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Abstract
Hepatitis B virus (HBV) and alcohol abuse often contribute to the development of
end-stage liver disease. Alcohol abuse not only causes rapid progression of liver
disease in HBV infected patients but also allows HBV to persist chronically.
Importantly, the mechanism by which alcohol promotes the progression of HBV-
associated liver disease are not completely understood. Potential mechanisms
include a suppressed immune response, oxidative stress, endoplasmic reticulum
and Golgi apparatus stresses, and increased HBV replication. Certainly, more
research is necessary to gain a better understanding of these mechanisms such
that treatment(s) to prevent rapid liver disease progression in alcohol-abusing
HBV patients could be developed. In this review, we discuss the aforementioned
factors for the higher risk of liver diseases in alcohol-induced HBV pathogenies
and suggest the areas for future studies in this field.
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Core tip: In this review, we discussed the literature and some of our recent findings on
the combined effects of alcohol and hepatitis B virus (HBV)-infection in the progression
of liver diseases, such as steatosis, fibrosis, cirrhosis and hepatocellular carcinoma.
Worldwide, 1.5 billion people had chronic liver disease in 2017, most commonly
resulting from HBV (29%) and alcoholic liver disease (2%). Clinical evidence supports
the synergistic effect of alcohol and HBV- infection on progression of end-stage liver
diseases. The possible mechanisms for the chronic liver diseases induced by the
combination of alcohol and HBV-infection are increased HBV replication, oxidative
stress, cell organelles stress [such as endoplasmic reticulum and Golgi stress] and
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importantly, weakened immune responses. Better understanding of these mechanisms
will improve the treatment options for the HBV-alcoholic patients.
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INTRODUCTION
Hepatitis B virus (HBV) infection is an important public health problem. Two billion
population worldwide infected with HBV, including 257 million chronic carriers[1].
The current number of chronic HBV infection cases in United States is 2.2 million[2].
However, many people living with HBV are unaware that they are infected. Usually,
patients with acute hepatitis B clear HBV from their blood and liver within 6 mo.
However, certain factors, such as alcohol abuse, make HBV to chronically persist
which  put  patients  at  a  higher  risk  for  developing  fibrosis,  cirrhosis,  and
hepatocellular carcinoma (HCC)[3-5]. The combination of HBV infection and alcohol
abuse enhances liver  injury progression[6,7],  especially to  HCC, which is  5th  most
common  cancer  type  and  2nd  leading  cause  of  cancer  death  in  world[5,8].  The
mechanisms underlying these detrimental effects of alcohol in HBV-infected patients
are not fully understood and are less clear than with chronic hepatitis C virus (HCV)
infection.  Current  treatment  for  chronic  HBV  patients  is  limited  to  antiviral
medications, interferon (IFN) injections, and liver transplants. These treatments do
not fully cure the HBV infection but prevent its spread to uninfected people and
decrease  the  chance  of  developing  end-stage  liver  disease.  However,  these
medications are often largely ineffective when chronic HBV infected patients have
alcohol use disorders (AUD). Elucidation of the mechanisms behind the exacerbation
of HBV pathogenesis by alcohol is crucial for the development of new drugs and
treatment options in alcohol-abusing HBV patients. This article reviews the current
literature concerning alcohol-mediated HBV persistence by exploring ethanol-induced
immune  system  impairment,  HBV  replication,  oxidative  stress,  endoplasmic
reticulum (ER) stress, Golgi apparatus fragmentation, and a higher risk of the end-
stage liver diseases. It also indicates the gaps in our knowledge base for future studies
in this field.

INCIDENCE OF HBV INFECTION
The  epidemiology  of  HBV  infection  is  geographically  diverse,  with  population
prevalence, age, acquisition mode and chance of progression to chronic state being
mutually interdependent[9]. In United States, about 22100 acute hepatitis B cases were
reported in 2017. The prevalence of chronic HBV infection is categorized into low,
intermediate and high prevalence areas based on the percent of  HBV infection’s
incidence: Less than 2% is observed in low-prevalence areas (United States, Canada,
and Western Europe), 2% to 7% is in intermediate-prevalence areas (Mediterranean
countries, Japan, Central Asia, Middle East, and parts of South America) and more
than 8% is in high-prevalence areas (Western Africa and South Sudan)[9].

DEVELOPMENT OF END STAGE LIVER DISEASES IN
CHRONIC HBV INFECTION
The progression to chronic hepatitis B infection enhances the risk for development
end-  stage liver  diseases  leading to  increased mortality[4,5].  The hepatic  steatosis
induced  by  HBV  infection  is  mainly  caused  by  HBx  protein  by  increasing  the
mitochondrial reactive oxygen species (ROS) levels, oxidative stress and through the
interaction with liver-enriched transcription factors, hepatocyte nuclear factor 3-β,
CCAAT/enhancer-binding protein α, peroxisome proliferator-activated receptor α
axis, and fatty acid–binding protein 1[10,11]. Interaction between viral proteins in the
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liver and immune system induces hepatocyte damage, followed by tissue repair[12].
This repair process causes deposition of extracellular matrix leading to progressive
liver  fibrosis.  HBV X protein may also have fibrogenic  and oncogenic  effects  on
liver[13].  Progression to advanced fibrosis can be either rapid or slow, or sporadic
based on disease stages and levels of liver inflammation and injury[14]. A recent study
reported that elevated α-fetoprotein levels and hepatitis B e antigen (HbeAg)-negative
hepatitis  are  risk  factors  for  liver  fibrosis.  In  addition,  these  authors  found that
interleukin (IL)-1β elevation is important for the progression of liver fibrosis during
chronic HBV infection[15]. The mean age of cirrhosis onset in chronic HBV infection
acquired during childhood is about 40 years, and the complications become clinically
evident 3 years to 5 years later[3,16]. Cirrhosis development is 3-fold more frequent in
chronic HBV patients with high viral  load than in those with low viral  load[17-19].
HBeAg-positivity and elevated HBV DNA levels were reported as risk factors for the
onset of liver cirrhosis in patients with chronic hepatitis B[20]. Liver cirrhosis is a pre-
malignant  condition  that  increase  incidence  of  genetic  aberrations  and  cellular
transformations. The chronic hepatic inflammation as well as increased hepatocyte
turnover found in cirrhosis lead to genetic mutations. Uncontrolled proliferation and
the  high  rate  of  genetic  mutations  promote  progression  to  liver  cancer[21].  HBV
infection is one of the major risk factors for the development of HCC. Below, we will
overview the  role  of  alcohol  in  progression  of  HBV-infection  to  end-stage  liver
disease.

