general population. Furthermore,
studies of MDR3 R652G in a variety of diseases showed
no evidence that the R652G variant was related to disease.
In our study, the R652G variant was 15.9% in healthy
children, with a higher frequency than in infant cholestasis
patients. Therefore, we believe that the AG genotype
has a protective effect in infant cholestasis, and the AG
genotype is likely to reduce the risk of children suffering
from cholestasis. In this study, the proportion of the AG
gene type in the normal population was higher than in
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previous reports from other regions, possibly because of
the existence of racial and geographic differences.
There is also another phenomenon whereby R652G
may have a protective effect and reduce the risk of suffering from disease. Jacquemin et al[11] reported one patient with intrahepatic cholestasis of pregnancy carrying
a R652G substitution, and whose biliary phospholipids
were lower than other patients. Another study showed
the A/G allele frequency was 6% in intrahepatic cholestasis of pregnancy patients and 17% in healthy controls in Sweden. The AA genotype subjects were more
likely to suffer from cholestasis[12]. Our result also confirmed this conclusion.
A recent study of gallstones in sibling pairs and
controls showed that R652G variant frequency was 18%
in patients and 25% in controls. In the control sub-groups,
subjects with the GG genotype had significantly lower
cholesterol compared with those with the AA genotype. It
is known that cholesterol is the raw material for synthesis
of bile acids[13]. This gives an indication of the direction
of future research.
It is worth noting that this is an interesting new
result. Most of the MDR3 gene variants have reported
an association with disease causation, such as PFIC and
intrahepatic cholestasis of pregnancy[14,15]. In contrast,
the R652G variant seems to have a protective effect. It
has been assumed that the missense mutation R652G is a
neutral polymorphism. Sequence comparisons of MDR3
genes identified that the glycine residue is conserved in
other species such as rat and hamster. More research will
be required to confirm that in the future.
In conclusion, the MDR3 R652G SNP is negatively
correlated with cholestasis (OR, 0.29, 95% CI, 0.12-0.84).
Children in Guangxi of China with the R652G variant
may have reduced susceptibility to infant intrahepatic
cholestasis.

COMMENTS
COMMENTS
Background

Idiopathic infant intrahepatic cholestasis is a common clinical disease that can
occur in either a sporadic or a familial form. The incidence of idiopathic infant
intrahepatic cholestasis is very high in China. If not treated early, approximately
5%-10% of patients can have persistent inflammation or fibrosis, and a few
develop more severe liver disease, such as cirrhosis.

Research frontiers

All studies in recent years on the multidrug resistance protein 3 (MDR3) variants
have involved the development of disease. However, an interesting phenomenon
is that there was no positive evidence for the MDR3 R652G variant being involved
in the pathogenesis of intrahepatic cholestasis. This study investigated the MDR3
R652G distributed allele frequency in idiopathic infant cholestasis and healthy
infants to determine whether there were any difference and, if so, their relevance.

Innovations and breakthroughs

Most studies have concentrated on MDR3 mutations in the pathogenesis of
progressive familial intrahepatic cholestasis type 3, intrahepatic cholestasis of
pregnancy and cholelithiasis. There have been few studies investigating MDR3
and idiopathic infant intrahepatic cholestasis. In order to evaluate the role of
the MDR3 R652G variant in the pathogenesis of idiopathic infant cholestasis,
the authors analyzed the MDR3 R652G polymorphism in a case-control study
in Guangxi Chinese infants. The authors found that the R652G variant was
signiﬁcantly more frequent in healthy infants than in patients. The results
showed that the R652G variant has a protective effect in healthy infants and
reduces the possibility of suffering from idiopathic infant cholestasis. The result
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was not the same as a previous study. The reason may be a result of ethnic
population differences and the variability in geographical location.

Applications

The study results suggest that the MDR3 R652G variant has a protective effect
in healthy infants. This will give further information for comparing geographical
regions, and it is very important to establish particular characteristics of MDR3
R652G that can be useful in the differential diagnosis of idiopathic infant
cholestasis, and furthermore, may establish the influence of such an single
nucleotide polymorphism (SNP) in prognosis.

Terminology

MDR3 R652G: MDR3 R652G is a SNP of the MDR3 in the 652 coding site. The
MDR3 is encoded by the ABCB4 gene, and the 652 coding site is located in
ABCB4 exon 16. The R652G is a gene mutation where the adenine (A) mutates
into guanine (G) which causes AGA>GGA resulting in arginine substitution by
glycine (R652G).
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The paper gives a significant contribution to basic science knowledge, as well
as clinical practice. Publishing this manuscript will allow further comparison with
data from other regions and help to clarify the pathogenesis of idiopathic infant
cholestasis.
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Abstract
Somatostatinomas are extremely rare neuroendocrine
tumors of the gastrointestinal tract, first described in the
pancreas in 1977 and in the duodenum in 1979. They
may be functional and cause somatostatinoma or inhibitory syndrome, but more frequently are non-functioning
pancreatic endocrine tumors that produce somatostatin
alone. They are usually single, malignant, large lesions,
frequently associated with metastases, and generally
with poor prognosis. We present the unique case of a
57-year-old woman with two synchronous non-functioning somatostatinomas, one solid duodenal lesion and
one cystic lesion within the head of the pancreas, that
were successfully resected with a pylorus-preserving
Whipple’s procedure. No secondaries were found in the
liver, or in any of the removed regional lymph nodes.
The patient had an uneventful recovery, and remains
well and symptom-free at 18 mo postoperatively. This
is an extremely rare case of a patient with two synchronous somatostatinomas of the duodenum and the pancreas. The condition is discussed with reference to the
literature.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Somatostatinomas are extremely rare and account for
< 1% of functional APUD (amine precursor uptake
and decarboxylation) cell neuroendocrine tumors of the
gastrointestinal tract[1,2], with an annual incidence of 1
case per 40 million people[3]. Somatostatinomas usually
occur within the pancreas but can also manifest in the
duodenum, and less frequently in the jejunum and cystic
duct[4-6]. Since the first description of somatostatinoma of
the pancreas in 1977[7], and duodenum in 1979[8], 100-200
cases[1,2,9] have been described in the world literature, each
occurring as a single lesion. A PubMed search resulted in
a single case report of two somatostatinomas in the same
patient, associated with type Ⅰ neurofibromatosis[10].
We present an extremely rare case with two synch
ronous non-functioning somatostatinomas, one solid
duodenal lesion and one cystic lesion within the head
of the pancreas, without other disorders such as von
Recklinghousen’s disease.

CASE REPORT
A 57-year-old woman presented with moderate epigastric pain in January 2007. Clinically, she was found to
have only mild tenderness in the epigastrium, and all
laboratory data were within normal limits. Ultrasound
(US) and computed tomography (CT) revealed a 3 cm
× 3 cm tumor in the duodenum, which was causing narrowing of its lumen to 1 cm, as well as a mass with a
gas-filled cyst within the head of the pancreas (Figure 1).
A cyst was also found within the head of the pancreas. A
barium meal confirmed the duodenal luminal narrowing,
and the tumor position above the ampulla of Vater, and
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Figure 1 Computed tomography (CT) showing well-vascularized mass
within the duodenum and in the head of the pancreas. There is also a cystic
lesion containing gas within the pancreatic mass.

upper gastrointestinal endoscopy provided a histological
specimen that indicated a neuroendocrine tumor.
At laparotomy, two separate masses were found, one
within the medial wall of the descending duodenum, and
the second within the head of the pancreas. There were
no visible or palpable secondaries within the liver or the
peritoneal cavity. As both tumors appeared resectable,
we proceeded with a pylorus-preserving Whipple’s
procedure, as well as regional lymph node dissection.
The postoperative recovery was uneventful and the
patient remains well at 18 mo.
Macroscopically, the first lesion was a well-demarcated
solid nodular suprapapillary tumor of the duodenum,
42 mm in its greatest diameter, 25 mm from the pylorus,
and penetrating 15 mm through the duodenal wall to
reach the superior margin of the head of the pancreas.
There was no obvious intrapancreatic or choledochal
infiltration of the tumor. A transverse section showed the
tumor to be composed of soft grey/yellow granular and
light brown nodular tissues (Figure 2A-D).
The second was a distinctive cystic and hemorrhagic
lesion, with a tiny fistula with the duodenum, within the
enlarged head of the pancreas. The lesion measured
36 mm in its greatest diameter, contained necrotic and
hemorrhagic coagula, and was surrounded by a thin
fibrotic pseudocapsule zone. The inner surface of the
cyst contained a layer of spongy tan/light brown tissue.
There were no other notable micromorphological
findings in the remainder of the resected pancreatic
specimen.
Histopathology of the duodenal tumor revealed a
dominant micronodular and insular growth of epithelioid
cells, with rare trabecular or solid microorganization, and
without necrotic areas (Figure 3A). The tumor cells were
packed tightly with a high degree of uniformity and illdefined ovoid/polygonal shapes. Their round nuclei
were situated centrally, with low nuclear anaplasia and
two mitotic figures per 10 high-power fields. However,
despite expansive growth and a clearly demarcated
border, peritumoral venous infiltration and micro
infiltration of the periduodenal fatty tissue was found
frequently.
The pseudocystic lesion of the pancreas showed an
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obvious neoplastic proliferation with similar histology
seen within the thin neoplastic peripheral rim. This narrow
peripheral zone was surrounded by a pseudocapsule,
and the vast majority of cells contained within the cyst
showed hemorrhagic and necrotic changes (Figure 3B).
No extrapancreatic spread or involvement of the regional
lymph nodes was found, although focal venous infiltration
was observed.
Immunohistochemistry confirmed that both tumors
were derived from a similar cell origin. There was a
significant cytoplasmic immunoexpression of panneuroendocrine markers: chromogranin A occurred
more intensely and frequently than synaptophysin (Figure
4A). There was strong somatostatin immunoreactivity
in over half of the duodenal tumor cells (Figure 4B)
and 70% of the pancreatic tumor cells (Figure 5A),
where a small percentage of cells that coexpressed
glucagon and pancreatic polypeptide immunoreactivity
were also found. Proliferative activity measured using
Ki-67 protein labeling indices was approximately 3.5%
in both tumors (Figure 5B). The final histopathological
diagnosis of somatostatinoma of the duodenum and the
pancreas was made in tumor stages pTNP: 2T (T3+T2)
N0 Mx LOVI. It was concluded that despite the absence
of regional and distant metastases, neither tumor could
be categorized as benign, given their histopathological
features, size, mitotic counts and proliferative activities.
One and a half years after surgery, the patient is
symptom-free, with normal US and scintigraphy of the
liver.