ROLE OF ETHANOL METABOLISM ON VIRAL HEPATITIS
Alcohol abuse is another major health problem prevalent throughout the world. AUD
is characterized by compulsive alcohol intake and a pessimistic mood when not using
alcohol. The National Survey on Drug Use and Health found that 15.1 million adults
and 623000 adolescents (age 12-17) had AUD. Only 6.7% of these adults and 5.2% of
these  adolescents  received  treatment.  Furthermore,  alcohol  abuse  poses  an
extraordinary economic burden. Excessive alcohol use cost the United States $249
billion per year[22], and alcoholic liver disease (ALD) is an escalating global problem
accounting for more than 3 million deaths annually[23].

Chronic alcohol intake alters the architecture and compromises the functional
capacity of the liver. Alcohol metabolism is catalyzed by alcohol dehydrogenase and
cytochrome P450 2E1 (CYP2E1) to acetaldehyde and this major metabolite is  the
culprit  for  the  majority  of  the  toxic  effects  associated  with  alcohol  use[24,25].
Acetaldehyde is both highly toxic and carcinogenic[26].  CYP2E1 is involved in the
induction  of  ROS,  which  interact  with  fat  molecules  thereby  causing  lipid
peroxidation[27]. In addition, both acetaldehyde and CYP2E1 induce oxidative stress[28].
Overall, the effect of alcohol metabolism on protein function, DNA, changes to the
immune system and oxidative stress affect both hepatocytes and other liver cells.
They  take  place  under  both  acute  and  chronic  exposure  to  alcohol  and  induce
significant functional impairments resulting in cell death, tumorigenesis, altered cell
to cell communication, and become more prone to viral infections[29,30].

Ethanol  metabolism is  often associated with  viral  hepatitis,  because  liver  is  a
primary site for both hepatotropic viruses (HCV and HBV) replication and ethanol
metabolism.  ALD  accompanied  with  the  hepatitis  virus  accelerates  the  disease
course[31]. Synergic hepatotoxic effect caused by alcohol and HCV infection increased
the risk of advanced liver disease, rapid progression of fibrosis, and higher prevalence
of HCC[32,33]. It has been reported that combination of HCV infection and daily alcohol
intake (> 80 g) increased the risk of HCC development > 100-fold[34]. The incidence of
HBV is higher among alcoholics than among the general population[35,36]. Studies has
been  conducted  on  the  combined  effect  of  alcohol  and  viral  hepatitis  in  the
progression of liver diseases, but the role of alcohol metabolism as risk factors in
pathogenesis of HBV infection has not been studied yet[30].

CLINICAL EVIDENCE OF HBV INFECTION ASSOCIATED
LIVER DISEASES IN ALCOHOLICS
Alcohol  abuse pattern has wide geographical  distribution depending on alcohol
drinking habits in various parts of the world. As reported, about 50% of HBV carriers
drink alcohol and more than 10% are heavy drinkers in Korean population[37]. A study
from  Taiwan  reported  that  alcohol  drinking  is  linked  to  a  lower  prevalence  of
hepatitis B surface antigen (HbsAg) alone but to higher prevalence of HBeAg among
HbsAg-positive drinkers compared with nondrinkers[38]. Recently, Iida-Ueno et al[27]
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extensively reviewed the role of alcohol in the exacerbation of HBV infection and
progression to end-stage liver diseases. Marcellin et al[39] found a strong association
between  alcohol  consumption  and  mortality  in  HBV patients.  Two prospective
community-based  cohort  studies  from Taiwan and  Korea  reported  that  alcohol
consumption had an increased risk of HCC in HBsAg-positive men when compared
HBsAg-positive patients with HbsAg negative patients without alcohol consumption,
but relative risk was not significant[40,41]. It has been shown that chronic HBV infection
potentiated by co-factors, such as alcohol consumption, may act in synergy with the
virus  in  determining  an  early  onset  and  a  more  rapid  progression  of  HCC[42,43].
Furthermore, the risk of HCC development is 6-fold higher in alcohol abusers[44]. In
addition, according to Loomba et al[45] both obesity and alcohol have synergistic effects
in increasing the incidence of HCC in HBsAg–positive men. It has been reported in
cohort of Italian cirrhotic patients that the combined effect of alcohol and HBV was
high risk factor for HCC (18-fold increase) than the HBV alone[34,46]. In addition, people
who use alcohol for at least 15 years had enhanced the risk of liver cancer in chronic
HbsAg carriers for 3-4 times[46].