DISCUSSION
Somatostatinomas are extremely rare gastrointestinal
tumors with an annual incidence of 1 case per 40 million
adults[3]. Two-thirds of somatostatinomas occur within
the pancreas, with the duodenum being the next most
common site[9]; although some authors have found equal
frequencies[11]. They can occur at any age (range: 21-91
years)[1,9], and pancreatic somatostatinomas show a slight
female predominance (67%), with extrapancreatic sites
being more often present in men[1]. Forty-five percent
of cases exist as part of multiple endocrine neoplasia
type Ⅰ syndrome or von Hippel-Lindau disease[1] and it
is vital to confirm or refute these associated conditions.
Duodenal somatostatinomas may be associated with von
Recklinghausen’s neurofibromatosis[1,12,13].
Differences exist between the pancreatic and extra
pancreatic types. Duodenal somatostatinomas usually
are located in the second part of the duodenum, and
most frequently in the ampullary or periampullary
regions. Approximately 30% have lymph node оr liver
secondaries at the time of diagnosis, although these are
less frequent when tumors are < 2 cm[9]. About twothirds of these tumors contain psammoma bodies
within the lumina of their glandular structures, and their
biological behavior is similar to that of carcinoid tumors.
As a result of their location, patients often present
earlier with bile duct obstruction and jaundice, hence the
reason for their earlier discovery, earlier surgery, smaller

www.wjgnet.com

Čolović RB et al . Synchronous somatostatinomas in one patient						

A

5861

B
DT
DT

CBD

PT

C

DT

D

DT

PT

PT

Figure 2 Resected duodenum and pancreatic head specimen containing both tumors. A: Posterior aspect; B: Resected duodenum highlighting the duodenal
tumor and common bile duct; C, D: Transected head of the pancreas showing the cystic pancreatic and duodenal tumors. DT: Duodenal tumor; PT: Pancreatic tumor;
CBD: Common bile duct.

A

B

Figure 3 Histopathology. A: Mucosal and submucosal tumor infiltration of the duodenum, revealing an insular growth of rather uniform epithelioid cells (HE,
× 25); B: The pancreatic tumor presenting as a hemorrhagic pseudocyst, with a thin peripheral layer of neoplastic proliferation (HE, × 56).

sizes and lower rates of metastasis[1,2,9].
Almost 60% of pancreatic somatostatinomas are
located in the head of the pancreas, and about 30% in
the tail[1]. They usually are larger (mean size: 5-6 cm), and
are considered more malignant with a 70% incidence of
metastases[9]. Often the mass effect of the tumor itself
leads to its diagnosis[11].
Although somatostatin is the main secretory pro
duct, at least 10% of somatostatinomas produce other
hormones, including glucagon, gastrin, vasoactive intestinal
peptide (VIP), insulin, calcitonin, and adrenocorticotrophic
hormones[14-16], and the clinical picture may be dominated
by the effects of these secreted hormones[4]. Duodenal
somatostatinomas more frequently secrete gastrin, VIP

and calcitonin[9], while pancreatic somatostatinomas are
also more likely to be multihormonal[11].
Regardless of their plasma somatostatin levels, most
patients present with indolent, nonspecific symptoms
including vague abdominal pain, weight loss and a change
in bowel habits [1,2]. The classical somatostatinoma or
inhibitory syndrome, which includes cholelithiasis, mild
diabetes mellitus and steatorrhea with diarrhea, is present
in only a small number of patients[1,4]. The syndrome
is the result of the inhibitory effects of somatostatin
on endocrine and exocrine secretion, as well as its
suppression of stomach and gallbladder motility[9]. It
occurs far less with duodenal than other extrapancreatic
somatostatinomas[1], and this may be due to their earlier
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B

Figure 4 Duodenal tumor cells showing a non-homogeneous immunoreactivity against anti-chromogranin A antibody, but clear diffuse cytoplasmic
immunohistochemical reactivity with anti-somatostatin antibody. A: Chromogranin A immunoreactivity, × 56; B: Somatostatin immunoexpression, labeled
streptavidin biotin (LSAB) method, aminoethylcarbazole (AEC) visualization, × 56.

A

B

Figure 5 Pancreatic tumor cells showing strong immunoreactivity with anti-somatostatin antibody. A: Somatostatin immunoreactivity, × 100; B: Ki-67 protein
immunoexpression, LSAB+ method, AEC visualization, × 100.

diagnosis, release of inactive peptides, or lower secretory
activity of the smaller duodenal tumors[2].
The preoperative diagnosis of somatostatinoma is
extremely difficult to establish unless there is a high clinical suspicion based on the patient’s symptomatology[1], although elevated fasting serum levels of somatostatin that
cause the somatostatinoma syndrome can be diagnostic,
particularly if associated with tumors larger than 4 cm[1].
CT and magnetic resonance imaging often fail to identify
small tumors of the duodenum[13], and these are often
discovered during upper gastrointestinal endoscopy. The
diagnosis is then made based upon histological assessment
of biopsy specimens during upper gastrointestinal endoscopy[1,13] or endoscopic US[17]; with the exact histopathological diagnosis ultimately based on the resected specimen[1,2]. Once the preoperative diagnosis is established,
somatostatin receptor scintigraphy and positron emission
tomography can localize accurately the disease[18], and are
particularly useful in identifying occult metastatic spread
and recurrent disease[19]. Scintigraphy positive for metastatic spread can obviate unnecessary surgery[2]; similarly a
negative scan can indicate that curative resection is a possibility[19].
Surgical resection is the only form of curative treatment[1] smaller lesions (< 2 cm) by enucleation larger lesions with extensive Whipple’s type resections[20] (due to

their common localization in the head of the pancreas and
duodenum), or other similar anastomoses. Unfortunately,
in only 60%-70% of surgical cases is the tumor completely resected[1,3]. Debulking surgery should also be considered in the presence of metastatic secondaries because
this may lead to improved survival and quality of life,
especially in those with somatostatinoma syndrome[1,21].
Indeed, palliation for bile duct obstruction, pain or hormonal excess is beneficial in most unresectable cases[1].
For patients with liver secondaries that are not
amenable to resection or ablation, hepatic artery emboli
zation or chemoembolization may be an effective therapy
for symptomatic palliation[22]. Adjuvant chemotherapy
is not advocated after complete resection[1], however,
in locally unresectable cases or in metastatic somato
statinoma, chemotherapeutic agents have been used with
moderate clinical responses[1,23].
Somatostatinomas are slow-growing lesions and longterm survival is possible[11], even with no intervention.
Unfavorable prognostic predictors include tumor size >
3 cm, poor cytological differentiation, regional and/or
portal vein metastases, a non-functioning tumor, and
incomplete surgical resection[1].
Ultimately, patients with localized disease and a
successful resection are the most likely to achieve a cure[2],
however, even in the presence of metastases, the 5-year

www.wjgnet.com

Čolović RB et al . Synchronous somatostatinomas in one patient						

survival for patients undergoing surgical resection with
adjuvant chemotherapy approaches 40%[1].
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Abstract
In this case report we describe the relationship between ferritin levels and hepcidin in a patient with
alcohol-related spur cell anemia who underwent liver
transplantation. We demonstrate a reciprocal relationship between serum or urinary hepcidin and serum ferritin, which indicates that inadequate hepcidin production by the diseased liver is associated with elevated
serum ferritin. The ferritin level falls with increasing
hepcidin production after transplantation. Neither inflammatory indices (IL6) nor erythropoietin appear
to be related to hepcidin expression in this case. We
suggest that inappropriately low hepcidin production
by the cirrhotic liver may contribute substantially to
elevated tissue iron stores in cirrhosis and speculate
that hepcidin replacement in these patients may be of
therapeutic benefit in the future.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatic iron overload in alcohol related cirrhosis and the
detrimental effect of excessive iron on hepatic tissues in
this condition is well described[1]. Previous studies investigating whole-body retention of iron showed a two-fold
increase in intestinal iron absorption in chronic alcoholism, and the underlying mechanism has not been identified[2].
Hepcidin, a 25 amino acid peptide, is the recently described body iron storage regulator. Under physiological
conditions, hepcidin expression is stimulated by stored
tissue iron, inflammatory stimuli and repressed by anemia and tissue hypoxia[3]. Recently, interactions between
various signals affecting hepcidin production by hepatocytes have been elucidated[4]. Hepcidin binds to the iron
exporter protein ferroportin on the basolateral aspect of
macrophages and enterocytes and causes internalization
and degradation of this molecule[5], rendering cells ironloaded. The two major systemic effects of elevated hepcidin production are therefore reduction of intestinal iron
uptake and reticulo-endothelial sequestration of iron.
As the erythron is the main user of iron, its requirement for red cell production is paramount. In the presence of anemia due to ineffective erythropoiesis, animal
experiments have shown that an unidentified signal from
bone marrow seems able to override the stimulus of
elevated body iron stores, repressing hepcidin and allowing duodenal iron absorption to continue even in the
presence of elevated iron stores[6].
Spur cell anemia (SCA) is an interesting clinical
condition in which both erythropoiesis and tissue iron
stores are altered by excessive alcohol consumption such
that sufferers develop severe tissue iron overload and
ongoing hemolysis[7]. The hemolysis is due to structural
abnormalities of red cell membranes, resulting in spiculated erythrocytes (acanthocytes) which undergo early
splenic destruction[8]. Treatment of SCA has been disappointing and it is commonly viewed as an indicator of
end-stage liver disease[9].
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The patient was a 55-year old female with a 10-year history of excessive alcohol consumption who, following
hospitalization due to decompensation and alcoholic
hepatitis, became abstinent in May 2005. She remained
stable until March 2006 when she developed worsening
jaundice. Hematological findings indicated that hemolysis
was a significant contributory factor in the patient’s jaundice. Subsequent investigations confirmed the diagnosis
of SCA in the context of cirrhosis. She was referred for
transplantion assessment in November 2006. She had an
unconjugated hyperbilirubinaemia (230 U/L) and raised
reticulocyte count (125 × 109/L). Hepatic synthetic function was relatively preserved with an INR of 1.5 and
serum albumin concentration of 38 g/L. A blood film
showed many acanthocytes with polychromasia and spherocytes. A transjugular liver biopsy showed micronodular
cirrhosis and grade 1 siderosis. Her serum ferritin level at
this time was greatly elevated at 600 ng/mL.
The patient decompensated further and was listed
for transplantation. The blood film immediately before
transplantation showed a predominance of acanthocytes
(70%-80% of total red blood cells (RBC), and there was
a gradual reduction in acanthocytes over the 48 h following transplantation so that examination of a blood film
at 48 h after surgery indicated that acanthocytes made
up 50%-60% of total circulating RBCs.
The patient gave consent for blood and urine samples
collection for the study (LREC 08/MRE09/2). Samples
were taken immediately before and at 12, 36, 48 h
and 2 mo after transplantation. Blood was analyzed for
ferritin, hemoglobin, erythropoietin, IL-6 and CRP to assess the extent of hemolysis and inflammation. Hepcidin
was measured by SELDI-TOF using Cu2+ loaded IMAC
ProteinChip Arrays and stable isotope labeled hepcidin
as an internal standard as previously described[10] and
available via http://www.hepcidin.bham.ac.uk/. Urine
samples were normalized with respect to protein concentration (20 µg/mL, Bradford assay).
A sample of the explant liver was analyzed for hepcidin mRNA by q-RTPCR and this was compared with
samples taken from 8 normal livers.
The hepcidin level in relation to hematological parameters is shown in Table 1. Hepcidin levels before
transplantation were very low compared with the elevated ferritin. Following transplantation, hepcidin production rose with falling ferritin. At 2 mo after transplantation, the hepcidin production had fallen in the context
of the normal serum ferritin. The urinary hepcidin/ferritin ratio rose progressively following transplantation.
Figure 1 shows that the rise and subsequent fall in
urinary hepcidin following transplantation does not seem
to be related to erythropoietin production which remains
quite stable (except for one dip at 12 h coincident with a
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Figure 1 Variation in iron parameters with time.
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Table 1 Urinary hepcidin levels in relation to haemoglobin
and ferritin