Alcohol also increases the risk of fibrosis in patients with coexisting HBV[47], as well
as enhances liver necroinflammatory changes in HBsAg positive patients[48]. There is
an increased alteration of liver tests in HBsAg alcohol abusers[49]. In addition, self-
resolved HBV infection (defined as HBsAg-negative and HBcAb-positive) can be
qualified as a risk factor for developing HCC in patients with alcoholic cirrhosis[50].
Interestingly,  a  recent  study  on  liver  disease  progression  in  subjects  with
simultaneous presence of HBV/HCV dual infection and history of alcohol abuse
suggests  that  females are at  a  higher risk of  liver  cirrhosis  than males[51].  Future
studies should focus on the unresolved issues, such as the influence of alcohol in
inactive HBsAg carriers, immune tolerant or long-term virally suppressed patients for
the risk of liver disease progression[34]. Importantly the mechanisms of synergistic
effects between alcohol and HBV infection, which increases the risk of end-stage liver
diseases should be the subject of extensive research[52].

HBV REPLICATION CYCLE AND ALCOHOL
Under normal circumstances, HBV behaves as a stealth virus, escaping the immune
response[53,54]. HBV is an enveloped DNA virus containing a partially double-stranded
relaxed circular DNA genome tropic to hepatocytes[55].  The HBV replication cycle
requires binding and entry of  the virus via  its  receptors,  cytosolic  transport  and
uncoating of the nucleocapsid, formation of covalently closed circular DNA in the
nucleus, the transcription and translation of virus-specific genes, assembly of capsids
and initiation of reverse transcription, followed by budding and secretion of virions
and sub-viral particles as shown in Figure 1.

HBV replication cycle is a classical process, which is regulated by both host and
viral  factors[55-57].  Double-stranded  DNA  genome  encodes  only  7  viral  proteins
including DNA polymerase,  capsid protein (Core),  HBeAg,  X protein,  and three
envelope  proteins:  LHBs  (L),  MHBs  (M)  and  SHBs  (S)[57,58].  A  hallmark  of  all
Hepadnaviridae is the secretion of surface proteins as sub-viral particles (for HBV,
HBsAg particles) in spherical or filamentous form and HBsAg do not contain viral
DNA and are non-infectious[59].

Alcoholic patients often have higher levels of HBV markers. Under experimental
conditions, Larkin et al[35] found that ethanol-fed mice had up to 7-fold higher levels of
HBsAg and HBV DNA compared to control diet- fed mice. HBV RNA levels were
increased in alcohol-fed mice, also showing higher expression of core, surface, and X
antigens in the liver. This is consistent with the higher HBV marker levels present
among alcoholics and supports the idea that alcohol abuse increases HBV replication.
The ability of HBV to evade and/or suppress the immune system also supports this
idea,  especially  when  the  immune  system  is  impaired  by  excessive  alcohol
consumption. Recently, based on in vitro studies, we reported that ethanol metabolism
increased  the  HBV  RNA,  covalently  closed  circular  DNA,  and  HBsAg  in  HBV
transfected  cells[60].  This  report  is  in  agreement  with  a  previous  study  which
demonstrated that ethanol significantly increased HBV replication in mice[61].  The
mechanism behind the ethanol- induced HBV replication may be related to increased
CYP2E1 activity and subsequent oxidative stress induction. As shown by Min et al[62]

ethanol-induced overexpression of CYP2E1 significantly increased the expression of
HNF-4a, a major transcription factor for the HBV core promoter, thereby increasing
the HBV replication in ethanol exposed HepAD38 cells. The same authors reported
that alcohol per se stimulates the HBV genome transcription by increasing the liver-
specific transcription factors/nuclear receptors in an oxidative stress-independent
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Figure 1

Figure 1  Schematic presentation of hepatitis B virus replication cycle. Hepatitis B virus (HBV) enters
hepatocytes via hepatocyte-expressing receptors for viral entry, either sodium taurocholate co-transporting
polypeptide or heparan sulfate proteoglycan. The next stage is uncoating of the nucleocapsid, which takes place in
cytosol and then formation of covalently closed circular DNA occurs in nucleus. Next, the transcription and translation
of HBV specific genes take place and finally, the HBV virions are released to circulation. X protein, and three
envelope proteins: LHBs (L), MHBs (M) and SHBs (S). HBV: Hepatitis B virus; NTCP: sodium taurocholate co-
transporting polypeptide; cccDNA: Covalently closed circular DNA; HSPG: Heparan sulfate proteoglycan; rcDNA:
Relaxed circular DNA; ER: Endoplasmic reticulum; Pol: DNA polymerase; Core: Capsid protein; HBeAg: Hepatitis B e
antigen.

mechanism. In addition, there are other factors, PPARa, FXRa, and PGC involved in
regulation of HBV RNA transcription[63,64].  They also bind to HBV core promoter,
thereby  increasing  the  transcription  of  HBV pgRNA[65-67].  The  above-mentioned
mechanisms are attributed to ethanol-induced activation of HBV transcription[62].
Recently, Lin et al[68] showed that alcoholic HBV patients have higher hepatitis B viral
load. In addition, acetaldehyde affects the lipid composition of cellular membranes in
lipid  rafts,  thereby  influencing  HBV  infectivity[30,69].  Thus,  the  increased  HBV
replication plays a role in establishment of chronic hepatitis and/or liver end-stage
disease in alcohol abusing HBV patients.

HBV PATHOGENESIS/IMMUNOPATHOGENESIS AND
ALCOHOL
The natural history of HBV has been subdivided into two types of infection. In adults,
90%-95% of HBV infections is acute where immune-competent people clear the viral
infection effectively[70,71]. Acute infection is characterized by inflammation and necrosis
of hepatocytes and has low mortality rate (0.5%-1%)[71]. The persistence of HBsAg in
blood for longer than 6 months after the initial infection is a sign of chronic hepatitis
B[70]. This infection is mainly asymptomatic without any intense liver damage, but in
some cases, it leads to chronic hepatitis, followed by fibrosis, cirrhosis development,
and HCC. Majority of infected children aged 1-5 years, are not able to clear HBV and
represent the source of chronic patients[71,72], whereas 5%–10% of HBV-infected adults
are prone to develop chronic HBV infection with the mortality rate of 15%-25% from
cirrhosis and HCC[71,73].

Based on the virus-host interactions, the natural course of chronic HBV infection is
sub-divided into 4 stages[3,74]: (1) Immune-tolerant phase is characterized by HBeAg
positivity, and high levels of serum HBV DNA due to active HBV replication[75,76].
Mostly, children and young adults who are HBsAg positive for 10-30 years from the
initial infection are in this phase[71];  (2) Immune clearance phase accompanied by
elevated serum ALT levels and decreased HBV DNA load; and (3) Immune-control
phase is characterized by low-replication, patients lose HBeAg with seroconversion to
anti-HBeAg, accompanied by liver disease remission; this is typical for the inactive
carrier state. However, about 20%–30% of these patients may have a viral relapse
followed by reactivation phase during follow-up period[75,76].

There are very limited reports available to support the role of  alcohol in HBV
pathogenesis in relation to HBV markers.  For example,  it  has been reported that
alcohol abused cirrhotic patients with higher levels of serum HBV DNA are more
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prone to liver cancer than those with low serum HBV DNA. An increasing HBV DNA
levels precipitate the progression of liver cirrhosis to HCC[77]. In another study, the
synergism between HBsAg positivity  and drinking were  reported,  suggesting a
stronger influence of viral infections and alcohol drinking on the risk of liver cancer[78].
In contrast, as reported by an older study, increased alcohol consumption is related to
higher prevalence of HBeAg seroconversion to anti-HBe, increased prevalence of ALD
and  lower  prevalence  of  chronic  hepatitis[79].  Furthermore,  some  early  studies
demonstrated more frequent presence of anti-HBs and anti-HBc antibodies in blood of
alcoholics than in the non-alcoholics[80-82]. In addition, it has been shown that alcohol
consumption  increased  liver  necro-inflammatory  changes  in  HBsAg  positive
patients[48] and elevated liver tests[49].

ROLE OF ALCOHOL IN HBV INNATE IMMUNITY
Host cells activate innate immune response when they contact pathogen to prevent
the spread of  infection and to stimulate efficient adaptive immune response[71,83].
Pattern-recognition receptors, through identifying the specific pathogen determinants
activate innate immunity to protect against pathogens. Viral sensing, induction of
type I IFNs and production of different cytokines are performed via toll-like receptors
(TLRs),  RNA  helicases,  RIG-I-like  receptors,  NOD-like  receptors,  melanoma
differentiation-associated protein 5 and protein kinase R. Namely, TLR5, and TLR9
are receptors for viral DNA, TLR7 and TLR8 for single-stranded RNA, while TLR3
can bind double-stranded RNA[71,83-89].

Production of  IFN type 1  -α/β and activation of  natural  killers  (NK) cells  are
induced at the initial phase of viral infections. Infected plasmacytoid dendritic cells
(pDC) are the main producers of IFN-α/β, while NK and natural killer T (NKT) cells
produce IFN-γ. In addition to IFN-α/β, other cytokines, like IL-12 and IL-18, control
viral replication[54,90-93].

HBV is relatively inefficient at inducing the anti-viral cytokines, including IFN-α/β.
This appears to be due to limited sensing of HBV stealth virus combined with active
suppression of innate immunity[94,95].  IFN-α/β induced interferon inducible genes
(ISGs) are responsible for antiviral effects that minimize pathogenetic processes by
limiting the viral production and spread[96,97]. Studies conducted on acutely infected
chimpanzees as well as in humans showed decreased production of type-1 interferons
and ISGs[94,97-100].  Interestingly,  McClary et  al[101]  using transgenic mouse model or
hepatoma cell lines have shown that HBV replicates in IFN-γ knockouts and IFN-α/β
receptor knockouts mice at  levels  higher than those observed in wild type mice,
implying that baseline levels of these cytokines control HBV replication in the absence
of inflammation. In support to the above study, Lucifora et al[102] demonstrated that
HBV elicits a strong and specific innate antiviral response (production of IFN-β and
activation of ISGs) that results in a non-cytopathic clearance of HBV DNA in HepaRG
cells. In contrast, in a chimeric mouse model, HBV inhibited the nuclear translocation
of  STAT1  in  response  to  IFNα,  thereby  preventing  ISG  transcription  in  human
hepatocytes[103]. The effect of ethanol on IFN-α/β innate responses and ISGs activation
in HBV infection pathogenesis has not been investigated, but there are several studies
which suggests that alcohol impairs IFN-α/β innate responses and anti-viral gene
expressions  in  HCV  pathogenesis [24 ,104-106].  Future  studies  should  focus  on
understanding the effect of alcohol metabolism on IFN-α/β innate responses and ISGs
activation during HBV infection pathogenesis as well as examine whether IFN-α/β
therapy could be a useful strategy for HBV alcoholics.