Serum (Hepcidin) (ng/mL)

We postulate that reduced hepcidin production in the
cirrhotic liver might be a significant factor contributing
to the body iron excess in this patient with end stage
alcohol-induced cirrhosis and SCA who underwent orthotopic liver transplantation (OLT).
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Figure 2 Correlation between urinary and serum ferritin.

two unit peri-operative blood transfusion). Similarly, IL6
levels did not vary greatly. CRP rose as expected in relation to the operation. This rise was not immediately accompanied with the dramatic rise in hepcidin production
which was delayed for 12 h. Figure 2 illustrates a close
correlation between urinary and serum hepcidin levels in
this patient (Pearson correlation coefficient r = 0.958).
We compared hepcidin mRNA expression in the
explant liver with that in 8 normal livers from transplant
donor tissues. Hepcidin mRNA expression in the explant liver from our patient was significantly lower than
that in normal liver (data not shown).

DISCUSSION
This case illustrates “inappropriate” low hepcidin production in an iron-over loaded cirrhotic patient with
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alcohol-related SCA. Following successful transplantation,
hepcidin production by the new liver increased accompanied with falling serum ferritin. “Appropriate” hepcidin
production by the new liver would act to sequester iron
in reticulo-endothelial stores and to repress duodenal iron
uptake. At 2 mo after OLT, both hepcidin and ferritin fell
to low levels.
One potential mechanism for pre-operative hepcidin
repression would be high circulating erythropoietin level
in the hemolyzing patient. Apart from a small reduction in
EPO in the peri-operative period which co-incided with
a blood transfusion, EPO remained relatively high in the
post-operative period consistent with observed persistence of spur cells and the ongoing anemia. This hepcidin
expression in the new liver increased progressively. It is
likely that hepcidin production in the new liver during the
early post-transplantion period remains somewhat muted
in relation to the ongoing EPO stimulus.
IL6 stimulates hepcidin production acutely through
the STAT pathway. In our patient IL6 was low before
transplantation and did not rise in the peri-operative period. CRP did rise in the immediate post-transplantation
period as expected. This may have had a bearing on the
observed increase in hepcidin as inflammation is a major
trigger to hepcidin production.
In our case, although the cirrhosis was undoubtedly
alcohol-related, the patient had been abstinent for 2 years.
This raises the possibility that, even in the absence of
an ongoing stimulus, a persistent hepatic oxidative state,
perhaps induced by iron overload, could trigger ongoing
repression of hepcidin production. This illustrates
potentially differential effects of acute stimulation of
hepcidin perhaps via the IL6/STAT pathway and chronic
repression mediated by oxidative stress[11].
In summary, the cirrhotic liver in this patient with
alcohol-induced spur cell anemia produced very little
hepcidin in relation to circulating high ferritin levels and
this deficiency was corrected by transplantation.
The mechanisms underlying reduced hepcidin production in this situation, in particular the role of oxidative
stress as mediated through CHOP/CEBP, deserve further
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studies in the setting of human alcohol-related cirrhosis.
The influence of alcoholic cirrhosis on duodenal expression of iron transporter proteins and the influence of
local effects related to oxidative stress and external factors
such as erythropoiesis on human hepcidin production
clearly deserve further prospective examinations.
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Abstract
Pancreatic endocrine tumors are rare but are among the
most common neuroendocrine neoplasms of the abdomen. At diagnosis many of them are already advanced and
difficult to treat. We report on an initially inoperable malignant pancreatic endocrine tumor in a 33-year-old woman,
who received neoadjuvant peptide receptor radionuclide
therapy (PRRT) as first-line treatment. This resulted in a
significant downstaging of the tumor and allowed its subsequent complete surgical removal. Follow-up for eighteen
months revealed a complete remission. This is the first report on neoadjuvant PRRT in a neuroendocrine neoplasm
with subsequent successful complete resection.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Although pancreatic endocrine tumors (pNETs) are
rare, they are among the most common neuroendocrine
neoplasms of the abdomen[1]. PNETs account for less
than 5% of all primary pancreatic malignancies. They
are separated into functional (insulinomas, gastrinomas,
glucagonomas, somatostatinomas) and non-functional
pNETs. Non-functioning pNETs are pancreatic tumors
with endocrine differentiation that lack a clinical syndrome
of hormone hypersecretion. Up to 60% of non-functioning
endocrine pancreatic tumors are already metastasized at
diagnosis. In the advanced stage the pNETs still remains
a interdisciplinary challenge. Pancreatic neuroendocrine
tumors treatment by chemotherapy and radiation therapy
has not demonstrated significant antitumoral effects.
Because well differentiated neuroendocrine neoplasms
usually express somatostatin receptors, they can be targeted
with peptide receptor radionuclide therapy (PRRT) with
palliative intention[2,3]. Several studies showed promising
results in patients with advanced neuroendocrine tumors,
with a partial response or disease stabilisation in palliative
treatment[3,4]. But surgery still remains the gold standard
in the management of pNETs [5]. Aggressive surgical
resection can be performed safely and may improve both
symptomatic disease and overall survival[6]. Prognostic
indices such as tumor differentiation and the ability to
achieve R0 resection have been linked to survival outcome.
Here we describe the treatment of an initially inoperable
pNET with peptide receptor radionuclides and show that
this neoadjuvant treatment resulted in downstaging of the
tumor and curative surgery.

CASE REPORT
A 33-year-old woman was admitted to an external hospital
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Figure 1 Histological images.
A: Lymph node metastasis of a
high differentiated neuroendocrine
carcinoma of the pancreas show
ing a trabecular pattern (HE, ×
120); B The cells are positive for
synaptophysin (× 120); C: High
membranous expression of soma
tostatin-receptor SSTR-2 (× 120); D:
Macrophages (CD68-positive) as a
sign for tumor necrosis after PRRT (×
120).

because of recurrent abdominal pain, flush attacks and
diarrhea. CT revealed enlarged paraaortic lymph nodes,
but no primary tumor. On exploratory laparotomy a
tumor in the head of the pancreas was found and was
thought to be a pancreatic ductal adenocarcinoma. This
tumor was deemed inoperable because of the involvement
of the mesenteric vessels and the paraaortic lymph nodes.
Therefore only a lymph node biopsy was obtained.
Histological investigation of the biopsy specimen revealed
a lymph node metastasis (peripancreatic) of a highly
differentiated neuroendocrine carcinoma that stained
positive for chromogranin A and synaptophysin (Figure
1A and B). There was no expression of insulin, glucagon,
somatostatin, or pancreatic polypeptide. The somatostatin
receptor SSTR2 showed distinct membranous expression
(Figure 1C). The tumor cells were only supported by
small stromal tissue bands. A [ 68 Ga]DOTA-1-Nal 3 octreotide (NOC) PET/CT was performed to evaluate
the somatostatin receptor status. Chromogranin A and
serotonin serum levels were normal at all times. Finally,
the patient was diagnosed as having a highly differentiated
neuroendocrine pancreatic carcinoma, stage Ⅳ. Biotherapy
with a somatostatin analogue failed. The patient still
complained about flushes and diarrhea.
As the patient resolutely refused any chemotherapy,
but was willing to undergo radioreceptor therapy,
two cycles of PRRT were administered intravenously.
The first cycle, administering 6000 MBq (162.1 mCi)
[90Y]DOTA-TATE (DOTA-[Tyr3] octreotate) was given
in February 2007 and the second one, injecting 4500
MBq (121.6 mCi), in June 2007. To prevent nephro
toxicity, an amino acid infusion based on the protocol
of Jamar et al[7] was used. Kidney function was measured
by 99mTc-DTPA using the single sample plasma clearance
method for GFR calculation. 99mTc-MAG3 was used for
dynamic renal scintigraphy and for determination of

the tubular extraction rate (TER). The blood profile and
routine laboratory parameters (electrolytes, liver function
tests, creatinine, BUN etc.) were checked prior to therapy
and then every month.
Mild grade 1 anemia and erythrocytopenia were noted
as the only side effects. There was no other hematotoxicity
or nephrotoxicity.
After 2 cycles the abdominal lymph node metastases
had regressed significantly and PET/CT using [68Ga]DO
TA-NOC and 18F-FDG ([18F]fluor-2-deoxy-glucose)
performed in October 2007 indicated that the patient
was operable. After every PRRT cycle a partial remission
(EORTC criteria 1999) was detected (Figure 2B and C).
In November 2007, a pylorus-preserving pancreato
duodenectomy (Traverso-Longmire) was performed
with en bloc resection of parts of the jejunum and
its mesenterium and lymph nodes (Figure 3). The
operation specimen revealed a tumor in the head of
the pancreas that was more than 2 cm in diameter
and had metastasized to one mesenteric lymph node.
Histologically, the endocrine tumor formed a trabecular
pattern. The cell structures were embedded in well
developed hyaline connective tissue, some parts of
which were myxomatous. In the myxomatous area there
were aggregates of CD68 positive macrophages that
were occasionally positive for iron (Figure 1D). The
tumor tissue infiltrated the surrounding pancreatic and
interstitial tissue and also showed perineural infiltration.
Immunohistologically, about 5%-10% of the tumor cells
expressed glucagon or somatostatin and were negative
for insulin, serotonin and pancreatic polypeptide.
The somatostatin receptor SSTR2 showed a distinct
membranous staining pattern in all tumor cells. The
lymph node was filled with tumor tissue. The final stage
was ypT2 pN1 pM1(LYM) G3 R0 L0 V0[8]. The patient
left the hospital 19 d after the operation. Six, twelve and
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Figure 2 Gallium-68 DOTA-NOC PET-CT in the follow up. A: Octreotide scan prior to PRRT-1, Gallium-68 DOTA NOC PET-CT and prior operation, showing
multiple paraaortal lymph nodes next to the pancreas head; B: 3 mo after PRRT-1; C: 5 mo after PRRT-2 showing consistently decreasing mesenterial lymph nodes
metastases with a decreasing SUV; D: Octreotide scan as follow up 18 mo after operation-complete remission.

Figure 3 The pancreatic tumor with lymph node metastases (peripancreatic
and one distal mesenteric lymph node metastasis) after pylorus-preserving
duodenopancreatectomy and mesenteric lymphadenectomy en bloc.

eighteen months later a [68Ga]DOTA NOC PET/CT
revealed a complete remission (Figure 2D).

DISCUSSION
Advanced malignant pNETs are difficult to treat[9,10] and
there are only a few studies on the resection of pNETs
with extensive local spread. It seems, however, that
patients with advanced malignant pNETs benefit from
resection, because postoperative actuarial 5-year survival
rates of up to 80% have been reported after extended
tumor resection, even with synchronous metastasis[11,12].

Nonetheless, the presence of liver or distant metastases
is the prognostic factor determining survival[13]. In our
patient, the diagnosis of a malignant well differentiated
pNET was made on a biopsy specimen obtained during
an explorative laparotomy. Tumor tissue showed a high
expression of the somatostatin receptor SSTR2. Since the
patient refused any chemotherapy, treatment with PRRT
was performed. In the course of therapy an excellent
downstaging of the initially inoperable tumor was reached.
The oncology concept was changed from palliative to
curative intent considering operability. PRRT is usually
used as a palliative treatment[14]. Currently, there are no
reports that deal with the use of radionuclide therapy as
a neoadjuvant strategy in oncological surgery. Our case
indicates that this therapy may be useful for downstaging
and downsizing well differentiated neuroendocrine
tumors, thereby achieving a higher operability rate. We
recommend first performing [68Ga]DOTA-NOC PET/
CT to evaluate the somatostatin receptor status[15,16]. If
there is high SSTR expression PRRT will be effective[17].
In addition, staging of the patient after every cycle
is required in order to evaluate the response and the
operability. The tumor should be downsized to an extent
in which a R0-resection should be feasible. In case of a
relapse, which is not unlikely[11], another course of PRRT
is again a therapeutic option.
In conclusion, based on the encouraging results
obtained in this case we believe that neoadjuvant PRRT
is a novel approach in the treatment of surgically unrese
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ctable pNETs in patients with positive somatostatin
receptor status.
9
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Abstract
We report a case of Cronkhite-Canada syndrome (CCS)
associated with myelodysplastic syndrome (MDS).
A 54-year-old woman, diagnosed as MDS the prior
year after evaluation of anemia, visited our hospital
with the chief complaint of epigastric discomfort.
She also had dysgeusia, alopecia, atrophic nail
change, and pigmentation of the palm, all of which
began several months ago. Blood tests revealed
severe hypoalbuminemia. Colonoscopy (CS) showed
numerous, dense, red polyps throughout the colon
and rectum. Biopsy specimens showed stromal edema,
infiltration of lymphocytes, and cystic dilatation of the
crypt. Her clinical manifestations and histology were
consistent with CCS. We prescribed corticosteroids,
which dramatically improved her physical findings,
laboratory data, and endoscopic findings. This is the
first report of CCS in a patient with MDS.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Cronkhite-Canada syndrome (CCS), first described by
Cronkhite and Canada in 1955 [1], is a rare, acquired,
nonfamilial syndrome with diffuse gastrointestinal (GI)
polyposis, atrophic nail change, alopecia, cutaneous hyperpigmentation, diarrhea, abdominal pain, and other
GI complications such as protein-losing enteropathy
and malnutrition. Goto[2] and Takeuchi et al[3] reviewed
278 cases of CCS patients up to 1993 and found that
212 (76.3%) of them were Japanese. Except for cases of
anemia caused by malnutrition, CCS with hematologic
disorder has not been reported. This report is the first to
describe a case of CCS in a patient with myelodysplastic
syndrome (MDS).

CASE REPORT
A 54-year-old woman visited our hospital with the chief
complaint of epigastric discomfort for a month. She
was diagnosed as MDS the prior year after evaluation of
anemia following a routine check-up. She also suffered
from dysgeusia, alopecia, and pigmentation of the palms
several months ago. She and her family had no history of
GI disease. Physical examination revealed a partial loss of
capillus and supercilia, with blackish brown pigmentation
in both palms (Figure 1).
Partial loss of body hair including capillus and supercilia (Figure 1A) with blackish brown pigmentation was
found in both palms (Figure 1B). Atrophic nail change was
observed later (Figure 1C). Laboratory test showed that her
white blood cell (WBC) count was 6400/μL (3000-6000),
red blood cell (RBC) count was 349 × 104/μL (380-500
× 104), platelet count was 9.7 × 104 /μL (12-38 × 104),
C-reactive protein (CRP) was negative and erythrocyte
sedimentation rate (ESR) was 40 mm/1 h, total protein
was 5.7 g/dL (6.5-8.0), and serum albumin was 3.2 g/dL
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Figure 2 Esophagogastroduodenoscopy. Red and edematous granular
polyps with giant folds, the so-called red-carpet-like polyposis of the stomach
before treatment.

A

C

B

Figure 1 Physical findings in our case at her first visit. A: Partial loss of the
capillus and supercilia; B: Blackish brown pigmentation in both palms (black
arrow); C: Atrophic nail change.

(4.0-5.0). Esophagogastroduodenoscopy (EGD), performed for further evaluation of the GI tract, revealed red
and edematous granular polyps with giant folds, the socalled red-carpet-like polyposis of the stomach (Figure 2).
A biopsy specimen displayed proliferation of connective tissue, edema, and infiltration of lymphocytes in the
lamina propria. Since these findings could not confirm the
diagnosis, we prescribed famotidine (20 mg per day) for
nonspecific gastritis. Watery diarrhea gradually worsened,
occurring up to 7 times per day at 2 wk after her first visit.
Then, alopecia also worsened and atrophic nail change
was observed.
Laboratory test displayed not only elevated CRP and
ESR, but also hypoalbuminemia (Alb 3.2 g/dL). We
suspected protein-losing enteropathy and performed
colonoscopy (CS) for differential diagnosis, which showed
numerous, dense, red polyps throughout the colon and
rectum (Figure 3A). Biopsy specimens from the colon
displayed cystic dilation of crypts and edematous stroma
with inflammatory cell infiltration (Figure 3B). These
physical and endoscopic findings were consistent with
CCS, but CS findings did not exclude ulcerative colitis.
We added salazosulfapyridine (3 g per day) and probiot-

Figure 3 Colonoscopy (CS) findings. A: Numerous, dense, red polyps throughout
the colon and rectum; B: Biopsy specimen from colon displaying cystic dilation of
crypts and edematous stroma with inflammatory cell infiltration before treatment (HE,
× 100).

ics for diagnostic therapy. Diarrhea and alopecia were
gradually relieved, but hypoalbuminemia increased to
1.8 g/dL. Three months after salazosulfapyridine treatment, we started corticosteroid therapy with intravenous
prednisolone (40 mg per day) and then exchanged salazosulfapyridine to mesalazine (1500 mg per day). We tapered
the dosage of prednisolone at two-week intervals in consideration of the clinical and laboratory changes in our
patient. Diarrhea gradually became solid and the serum
albumin level increased steadily to 2.5 g/dL one month
later. At three months after treatment, we tapered prednisolone to 2.5 mg/d. Her clinical manifestations were

www.wjgnet.com

Suzuki R et al . Cronkhite-Canada syndrome associated with MDS

5873

Figure 5 CS image after treatment.
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Figure 6 Clinical course of the patient.

Figure 4 Clinical manifestations of the patient after treatment.

dramatically relieved (Figure 4). The CS findings were
relieved and no neoplastic change was observed (Figure 5).
The clinical course of this patient is depicted in Figure 6.