HBV infection may elicit differential cytokine responses among various liver cell
types  different  from hepatocytes,  depending  on  the  stage  or  route  of  infection.
Guidotti et al[107] elegantly demonstrated that HBV can be controlled by immune cells
in  a  non-cytolytic  manner  through  the  release  of  cytokines  and  other  immune
mediators. Both in vitro and in vivo studies showed that TNF-α, IL-12, and IL-18 are
involved  in  controlling  HBV  replication  in  addition  to  IFN-γ  and  IFN-α/β
induction[108-110]. Several cytokines control HBV transcription through liver-enriched
transcription  factors[111].  It  has  been  demonstrated  that  IL-4,  IL-6,  IL-1β,  and
transforming growth factor-β (TGF-β) were effective in diminishing HBV replication
markers[112-116] via regulating HBV transcriptional activity. However, while all these
cytokines are protective during acute HBV infection, their persistence in chronic
infection may cause liver inflammation.

While the effect of alcohol in modulating these cytokines in HBV infection has not
been investigated, but it has been well documented that pro-inflammatory cytokines
levels  were  increased  and anti-inflammatory  cytokines  were  decreased  in  ALD
patients[117,118]. Taken together, it is reasonable to expect that alcohol could affect the
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anti-viral activity of these cytokines during acute infection and potentiate persistent
liver inflammation in chronic HBV infection, thereby promoting progressive end-
stage liver diseases. The excessive or persistent presence of immune mediators in
tissues have been recognized to play important roles in the pathogenesis of human
diseases[117,118]. It is very important to conduct future studies to understand and fill the
gaps in our understanding of  the role of  alcohol  in both acute and chronic HBV
infection induced cytokine responses.

Being important innate immunity component, NK cells control viruses via direct or
indirect cytolytic effects, namely, through the release of cytokines, IFN-γ, TNF-α,
TGF-β and IL-10[83,119]. In this regard, NK cell can directly lyse infected hepatocytes
through granzyme/perforin or death receptor pathways causing the death of infected
hepatocytes[119,120]. Non-cytolytic mechanisms of HBV clearance through cytokines like
IFN-γ[121] also control virus in the infected liver without affecting cell integrity[119].

The antiviral capacity of NK cells in HBV-infection has been extensively reviewed
by two different  groups[119,120].  In  this  regard,  NK cells  efficiently  inhibited HBV
replication in a transgenic mice mouse model of HBV infection[122] and contributed to
HBV  clearance  using  acute  HBV  mouse  model[123].  In  chimpanzees,  NK  cells
participated  early  in  non-cytolytic  clearance  of  HBV-infected  hepatocytes
accompanied  by  increase  in  intrahepatic  content  of  IFN-gamma  and  TNF-α[107].
However, subsequent experiments revealed a critical role for T cells rather than NK
cells in HBV control in this model[124].  In the pre-clinical  ramp-up phase of acute
hepatitis B patients, it  was observed an increase in the number of circulating NK
cells[125,126], while activation and effector function was suppressed; this led to viral load
increase[98].  There  was inversive correlation between low NK cell  activation and
induction of the immunosuppressive cytokine IL-10, raising the possibility that HBV
can actively evade immune responses[98].

NK cells display varying changes in proportion, phenotype and/or function in
different studies of chronic HBV infection. The defects in NK cells are reflected in
many aspects: In chronic HBV patients: (1) The proportions of hepatic and peripheral
NK cells are reduced with or without changes in their subsets[127-129];  (2) There are
changes in expression of activating or inhibitory receptors on NK cells[130,131]; (3) There
is an increase of some molecules with negative effects, such as T cell immunoglobulin
and mucin domain containing molecule-3[132]; (4) The cytolytic activity is maintained
or even enhanced, which correlates with the severity of liver injury[128,129,131]; and (5)
There is defect in the production of cytokines, like IFN-γ and TNF-α, making them
inefficient in promotion of direct non-cytolytic antiviral roles as well  as in T-cell
responses[128,130-132].

Activated  NK  cells  play  a  role  in  early  HBV-infected  hepatocyte  clearance.
However,  with the progression of  chronic  infection,  both NK and T cells  can be
suppressed by tolerogenic effects of hepatic ligands and cytokines which limit their
antiviral efficacy[119,133].  Further studies are needed for better understanding of the
factors  triggering and mediating the opposing roles  of  NK cells  in  chronic  HBV
infection which could allow these cells to be successfully exploited as therapeutic
targets[119]. Importantly, the role of alcohol on NK cell responsiveness in the HBV-
infected  liver  has  not  been  addressed.  As  reported,  NK  cells  are  impaired  by
alcohol[134], which ultimately affects antiviral activity of NK cells during acute HBV
infection. Another possible mechanism is the alcohol-induced impairment of IFN-γ
signaling which would decrease the protective ISGs gene expression. We recently
reported that ethanol metabolite, acetaldehyde impaired IFN-γ signaling via the JAK-
STAT1 pathway in HBV transfected cells[60]. Future studies in this topical area will
improve our understanding of NK cell immunity in HBV-infected alcoholic patients.

Dendritic cells (DCs), (both conventional/myeloid DCs, mDCs and plasmacytoid
DCs,  pDCs)  effectively  connect  the  adaptive  and  innate  immune  responses[135].
Subpopulations of DCs can be distinguished from other immune cells by specific
surface markers[136,137]. pDCs play a crucial role against viral infection by producing
vast  amounts  of  type  I  interferon  due  to  up-regulated  TLR7  and  TLR9
expression[138-140]. It has also been reported that pDCs increase the co-stimulatory and
major  histocompatibility  complex  (MHC)  molecules  expression  on  target  cells
enabling them to present antigen to T cells[141].