DISCUSSION
CCS, first described by Cronkhite and Canada in 1955[1],
is a rare, acquired, nonfamilial syndrome with diffuse GI
polyposis, atrophic nail change, alopecia, and cutaneous
hyperpigmentation. Its etiology is apparently associated
with the ectoderm abnormality[2,3].
Therapeutic options comprise nutrition support,
steroid therapy[4-6], antiplasmin therapy[4,7], mesalazine[8]
and surgery[9]. Numerous cases for which corticosteroid
treatment was effective have been reported, but corticosteroid therapy is regarded as a first-line therapy. In
this case, although an insufficient effect of salazosulfapyridine and antiplasmin agents was observed, steroid
therapy was also found to have dramatic effects.
The etiology of CCS remains unknown. Infection,
mental stress, concomitant neoplasm, and immune abnormalities are regarded as triggering factors for CCS[3,10].
In addition, MDS has a high incidence (10%-20%) ac-

companying autoimmune diseases, such as systemic
lupus erythematosus and aortitis[11-13]. It is particularly
interesting that GI autoimmune diseases, such as inflammatory bowel disease (IBD) and Behcet’s disease, are also
reported in patients with MDS. The etiology is considered
to be an imbalance of various cytokines attributable to the
abnormal level of multipotent stem cells. Reportedly,
up-regulation of cytokines, such as TGF-β, TGF-β receptor, IL-6, and IL-7 receptors mapped to chromosome 8,
related to inflammation and cell proliferation, plays an
important role in the pathogenesis of patients having Behcet’s disease with MDS and trisomy[14-16].
This case was consistent with CCS, considering its typical clinical manifestations and histology. We infer the possibility that cytokine abnormalities induced by earlier MDS
may have caused CCS in this case. However, the karyotype
was not trisomy 8, 46, XX, or i(7) (q10). Moreover, inflammatory cytokine levels (IFNγ, IL-6, IL-10, TNF-α) were
within normal limits. These results suggest that the etiology
of this case is not associated with cytokine imbalance, as
reported for Behcet’s disease with MDS of trisomy 8.
In conclusion, we report a case of CCS in a patient
with MDS. Although the association of CCS and MDS
in this case remains uncertain, clarification of the CCS
etiology is possible through accumulation of similar
cases and results of further studies of the pathogenesis
of MDS associated with autoimmune disease.

www.wjgnet.com

5874

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol
9

REFERENCES
1

2
3

4

5

6
7

8

Cronkhite LW Jr, Canada WJ. Generalized gastrointestinal
polyposis; an unusual syndrome of polyposis, pigmentation,
alopecia and onychotrophia. N Engl J Med 1955; 252:
1011-1015
Goto A. Cronkhite-Canada syndrome: epidemiological
study of 110 cases reported in Japan. Nippon Geka Hokan
1995; 64: 3-14
Takeuchi Y, Yoshikawa M, Tsukamoto N, Shiroi A, Hoshida
Y, Enomoto Y, Kimura T, Yamamoto K, Shiiki H, Kikuchi E,
Fukui H. Cronkhite-Canada syndrome with colon cancer,
portal thrombosis, high titer of antinuclear antibodies, and
membranous glomerulonephritis. J Gastroenterol 2003; 38:
791-795
Yamashita T, Miyazawa M, Suzuki H. A case of CronkhiteCanada syndrome improved markedly with antiplasmin
agent and steroid (In Japanese, Abstract in English).
Gastroenterol Endosc 1996; 38: 45-50
Futagami K, Tanaka S, Haruma K, Yoshihara M, Sumii K,
Kajiyama G. Five cases of Cronkhite-Canada syndrome
treated by steroid pulse therapy (In Japanese, Abstract in
English). Digestion and Absorption 1998; 21: 151-154
Koishi T. A case of Cronkhite-Canada syndrome (In
Japanese). Nippon Naika Gakkai Zasshi (J Jpn Soc Int Med)
1976; 65: 1060
Goto A. Cronkhite-Canada syndrome: observations about
treatment course and prognosis of 123 cases reported in
Japan (In Japanese). Nippon Geka Hokan (Arch Jpn Chir)
1988; 57: 427-433
Takakura M, Adachi H, Tsuchihashi N, Miyazaki E,
Yoshioka Y, Yoshida K, Oryo F, Sawada T. A Case of
Cronkhite-Canada Syndrome markedly improved with
mesalazine therapy. Digestive Endoscopy 2004; 16: 74-78

10

11

12
13

14

15

16

December 14, 2009

Volume 15

Number 46

Kabeshima Y, Izawa N, Yano K, Toizumi A, Tamura Y,
Kageyama T, Kaneko K. A case report of Cronkhite-Canada
syndrome successfully remitted by surgical treatment (In
Japanese). Jpn J Gastroenterol Surg 2007; 40: 227-232
Hirasaki S, Tanimizu M, Moriwaki T, Kajihara T, Nishina
T, Hyoudou K. A case of Cronkhite-Canada syndrome
associated with cholangiocellular carcinoma (In Japanese).
Nippon Shokakibyo Gakkai Zasshi 2005; 102: 583-588
Funato K, Kuriyama Y, Uchida Y, Suzuki A, Miyazawa K,
Ohyashiki K. Myelodysplastic syndrome accompanied by
Addison's disease and multiple autoimmune phenomena:
steroid therapy resolved cytopenias and all immune
disorders. Intern Med 2001; 40: 1041-1044
Lopez FF, Vaidyan PB, Mega AE, Schiffman FJ. Aortitis as a
manifestation of myelodysplastic syndrome. Postgrad Med J
2001; 77: 116-118
Giannouli S, Voulgarelis M, Zintzaras E, Tzioufas AG,
Moutsopoulos HM. Autoimmune phenomena in myelodys
plastic syndromes: a 4-yr prospective study. Rheumatology
(Oxford) 2004; 43: 626-632
Tsubata R, Suzuki F, Sugihara T, Ogawa J, Hagiyama
H, Nanki T, Kohsaka H, Kubota T, Miyasaka N. [An
autopsy case of intestinal Behcet's disease with sacroiliitis
accompanied by myelodysplastic syndrome with trisomy 8.]
Nihon Rinsho Meneki Gakkai Kaishi 2005; 28: 48-55
Hasegawa H, Iwamasa K, Hatta N, Fujita S. Behcet's disease
associated with myelodysplastic syndrome with elevated
levels of inflammatory cytokines. Mod Rheumatol 2003; 13:
350-355
Adachi Y, Tsutsumi A, Murata H, Takemura H, Chino
Y, Takahashi R, Ebitsuka T, Sumida T. Behcet's disease
accompanied by myelodysplastic syndrome with trisomy
8: two case reports and a review of 15 Japanese cases. Mod
Rheumatol 2003; 13: 90-94
S- Editor Tian L L- Editor Wang XL

www.wjgnet.com

E- Editor Lin YP

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.15.5875

			 

World J Gastroenterol 2009 December 14; 15(46): 5875-5878
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

ORIGINAL ARTICLES

CASE REPORT

Spontaneous liver rupture in hypereosinophilic syndrome: A
rare but fatal complication

Yue-Sun Cheung, Shun Wong, Philip Koon-Ngai Lam, Kit-Fai Lee, John Wong, Paul Bo-San Lai
Yue-Sun Cheung, Kit-Fai Lee, John Wong, Paul Bo-San Lai,
Department of Surgery, Prince of Wales Hospital, The Chinese
University of Hong Kong, Hong Kong, China
Shun Wong, Department of Pathology, Princess Margaret
Hospital, Hong Kong, China
Philip Koon-Ngai Lam, Department of Anesthesia and Intensive
Care, Prince of Wales Hospital, The Chinese University of Hong
Kong, Hong Kong, China
Author contributions: Cheung YS, Lam PKN, Lee KF and Lai
PBS designed the work; Cheung YS, Wong S, Lam PKN, Lee
KF and Wong J performed the work; Cheung YS, Wong S, Lee
KF and Wong J wrote the paper.
Correspondence to: Paul Bo-San Lai, Professor, Department
of Surgery, Prince of Wales Hospital, The Chinese University of
Hong Kong, Shatin, New Territories, Hong Kong,
China. paullai@surgery.cuhk.edu.hk
Telephone: +852-26321411 Fax: +852-26377974
Received: August 16, 2009 Revised: October 1, 2009
Accepted: October 9, 2009
Published online: December 14, 2009

Cheung YS, Wong S, Lam PKN, Lee KF, Wong J, Lai PBS.
Spontaneous liver rupture in hypereosinophilic syndrome:
A rare but fatal complication. World J Gastroenterol 2009;
15(46): 5875-5878 Available from: URL: http://www.wjgnet.
com/1007-9327/15/5875.asp DOI: http://dx.doi.org/10.3748/
wjg.15.5875

INTRODUCTION
Spontaneous intrahepatic hemorrhage and liver rupture
usually occur in patients with underlying hepatocellular
carcinoma or adenoma[1,2]. This has also been described in
patients with HELLP syndrome, Ehlers Danlos disease
and graft-vs-host disease[3-6]. In this report, we described
a rare case of spontaneous liver rupture in a patient with
hypereosinophilic syndrome (HES), of which the diagnosis
was delayed, resulting in a fatal outcome.

CASE REPORT

Abstract
We report a rare case of spontaneous liver rupture in
a patient with hypereosinophilic syndrome (HES), of
which the diagnosis was delayed, resulting in a fatal
outcome. The diagnostic criteria and treatment of HES
with hepatic involvement were reviewed. The possible
cause of spontaneous liver rupture in HES and its
management were also discussed. To our knowledge,
this is the first case report of spontaneous liver rupture
in HES. We emphasized the need of a high index of
suspicion in diagnosing HES, so that early treatment
could be initiated.
© 2009 The WJG Press and Baishideng. All rights reserved.
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A 48-year-old man with good past health was admitted
because of fever associated with flu-like symptoms and
left loin pain for a few days. Initial physical examination
showed mild suprapubic and left loin tenderness, and
urine dipsticks revealed microscopic haematuria. The chest
radiograph was normal and initial blood tests showed
eosinophilia and mildly deranged liver function (Table 1).
The patient had no clinical signs of allergic reaction.
Ultrasound examination of the abdomen revealed no
abnormality in the hepatobiliary and urinary system. Urine
microscopy showed microscopic haematuria. Ova or
parasites were not detected in stool samples. The cultures
from blood, sputum and urine were all negative.
Five days after admission, while awaiting further investigations, the patient suddenly developed hypovolemic
shock. He rapidly deteriorated to pulseless electrical activity. Cardiopulmonary resuscitation was initiated immediately. He was pale and his abdomen was distended. His
pulse returned after resuscitation with 2 L gelofusine. His
hemoglobin level dropped from 14.5 to 5 g/dL. In addition, ultrasound examination of the abdomen confirmed
the presence of free intraperitoneal fluid. The patient
was given six units of unmatched blood during resuscitation. Owing to the unstable hemodynamic state and the
diagnosis of exsanguinating intra-abdominal pathology,
emergency laparotomy was arranged.
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Figure 1 Post-mortem examination of liver. A: The ruptured site over the right lobe of liver; B: Expanded portal tracts with fibrosis and inflammation (microscopy,
HE stain, 100 × magnification); C: Hepatic artery with fibrinoid necrosis (microscopy, HE stain, 200 × magnification); D: Eosinophilic infiltration of the hepatic artery
(microscopy, HE stain, 400 × magnification).

Table 1 Blood tests on admission
Blood test
WBC
Eosinophil
Haemoglobin
Platelet
PT
INR
APTT
Na
K
Urea
Creatinine
Protein
Albumin
Bilirubin
ALP
ALT
GGT
CRP

Value
1

Unit

22.6

109/L

6.61
13.9
179
12.9
1.33
38.7
133
3.7
3.6
68
74
34
251
2071
55
5041
190.11

109/L
g/dL
109/L
s
s
mmol/L
mmol/L
mmol/L
umol/L
g/L
g/L
umol/L
IU/L
IU/L
U/L
mg/L

the raw surface was coagulated with a TissueLink device
(TissueLink Medical Inc, Dover, U.S.). However, the patient developed coagulopathy with diffuse oozing after
massive transfusion with blood products (10 units of platelet concentrates, 16 units of fresh frozen plasma, and 16
units of pack cells). He required high dose trabecular support during operation. Perihepatic packing was performed
and the abdomen was closed. He finally succumbed 1 h
after the operation at the intensive care unit.
Post-mortem examination of the patient confirmed
the diagnosis of HES with diffuse eosinophilic infiltration to the heart, liver, pancreas, mesentery, kidneys and
urinary bladder. Microscopic examination of the liver
showed marked eosinophilic expansion in the portal
tracts and dilated sinusoids. The portal tract hepatic
arteries showed fibrinoid necrosis with eosinophilic
infiltration (Figure 1A-D). The lacerated areas showed
extensive tissue necrosis and eosinophilic infiltration.

1

Elevated values.

DISCUSSION

On laparotomy, 4 L of blood in the peritoneal cavity
and a 10 cm ruptured subcapsular haematoma at anterior
sector of right lobe with capsular tear were found. Active
bleeding was found at a 9 cm laceration of 5 cm deep at
segment Ⅵ/Ⅶ of the liver (Figure 1A). The liver was not
cirrhotic with no palpable space occupying lesion. No abnormality and retroperitoneal haematoma were detected in
other intra-abdominal organs. Hemostasis was attempted
by suturing the liver laceration and packing. Bleeding from

Eosinophilia, defined as an increased eosinophil count in
peripheral blood and accumulation in various tissues[7],
can be caused by atopic disease, hypersensitivity reaction,
parasitic infection, vasculitis and hematological disorders. It
is also found in uncommon conditions, such as eosinophilic
gastrointestinal disease, Churg-Strauss syndrome and
HES[8]. The diagnostic criteria for HES, first described
by Chusid et al[9] in 1975, include persistent peripheral
blood esosinophilia for more than 6 mo with an absolute
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eosinophil count greater than 1500 cells/μL, the presence
of organ involvement by eosinophilic infiltration, and
exclusion of secondary causes of eosinophilia[8].
The common organ systems involved in HES are
hematologic (100%), cardiovascular (58%), cutaneous
(56%), neurologic (54%) and pulmonary (49%) systems[8].
Liver and gastrointestinal tract are involved in only
20%-30% of patients. Patients with hepatic involvement
may develop chronic active hepatitis-like picture and some
may suffer from Budd-Chiari syndrome secondary to
strictures in inferior vena cava or hepatic veins as a result
of eosinophilic infiltration[10]. Spontaneous rupture of
bladder and esophagus due to eosinophilic infiltration has
been reported in the literature[11,12]. To our knowledge,
this is the first case report of spontaneous liver rupture in
HES.
Patients with HES usually present with vague symptoms[8], making its diagnosis difficult and delayed. In our
case, the patient presented with fever and flu-like symptoms, which were not specific of any disease. Although
his liver function was mildly deranged, the normal initial
sonographic appearance of the hepatobiliary system
gave further misleading reassurance to the clinicians in
identifying the hepatic involvement. Without a high index of suspicion, it was difficult to diagnose HES early
and to start treatment before the catastrophic event in
our case, namely liver rupture and subsequent mortality.
In order to avoid end organ damage by HES, it is
important to establish the diagnosis and start treatment accordingly. Secondary causes of eosionphilia,
such as atopic disease, hypersensitivity reaction or
parasitic infestation, should be excluded. For patients
with deranged liver function, non-invasive investigations including ultrasound of the liver and biliary system
and hepatitis serology should be performed to exclude
common disorders of the hepatobiliary system. In patients suspicious of HES with hepatic involvement, liver
biopsy can be performed to demonstrate eosinophilic
infiltration of the liver[13,14]. After the diagnosis of HES
is confirmed, specific tests on Fip1-like-1 and plateletderived growth factor receptor α (FIP1L1-PDGFRA)
fusion gene mutation can guide further treatment using
targeted therapy[8].
Successful treatment using corticosteroids has been
reported in patients with hepatic HES[13,14]. Studies also
showed that patients with HES have a good response
to targeted therapy according to the result of FIP1L1PDGFRA[15,16]. HES patients showing positive FIP1L1PDGFRA have a good response to imatinib mesylate,
resulting in a normal eosinophil count[15]. For patients
with negative FIP1L1-PDGFRA, mepolizumab (an
anti-interleukin 5 antibody) can effectively stabilize the
eosinophil count and reduce the daily steroid dose to less
than approximately 7.5 mg prednisolone[16].
The present case of liver rupture was likely caused
by eosinophilic infiltration and fibrinoid necrosis of
the vascular wall, leading to rupture of hepatic arteries
as demonstrated in Figure 1B-D. Although reports are
available on cardiopulmonary resuscitation (CPR)-related
major liver injury[16], this was unlikely in our case because
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the event of deterioration occurred abruptly before the
initiation of CPR. The right posterolateral located liver
laceration in the absence of ribs fractures further made
traumatic cause of the liver rupture unlikely. CPR-related
liver trauma usually occurs in the left lobe where it is
anatomically close to the point of chest compression[17].
Management and prognosis of spontaneous liver
rupture heavily depend on its severity and the hemodynamic stability of patients. For stable patients, nonoperative management with transfusion or transarterial
selective embolization of the feeding artery has been
described with promising results[1,4]. For patients with
hemodynamic instability or failure in non-operative
treatments, surgery for haemostasis is recommended as
in our case. Hemostasis can be achieved by temporary
tamponade of the liver using packs and portal triad occlusion (Pringle manoeuvre)[18]. After initial operative
resuscitation and identification of the site of bleeding,
different surgical techniques, including direct suture ligation, hepatic resection, selective hepatic artery ligation
and perihepatic packing, can be employed for hemostasis depending on the case scenario[17]. Despite all these
methods, if patients develop coagulopathy, acidosis and
multi-organ failure, the chance of survival is low.
Although the clinical course of HES is highly variable
and dependent on the degree of organ involvement, early
diagnosis and initiation of treatment are of paramount
importance. Delay in diagnosis may lead to catastrophic
complications. A high index of suspicion is crucial in the
management of patients with eosinophilia.
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Abstract
The occurrence of concomitant aortic aneurysm and
colorectal cancer is a rare medical entity, and con
troversy surrounds its optimal treatment. We report a
case of rectal cancer and concomitant aneurysm from
the ascending aorta to the common iliac artery. As with
DeBakey type Ⅰ aortic dissecting aneurysm, our patient
was treated by rectal cancer resection, with preservation
of the anus (Dixon operation) under controlled hypo
tension. Blood pressure was maintained at 80-90/
50-60 mmHg and the pulse at 70-90 beats/min. The
pathological examination of the surgical specimen
showed a poorly differentiated T3N0 tumor. The patient
had an uneventful recovery without aneurysm rupture,
and was discharged from hospital on postoperative day
15 after 3 d adjuvant chemotherapy with oxaliplatin
combined with calcium folinate and fluorouracil. The
patient was given six courses of adjuvant chemotherapy
in 6 mo, without recurrence or metastasis, and the
aneurysm was still stable after 2 years follow-up.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The surgical treatment of coexistent aortic aneurysm
and colorectal cancer (CRC) needs special consideration.
The controversy is mainly whether to treat both diseases
or treat either of them alone. If we choose to treat
both, should we treat them simultaneously or as staged
procedures? For a two-stage process, there is a significant
risk of aortic aneurysm rupture, and a single-stage
procedure has the disadvantages of technical difficulty
and graft infection[1-3]. Lin et al[4] have proposed that the
treatment priority should be given to life-threatening
lesions. Such cases include the presence of an abdominal
aorta aneurysm with a dangerously large diameter and
synchronous obstructing or perforating CRC. Veraldi
et al[5] have indicated that a one-stage procedure reduces
the length of stay, avoids further surgical and anesthetic
trauma, and does not increase graft infection.
We report a case of rectal cancer and concomitant
aneurysm from the descending aorta to the common
iliac artery, which is similar to a DeBakey type Ⅰ aortic
dissecting aneurysm, with a maximum diameter of 4.06 cm
in the abdominal aortic segment and 6.51 cm in thoracic
aortic segment. The patient was treated with the Dixon
operation under conditions of controlled hypotension,
without aneurysm rupture. At 2 years follow-up, the
patient remained free of CRC and his aneurysm was
stable.

CASE REPORT
A 69-year-old man underwent anal examination after
complaining of a change in bowel habits and rectal
bleeding 2 years ago. Anal examination revealed a
cauliflower-like lesion located 7 cm from the edge of
the anus, which involved more than half of the rectal
circumference. Abdominal computed tomography
(CT) revealed the presence of a rectal tumor, which
almost obstructed the bowel lumen (Figure 1). Medical
history included smoking, diabetes, hypertension and
thoracoabdominal aortic aneurysm for 6 years. After
admission, the patient underwent chest radiography,
which confirmed concomitant aneurysm and tracheal
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Figure 3 CT angiography of the
aorta showed large ectasia from
the ascending aorta to the right
common iliac artery.