Cui et al[142] elucidated three main ways of recognition of HBV antigens by DCs.
First  is  that  HBV  DNA  can  be  recognized  by  DCs  through  TLR9,  second  DCs
internalize HBV DNA and third, HBsAg can be internalized by DCs through the
mannose receptor. DCs phagocytize HBV, process viral antigens to antigenic peptides
and present them to CD4+ and CD8+ T cells[143]. DCs activate antibody-dependent
cytotoxicity  cells  and  NK  cells,  which  stimulate  these  cells  to  secrete
immunosuppressive  cytokines,  IL-10  and  TGF-β,  assisting  in  the  induction  of
regulatory T cells (Tregs) with the participation of mDC to destroy HBV-infected
hepatocytes[144]. To date, there have been no studies which investigated the effect of
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alcohol on DCs function in pathogenesis of HBV infection. There are several reports
support that alcohol consumption decrease the DCs functional ability which leads to
impaired adaptive immunity and gives more chances to detrimental events upon
pathogens exposure[145-148]. It is possible that ethanol-induced dysfunction of DCs leads
to reduction in their HBV antigen presentation property, thereby causing prolonged
persistence of virus and progression to end-stage liver disease.

EFFECT OF ALCOHOL ON ADAPTIVE IMMUNITY IN HBV
INFECTION
The  adaptive  immune  response  is  responsible  for  viral  clearance  and  disease
pathogenesis during HBV infection[54,149].  Cell-to-cell  interactions may play either
protective or pathogenic roles, and are important for anti-viral adaptive immune
response in HBV infection[150]. These immune cells are: (1) CD4+ T cells, the helper T
cells, robust producers of cytokines required for the efficient development of effector
cytotoxic CD8+ T cells  and B cell  antibody production;  (2)  CD8+ T cells  directly
recognizing  virus-infected  cells  and  responsible  for  HBV-infected  hepatocytes
clearance via cytolytic and non-cytolytic mechanisms[151,152]; and (3) B cells neutralizing
free viral particles by antibodies to prevent (re) infection[153,154] and affect participation
of helper T cell in HBV antigen presentation[150]. The development of antiviral immune
response  is  typical  for  acute  HBV infection,  while  chronic  HBV patients  do  not
generate efficient antiviral response[149].

ROLE OF ALCOHOL ON B CELL RESPONSES IN HBV
INFECTION
Minimal information is available regarding the specificity of B cell responses to HBV,
although different  antibodies  are  routinely  used to  distinguish between clinical
phases of infection[155]. Recently, two different groups, extensively reviewed the role of
B cell responses in acute and chronic HBV infection[155,156]. It has been reported that in
chronic HBV patients, B cells are capable of producing polyclonal antibodies, which
targeted a range of HBV antigens, including HBcAg, HbeAg, and the large, medium
and small forms of HBsAg[157]. Antibodies against HBV surface antigen and HBV core
antigen are produced in acute HBV infection with different kinetics.  Anti-HBs is
considered as a marker of disease resolution whereas anti-HBc is marker of active or
past  infection[158].  Some  studies  showed  that  anti-HBc  response  has  also  been
associated with acute liver damage[159,160]. Antibodies targeting HBsAg and HBeAg
(anti-HBs and anti-HBe)  appear  later  in  acute  infection and are  associated with
favorable outcomes of infection[161]. The well-identified antiviral effector function of B
cells is related to their differentiation into plasma cells, which produce neutralizing
antibodies,  preventing  entry  of  the  virus  into  target  cells  either  through  steric
obstruction or through direct binding to the receptor-binding site on virions[162,163].
During HBV infection, only antibodies directed against the envelope protein (anti-
HBs) have neutralizing activity, underscored by their ability to recognize and bind to
key viral epitopes required for infectivity[164,165]. The function of B cells is not only in
production of neutralizing antibodies, but they also act as potent antigen presenting
cells (APCs), specifically for helper T cells[166]. During the flares of chronic hepatitis B,
there is  an enrichment of  IL-10 producing B cells  which modulate inflammatory
events as well as HBV-specific T cell responses[167]. Again, there is a huge gap on the
role of alcohol in terms of the regulation of B cells function and its input in HBV
pathogenesis.  It  has  been  previously  reported  that  alcohol  decreased  the  B  cell
numbers and especially lowered the circulating B cell levels[168-170]. Alcohol-induced
loss of peripheral  B cells  primarily affects certain subpopulations of cells,  which
develop into long-lived memory B cells critical in protection from the infection with
same pathogen[171]. It is possible that alcohol may weaken the B cell immune responses
by decreasing the level of B cells leading to reduction in antibodies against HBV
antigens, thereby causing chronic HBV. Geissler et al[172] demonstrated that in female
mice fed ethanol diet and immunized by DNA-based construct containing the pre-
S2/S gene, the levels of anti-HBs were marginally reduced compared with those in
control mice.
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ROLE OF ALCOHOL ON CYTOTOXIC T-LYMPOCYTE
RESPONSES IN HBV INFECTION
Regarding acute HBV-infection, there is less information available on B-cell response
but HBV-specific CD4+ and CD8+ mediated responses become normally measurable
during the period of exponential rise in HBV replication[125,126]. Capsid protein epitopes
were specifically recognized by CD4+ T helper cells, whereas CD8+ T cells naturally
recognize epitopes positioned within diverse HBV proteins. HBV-specific T cells are
Th1  focused  and  vigorous  in  self-limiting  acute  infection  compared  to  chronic
infection[97,173-175].  CD4+ T cell  response to HBV is  vigorous,  and multi-specific  in
patients with acute hepatitis who ultimately clear the virus, but it is comparatively
weak  in  persistently  infected  patients  with  chronic  hepatitis[176].  Many  studies
provided evidence for a strong relationship and association between CD4+ T cell
response, acute hepatitis, and viral clearance[177-179]. As also reported, there is no effect
on viral clearance and liver disease when CD4+ T cells are depleted at the peak of
HBV infection  in  chimpanzees[124],  suggesting  that  CD4+ T  cells  do  not  directly
participate in viral  clearance and tissue damage.  It  is  possible that  CD4+ T cells
indirectly control HBV infection by facilitating the induction and maintenance of the
virus-specific B cell and CD8+ T cell response[54].