Figure 1 Thickening of the rectal wall, with narrowing of the lumen.
Figure 2 Chest radiography confirmed concomitant aneurysm and
tracheal compression.

compression (Figure 2). Advanced CT angiography
revealed large ectasia of the ascending aorta, aortic arch
and descending aorta, with a maximum diameter of
6.51 cm and mural thrombosis. In addition, the aneurysm
extended to the abdominal aorta, internal-organ arteries
and the right common iliac artery, with a length of
60 cm and a diameter of 4.06 cm in the abdominal aortic
aneurysm (Figure 3). Elevation of carcinoembryonic
antigen and blood urea nitrogen to 11.79 ng/mL and
13.60 mmol/L, respectively, allowed diagnosis of digestive
tract tumor and renal inadequacy. A complete preoperative
metastatic work-up was negative.
Complicating aneurysm increases the difficulty of
managing advanced malignant disease. We treated this
patient with the Dixon operation under conditions of
controlled hypotension, with minimal blood pressure
fluctuation, and renal function protection and blood sugar
regulation. Intraoperative blood pressure was maintained
at 80-90/50-60 mmHg and the pulse at 70-90 beats/min.
The surgery was completed in 1.5 h. Postoperative blood
pressure was < 100/60 mmHg and was maintained
between 100/60 mmHg and 110/70 mmHg by glyceryl
trinitrate administered by mini pump. The pathological
examination of the surgical specimen showed a poorly
differentiated T3N0 tumor.
The patient had an uneventful recovery, and he was
discharged from hospital on postoperative day 15 after
3 d adjuvant chemotherapy with oxaliplatin combined
with calcium folinate and fluorouracil. The patient was
given six courses of adjuvant chemotherapy without

tumor recurrence or metastasis and the aneurysm was
still stable after 2 years follow-up.

DISCUSSION
The concomitant occurrence of aortic aneurysm and
CRC appears to be increasing, from 0.5% to 2%[2], as
a result of the increase in the two individual diseases,
which is caused by increased life expectancy and
improved imaging capability in revealing additional
asymptomatic disease[5]. Published studies are either small
case series or limited retrospective reports[3,6], therefore,
the ideal treatment strategy represents a therapeutic
dilemma[2]. Initial aortic aneurysm repair followed by
CRC resection exposes patients to the risk of tumor
progression before resection, although no study has
shown the oncological implications of such a delay.
Resection of CRC followed by staged aneurysmorrhaphy
carries a significant risk of aortic aneurysm rupture
in the perioperative period, particularly when the
aortic aneurysm is > 5 cm in diameter[2]. Synchronous
treatment of both lesions has been described but has the
disadvantages of technical difficulties and graft infection,
especially when the patient is in poor general condition.
Veraldi et al[5] have found, from Medline 1987-2005,
a total of 229 cases of associated aortic aneurysm and
CRC. Four emergency operations have been reported,
one for rupture of the aortic aneurysm, two for unstable
aneurysm, and one for diastatic rupture of the cecum by
the stenosing neoplasm in the sigmoid colon. Including
these four, there were 25 patients in all with only one
disease treated. In 24 of these, intervention was carried
out for CRC because of the advanced stage of the disease
or poor general condition of the patient. In the remaining
case, because of postoperative death, only the aneurysm
was treated. From January 1988 to May 2006, 14 patients
with both diseases were observed and treated in the
University of Verona[5]. In one of these patients, only
CRC was treated because of poor cardiac conditions, and
the patient died after 2 mo from myocardial infarction.
Patients in poor general condition, who are treated
for both diseases simultaneously or in stages face the risk
of surgical fatality. Our patient had a rare true aneurysm
similar to a dissecting aneurysm[7]. Usually, dissecting
aneurysm is caused by an intimal tear or interstitial
hemorrhage and requires emergency surgery, and has
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a low survival rate. He had been protected by blood
pressure control since his aneurysm was diagnosed
8 years ago. CT revealed that the aneurysm was in a
steady state, and the diameter and distribution of the
aneurysm showed no obvious changes in these 8 years.
The aneurysm in our patient began from the ascending
aorta and extended to the common iliac artery, which is
a very rare occurrence, and the prognosis was beyond
our expectation. This kind of aneurysm usually requires
Bentall’s procedure and the elephant trunk technique for
artificial blood vessel replacement. Bentall’s procedure
is a cardiac surgery technique that involves composite
graft replacement of the aortic valve, aortic root and
ascending aorta, with reimplantation of the coronary
arteries into the graft. For the elephant trunk technique,
excess tubular graft material is inserted during ascending
aortic and arch repair, to facilitate the subsequent
treatment of distal aortic aneurysms. These operations
are extremely hazardous.
Davies et al[8] have pointed out that treatment decisions should involve a balance between the risk of complications caused by the dilated aorta and those from the
operation itself. The most devastating complication of
an aneurysm is dissection, which leads to arterial occlusion and rupture and is almost invariably fatal. However,
the risk of operation is also unmanageable. The risk of
spinal cord injury, particularly in operations on the descending aorta[9], is also significant. As a result of surgical risk and expense, our patient elected for conservative
treatment for his aneurysm 8 years ago. When we were
faced with the rare aortic aneurysm and CRC, we chose
only to resect the CRC as a result of the great risks of
the operation because of the patient’s age, mural thrombosis, renal inadequacy, diabetes and hypertension. The
postoperative recovery was satisfactory, with stable aneurysm and no cancer recurrence during follow-up.
Most surgeons agree that treatment priority should be
focused on symptomatic or more life-threatening lesions
in CRC and aneurysm. The largest retrospective study
to date was reported by Lin et al[4] in 2007. In that study,
108 patients with synchronous aortic aneurysm and CRC
were identified, and 92 were treated for both lesions.
Thirty-five patients had CRC removed first, following two
patients with aneurysm rupture while 2/35 people with
aneurysm rupture had CRC removed first. Twenty-three
patients with endovascular aortic repair were associated
with shorter recovery and lower postoperative mortality
rate. This modality offered potential treatment benefits
in patients with suitable anatomy who have concomitant
CRC. However, the treatment should be offered with
caution because of the risk of sigmoid ischemia caused
by inferior mesenteric artery occlusion. Sometimes the

single operation decision may be a better one. In the
study of Lin et al[4], 16 patients were treated for only one
disease, because of advanced CRC, hepatic metastasis
or ruptured aneurysm, and these patients had a good
prognosis. The most important thing is that treatment
decisions should involve striking a balance between the
risk of the disease itself and the complications of the
operation. However, likely aneurysm rupture presents a
great challenge, and urgent aneurysm repair is required to
preserve the patient’s life.
In summary, in patients with aortic aneurysm and
CRC, priority should be given to the more life-threatening
lesion. If patients have heart disease or are in poor general
condition, attempting to treat both CRC and aneurysm
carries a great risk, and it may be possible only to treat
one of the conditions.
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Abstract
A 48-year old male with longstanding and extensive
pancolitis developed a high grade and rapidly lethal
malignant lesion in the ascending colon characterized
by a neuroendocrine carcinoma. Prior biopsies obtained
from multiple sites in the colon during endoscopic sur
veillance were reported to show only inflammatory
changes without dysplasia. Although operator-dependent,
repeated endoscopic studies may have limitations during
surveillance programs because the biological behavior
of some colonic neoplastic lesions may have a rapid and
very aggressive clinical course.
© 2009 The WJG Press and Baishideng. All rights reserved.
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TO THE EDITOR
An article recently published in World Journal Gastroenterology concerning two patients, aged 35 and 77 years

respectively, with left-sided ulcerative colitis, was of special importance[1]. In spite of colonoscopic and histologic
follow-up in the previous year, both developed large neuroendocrine carcinomas in the rectum, and one patient
was reported to have died due to multiple liver metastases.
We had a similar experience in a 48-year old male
with longstanding extensive pan-ulcerative colitis for 16
years, first diagnosed in 1992. During the clinical course,
his symptoms were initially treated and controlled with
5-aminosalicylates and corticosteroids. Endoscopic studies eventually showed virtually complete mucosal healing
and biopsies showed only minimal inflammatory changes.
No other immunosuppressive drugs or biological agents
were used. During the last decade, he continued to use
5-aminosalicylates alone and remained completely asymptomatic. He underwent repeated surveillance colonoscopies with multiple site biopsies throughout the
colon, which showed minimal inflammatory changes.
Dysplasia was not reported in any colonic biopsy specimen. Approximately ten months after his last endoscopic procedure, he developed right upper quadrant
abdominal pain. Blood studies, including liver chemistry
tests, were normal, but an ultrasound and a computerized tomographic (CT) scan suggested possible liver metastases. In addition, the CT suggested a focal thickening
area in the ascending colon. Colonoscopy confirmed an
ulcerated sessile lesion. Histologic examination of the
endoscopic biopsies showed an ulcerating tumor with
predominant trebecular architecture and vascular stroma.
The tumor cells had hyperchromatic nuclei with small
nucleoli and scant pale-stained cytoplasm. Mitoses were
numerous and there was abundant apoptosis, consistent
with a high grade malignancy. Immunohistochemical stain for chromogranin and synaptophysin showed
moderately intense staining of a neuroendocrine carcinoma. Tumor cells were positive for CK7 and negative
for CK-20. Subsequent studies also showed pulmonary
metastases and palliative chemotherapy was provided
with FOLFOX B (12 cycles), but the disease remained
progressive so FOLFIRI (10 cycles) was given. He died
fourteen months after diagnosis.
Neuroendocrine carcinomas of the colon and rectum,
accounting for less than 1% of colon and rectal cancers
reported over more than a decade from Memorial SloanKettering in New York, United States[2], are very distinct
from well-differentiated carcinoid tumors (or neuroendocrine tumors, using the World Health Organization
schema discussed elsewhere[3] seen with inflammatory
bowel disease but often detected incidentally during surgi-
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cal treatment[4,5]. About 70% of those classified as neuroendocrine carcinomas present with metastatic disease and
appear to have a dismal prognosis with a reported overall
mean survival of about ten months[2]. These carcinomas
have been subdivided into small and large cell types based
on their histological and immunohistochemical features,
similar to those of pulmonary neuroendocrine cancers
with most positively stained for neuroendocrine markers,
such as chromogranin, synaptophysin and/or neuronspecific enolase[2]. Interestingly, in a report from Taiwan,
there were 2 patients with small cell carcinomas that were
believed to represent gastrointestinal metastases from a
primary pulmonary site, possibly emphasizing the difficulty in defining their origin in some cases[6].
Scattered reports are available on poorly differentiated
neuroendocrine carcinoma with inflammatory bowel disease have been notedwith an equally dismal outcome[7-9].
In a recent report by Grassia et al[1], however, surveillance
studies were completed during the preceding year, and yet,
large lesions in the most distal colon were eventually detected later. Although the present case of pancolitis developed a carcinoma in the ascending colon, the surveillance
efforts for longstanding extensive colitis failed, in spite of
multiple site endoscopic biopsies for dysplasia over many
years. While colonoscopic evaluation, especially in surveillance programs, remains operator-dependent, these cases
emphasize that repeated and systematic endoscopic and
histological evaluations have limits because the underlying biological behavior of some colonic neoplastic lesions
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may result in a rapidly developing and aggressive clinical
course.
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Meetings
Events Calendar 2009
January 12-15, 2009
Hyatt Regency San Francisco, San
Francisco, CA
Mouse Models of Cancer
January 21-24, 2009
Westin San Diego Hotel, San Diego,
CA
Advances in Prostate Cancer Research
February 3-6, 2009
Carefree Resort and Villas, Carefree,
AZ (Greater Phoenix Area)
Second AACR Conference
The Science of Cancer Health
Disparities in Racial/Ethnic Minorities
and the Medically Underserved
February 7-10, 2009
Hyatt Regency Boston, Boston, MA
Translation of the Cancer Genome
February 8-11, 2009
Westin New Orleans Canal Place,
New Orleans, LA
Chemistry in Cancer Research: A
Vital Partnership in Cancer Drug
Discovery and Development
February 13-16, 2009
Hong Kong Convention and
Exhibition Centre, Hong Kong, China
19th Conference of the APASL
http://www.apasl2009hongkong.
org/en/home.aspx
February 27-28, 2009
Orlando, Florida
AGAI/AASLD/ASGE/ACG Training
Directors' Workshop
February 27-Mar 1, 2009
Vienna, Austria
EASL/AASLD Monothematic:
Nuclear Receptors and Liver Disease
www.easl.ch/vienna2009
March 13-14, 2009
Phoenix, Arizona
AGAI/AASLD Academic Skills
Workshop
March 20-24, 2009
Marriott Wardman Park Hotel
Washington, DC
13th International Symposium on
Viral Hepatitis and Liver Disease

			 

March 23-26, 2009
Glasgow, Scotland
British Society of Gastroenterology
(BSG) Annual Meeting
Email: bsg@mailbox.ulcc.ac.uk
April 8-9, 2009
Silver Spring, Maryland
2009 Hepatotoxicity Special Interest
Group Meeting
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July 5-12, 2009
Snowmass, CO, United States
Pathobiology of Cancer: The Edward
A. Smuckler Memorial Workshop
July 17-24, 2009
Aspen, CO, United States
Molecular Biology in Clinical
Oncology

April 18-22, 2009
Colorado Convention Center,
Denver, CO
AACR 100th Annual Meeting 2009

August 1-7, 2009
Vail Marriott Mountain Resort, Vail,
CO, United States
Methods in Clinical Cancer Research

April 22-26, 2009
Copenhagen, Denmark
the 44th Annual Meeting of the
European Association for the Study
of the Liver (EASL)
http://www.easl.ch/

August 14-16, 2009
Bell Harbor Conference Center,
Seattle, Washington, United States
Practical Solutions for Successful
Management
http://www.asge.org/index.aspx?id
=5040

May 17-20, 2009
Denver, Colorado, USA
Digestive Disease Week 2009
May 29-June 2, 2009
Orange County Convention Center
Orlando, Florida
45th ASCO Annual Meeting
www.asco.org/annualmeeting
May 30, 2009
Chicago, Illinois
Endpoints Workshop: NASH
May 30-June 4, 2009
McCormick Place, Chicago, IL
DDW 2009
http://www.ddw.org
June 17-19, 2009
North Bethesda, MD
Accelerating Anticancer Agent
Development
June 20-26, 2009
Flims, Switzerland
Methods in Clinical Cancer Research
(Europe)
June 24-27 2009
Barcelona, Spain
ESMO Conference: 11th World
Congress on Gastrointestinal Cancer
www.worldgicancer.com
June 25-28, 2009
Beijing International Convention
Center (BICC), Beijing, China
World Conference on Interventional
Oncology
http://www.chinamed.com.cn/
wcio2009/

September 23-26, 2009
Beijing International Convention
Center (BICC), Beijing, China
19th World Congress of the Interna
tional Association of Surgeons,
Gastroenterologists and Oncologists
(IASGO)
http://iasgo2009.org/en/index.
shtml
September 27-30, 2009
Taipei, China
Asian Pacific Digestive Week
http://www.apdwcongress.org/
2009/index.shtml
October 7-11, 2009
Boston Park Plaza Hotel and Towers,
Boston, MA, United States
Frontiers in Basic Cancer Research
October 13-16, 2009
Hyatt Regency Mission Bay Spa and
Marina, San Diego, CA,
United States
Advances in Breast Cancer Research:
Genetics, Biology, and Clinical
Applications
October 20-24, 2009
Versailles, France
Fifth International Conference on
Tumor Microenvironment: Progre
ssion, Therapy, and Prevention
October 30-November 3, 2009
Boston, MA, United States
The Liver Meeting

November 15-19, 2009
John B. Hynes Veterans Memorial
Convention Center, Boston, MA,
United States
AACR-NCI-EORTC Molecular
Targets and Cancer Therapeutics
November 21-25, 2009
London, UK
Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

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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registration, which eliminates the obstacle that traditional journals possess
and usually delays the speed of the propagation and communication of
scientific research results. The open access model has been proven to be
a true approach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.
Maximization of the value of the readers can be comprehended in
two ways. First, the journal publishes articles that can be directly read or
downloaded free of charge at any time, which attracts more readers. Second,
the readers can apply the knowledge in clinical practice without delay after
reading and understanding the information in their fields. In addition, the
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boost advancements and developments in the fields. Maximization of the
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by any means, in whole or in part, without the written permission of
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the relevant guidelines for the care and use of laboratory animals of
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transparency in regard to the performance and reporting of clinical trials,
we endorse the policy of the International Committee of Medical Journal
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was not recorded in a publicly-accessible registry at its outset. The only
register now available, to our knowledge, is http://www. clinicaltrials.
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we encourage all potential contributors to register with it. However, in
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research is protected.
Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned to the
corresponding author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://wjg.wjgnet.com/wjg. 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
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should be
provided.
Authorship: Authorship credit should be in accordance with the standard
proposed by International Committee of Medical Journal Editors, based
on (1) substantial contributions to conception and design, acquisition
of data, or analysis and interpretation of data; (2) drafting the article
or revising it critically for important intellectual content; and (3) final
approval of the version to be published. Authors should meet conditions 1,
2, and 3.
Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-Chen
Zhang, Li-Xin Mei, Department of Pathology, Chengde Medical College,
Chengde 067000, Hebei Province, China. One author may be represented
from two institutions, for example, George Sgourakis, Department of
General, Visceral, and Transplantation Surgery, Essen 45122, Germany;
George Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece
Author contributions: The format of this section should be: 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
the research; Wang CL, Zou CC, Hong F and Wu XM performed the
research; Xue JZ and Lu JR contributed new reagents/analytic tools;
Wang CL, Liang L and Fu JF analyzed the data; and Wang CL, Liang L
and Fu JF wrote the paper.
Supportive foundations: The complete name and number of supportive
foundations should be provided, e.g., Supported by National Natural
Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be

Instructions to authors

5887

provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, University
of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

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.

Telephone and fax: Telephone and fax should consist of +, country
number, district number and telephone or fax number, e.g., Telephone:
+86-10-59080039, Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05, bP
< 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.

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 JingYuan 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
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements for
structured abstracts are as follows:
An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contributions
should be structured into the following sections. AIM (no more than 20
words): Only the purpose should be included. Please write the aim as the
form of “To investigate/study/…; MATERIALS AND METHODS (no
more than 140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant data to
illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001;
CONCLUSION (no more than 26 words). Available from:http://www.
wjgnet.com/wjg/help/8.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
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 main 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, can 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.
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w w w. w j g n e t . c o m / 1 0 0 7 - 9 3 2 7 / 1 3 / 4 8 9 1 . p d f ; h t t p : / / w w w.
w j g n e t . c o m / 1 0 0 7 - 9 3 2 7 / 1 3 / 4 9 8 6 . p d f ; h t t p : / / w w w. w j g n e t .
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
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use uniform legends for the same subjects. For example: Figure 1
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Acknowledgments
Brief acknowledgments of persons who have made genuine contributions
to the manuscript 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 and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. PMID
and DOI, which can be found at http://www.ncbi.nlm.nih.gov/sites/
entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/,
respectively. The numbers will be used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in bold-faced
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, Bo-Rong 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 Pixu-diarrhoea. Shijie
Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3
Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of

5888

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

balancing selection in Arabidopsis. Proc Natl Acad Sci USA 2006;
In press
Organization as author
4
Diabetes Prevention Program Research Group. Hypertension,
insulin, and proinsulin in participants with impaired glucose
tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.09]
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 1274 European men suffering
from lower urinary tract symptoms. J Urol 2003; 169: 2257-2261
[PMID: 12771764 DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6
21st century heart solution may have a sting in the tail. BMJ 2002;
325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.7357.184]
Volume with supplement
7
Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment of
migraine and in comparison with sumatriptan. Headache 2002; 42
Suppl 2: S93-99 [PMID: 12028325 DOI:10.1046/j.1526-4610.42.
s2.7.x]
Issue with no volume
8
Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section
analysis in revision total joint arthroplasty. Clin Orthop Relat Res
2002; (401): 230-238 [PMID: 12151900 DOI:10.1097/00003086200208000-00026]
No volume or issue
9
Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]
Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th
ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical treatment
for peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation
and basis for therapy. New York: Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd
ed. Wieczorek RR, editor. White Plains (NY): March of Dimes
Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001 Sep
13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's computational
effort statistic for genetic programming. In: Foster JA, Lutton E,
Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming.
EuroGP 2002: Proceedings of the 5th European Conference on
Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg
Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1): 24
screens. Available from: URL: http//www.cdc.gov/ncidod/EID/
eid.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible
endoscopic grasping and cutting device and positioning tool
assembly. United States patent US 20020103498. 2002 Aug 1
Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2
(in Greek), related coefficient as r (in italics), degree of freedom as υ (in
Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood
glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass
concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume fraction, 50 mL/L
CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin;
and mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23 243 641.
The format for how to accurately write common units and quantums
can be found at: http://www.wjgnet.com/wjg/help/14.doc.
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Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated unless they
are used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide
for Biological and Medical Editors and Authors (Ed. Baron DN, 1988)
published by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG,
WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be
used directly without further explanation.
Italics
Quantities: t time or temperature, c concentration, A area, l length, m
mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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