HBV-specific CD8+ T cell response acts as the principal effector mechanism of viral
clearance and liver inflammation[156]. HBV-specific CD8+ T cells are enriched within
the infected liver, lyse HBV infected hepatocytes[124,180] and secrete cytokines (mainly
IFN-γ) that trigger a process of non-cytolytic HBV clearance[121] and recruitment of
inflammatory immune cells[122,181]. As mentioned earlier, like CD4+ T cells, CD8+ T cell
response  is  detectable  in  acute  HBV.  But  in  chronically  infected  patients,  the
peripheral blood T cell response is weak and narrowly focused[182-184]. Maini et al[185]

examined a relationship between the number of intrahepatic HBV specific CD8+ T
cells, extent of liver disease, and levels of HBV replication in chronically infected
patients, demonstrating that inhibition of virus replication could be independent of
liver  damage and that  the  functionality  of  HBV-specific  CD8+ T cells  was more
important than total number of T cells to control HBV replication. Experiments in
chimpanzees  have  shown that  the  viral  clearance  and the  onset  of  liver  disease
coincide with the accumulation of virus-specific CD8+ T cells and the induction of
IFN-γ, as well as ISGs in the liver[107,124].

In 2010, Chisari et al[54] clearly outlined the role of cytotoxic T lymphocyte (CTL)
response  in  viral  clearance  by  killing  infected  cells.  Although CTL killing  is  an
inefficient process, in order to kill the infected cells, a direct contact between CTLs
and infected cells is required. Hence, it is not possible to kill all infected cells by CTLs
because unlike HCV infection, HBV can infect as many as up to 1011 hepatocytes[107,186].
Therefore, although hepatitis in HBV infection is due to the cytopathic activity of the
CTLs, viral clearance may require more efficient CTL functions than just killing. There
are few studies which investigated the pathogenetic and non-cytopathic antiviral
functions  of  the  CTL  response  in  HBV  transgenic  mice  that  develop  an  acute
necroinflammatory  liver  disease  after  adoptive  transfer  of  HBsAg specific  CTL
clones[121,180,181].  They found that  CTLs rapidly enter  the liver  and recognize viral
antigen which triggers two events: (1) Apoptosis of the hepatocytes that are physically
engaged with CTLs; and (2) Secretion of IFN-γ which non-cytopathically inhibits HBV
gene expression and replication in the rest of the hepatocytes[121,187]. It has also been
reported  that  the  cytopathic  and  antiviral  functions  of  CTLs  are  completely
independent  from each other[121].  All  these results  suggest  that  CD8+-dependent
cytopathic and non-cytopathic clearance of HBV are effective in the limitation of HBV
viral  infection[100,107,121,124].  Studies  conducted in both animals  and humans clearly
showed that alcohol reduces the number of T- cells, changes the ratio of T- cell types,
decrease  the  T-  cells  activation  and  function  and  finally,  promote  the  T-  cell
apoptosis[171].  Geissler et  al[172]  showed in a transgenic mouse model that ethanol-
induced effects on CTL activity against the middle envelope protein (MHBs) as well
as on T-cell proliferation and cytokine release may partially contribute to a higher
incidence  of  persistent  HBV infection  in  alcoholics.  Again,  there  are  no  studies
directly investigating the role of alcohol in the context of CTL responses in HBV
infection. It  is very important to study the association between alcohol and HBV
adaptive immune response for understanding of the exact mechanisms of alcohol-
induced impairment of various arms of the adaptive immunity. The clarity in this
matter will be useful for the development of treatment strategy for the end stage liver
diseases in alcoholic HBV patients.
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ROLE OF ALCOHOL IN HBV MHC CLASS I AND II ANTIGEN
PRESENTATION
MHC class I antigen presentation pathway plays important role in the detection of
virally infected cells by CTLs. MHC class I molecules are expressed on the cell surface
of  all  nucleated  cells  and  present  peptide  fragments  derived  from intracellular
proteins[188]. As mentioned above, in HBV infection, CTLs expressing specific T- cell
receptors are responsible for elimination of HBV-presenting hepatocytes. When the
display of viral peptide/MHC class I complex on HBV-infected hepatocytes is altered,
it  may  reduce  CTL  activation  and  thereby,  suppress  HBV-infected  hepatocyte
clearance[60]. Hence, the presentation of HBV-viral peptide-MHC class I complex on
hepatocytes surface is necessary for the effective elimination of HBV infected cells.
Sastry et al[189] and Khakpoor et al[190] reported that the recognition of different HBV
viral  peptides-MHC class  I  complex  (HBV epitopes)  are  important  for  efficient
immune therapeutic control of chronic HBV infection and that determination of these
epitopes will be useful in delivering antiviral drugs or cytokines directly to virus-
infected cells. As we mentioned earlier, MHC class I pathway is usually fueled by
endogenous antigens whereas main source of Ag entering the MHC class II pathway
is exogenous protein, which is endocytosed/phagocytosed by professional APCs[191].
CD4+ T cell activation is triggered when the specific antigenic peptide is presented on
MHC class II molecules. Exogenous antigens may also enter MHC class I pathway,
which is called cross-presentation by DCs and macrophages. Furthermore, antigens
expressed in the context of HBsAg virus-like particles can access MHC class I and
class II pathways of primary DCs to elicit adaptive immune responses. In addition,
Murata et  al[192]  reported that  intrahepatic  cross-presentation by DCs in the liver
augments HBV-specific CD8+ T cell expansion, while concomitant or subsequent
hepatocellular  presentation of  endogenously synthesized antigen is  essential  for
expansion and cytolytic differentiation of HBV-specific CD8+ T cells induced by DC
activation.  There  are  two old  studies  which  reported  that  strong  MHC class  II-
restricted CD4+ T cell response to HBV core is associated with viral clearance in acute
HBV infection[177,193].  There are limited number of studies investigating the role of
alcohol on MHC class I  and II presentation in HBV- infected cells.  Pasala et al[171]

reported that immune response to the HBV vaccination yielded a smaller immune
response in patients who abuse alcohol compared with healthy patients. We have
recently  reported  that  in  hepatocytes,  the  combination  of  HBV  and  ethanol
metabolites impairs proteasome function as well as IFN-γ-signaling through the Jak-
STAT1 pathway and suppresses HBV peptide cleavage by immunoproteasome. It also
disactivates  protein  loading  complex  components,  TAP  and  tapasin,  which  are
required for HBV peptide-MHC class I trafficking to the membrane, finally, affecting
the expression of HBV core peptide 18-27- MHC class I complex on cell surface[60]. All
these events may prevent CTLs activation to limit their ability to identify/clear HBV-
infected hepatocytes resulting in liver inflammation and its progression to fibrosis
and HCC. Importantly, future studies should be focused on the effects of ethanol on
MHC-class II presentation, which is mainly catalyzed by effector cells, such as APCs.
Overall, the combination of a weakened innate and adaptive immune response due to
ethanol consumption could decrease the ability to clear HBV from the body, allowing
the virus to persist chronically, followed by development of end - liver diseases, such
as cirrhosis and HCC.

ALCOHOL INDUCED IMPAIRMENT OF GUT-MICROBIOME
AND HBV PATHOGENESIS
The  unique  intestinal  blood  supply  containing  microbe-derived  products  and
metabolites  affect  the  composition  of  hepatic  immune  cells ,  immune
microenvironment and the regulation of antiviral immune responses. The immune
response in the liver is closely controlled by the intestinal commensal microbiota
signals.  The  host’s  ability  to  clear  HBV  is  correlated  with  the  establishment  of
commensal microbiota. Wu et al[194] using HBV- transfected mice, demonstrated the
critical role of CD4+ T cells in HBV clearance mediated by commensal microbiota.
Both  human  and  animal  studies  have  shown  that  the  intestinal  barrier  of  the
gastrointestinal tract has exceptionally high permeability as a result of alcohol abuse.
The  tight  junctions  between epithelial  cells  in  the  gastrointestinal  tract  are  also
disturbed as a result of alcohol abuse, allowing bacterial substances to leak into the
bloodstream[195-197]. It is possible that alcohol influenced bacterial composition due to
depletion  of  beneficial  commensal  bacteria  and  high  pathogenic  bacteria
colonization[198].  All  these  changes  could  contribute  to  impairment  in  the  HBV
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clearance dependent on the establishment of commensal microbiota.

ROLE OF ETHANOL AND HBV- INDUCED OXIDATIVE
STRESS IN LIVER INJURY
As mentioned earlier, ethanol metabolism in the liver can lead to an increase in the
production of ROS, mainly hydrogen peroxide and superoxide anion[27]. Moderate
drinking (<  50  g/d)  has  been shown to  increase  the  probabilities  of  developing
oxidative  stress  three-fold,  while  heavy drinking (>  50  g/d)  has  been shown to
increase these odds by 13 to 24 times[199]. Few studies have investigated the role of
alcohol-induced oxidative stress in HBV infection pathogenesis and associated liver
injury. In addition, oxidative stress may play a key role in the progression of liver
disease where alcohol consumption is associated with chronic hepatitis B[27]. Ha et al[200]

reported that even moderate ethanol consumption promotes oxidative stress and liver
injury  in  HBx transgenic  mice,  implying that  compromised antioxidant  defense
increases alcohol-associated liver injury. In addition, Min et al[62] found that CYP2E1-
induced oxidative  stress  potentiates  the  ethanol-related transactivation of  HBV.
Recently,  we  reported  the  ethanol  metabolite,  acetaldehyde  induces  lipid
peroxidation, and adduction of proteins with 4-hydroxynonenal and malonaldehydes
(oxidative stress markers) suppress the proteasome activity, necessary for generation
of antigenic peptides for MHC class I -restricted antigen presentation. This results in
decreased presentation of HBV peptide-MHC class I complex for the recognition by
CTLs and limits elimination of infected cells[60] leading to persistence of HBV and
subsequent end-stage liver diseases.

However, it is very difficult to dissect the role of alcohol- induced oxidative stress
in HBV infection and associated liver injury since HBV has also been shown to cause
oxidative stress[201-203]. In a study on 158 HBV patients and 42 healthy individuals, total
oxidative stress levels were significantly higher for the patients infected with chronic
HBV compared to the other groups[204]. Findings from a recent study consist of 296
chronic HBV patients suggesting that oxidative stress might be a useful indicator of
the progression of  HBV-induced liver  disease in patients[202].  HBV has also been
shown  to  induce  oxidative  stress  in  transgenic  mice  and  human  primary
hepatocytes[205,206].  Also,  HBx  protein-induced  ROS  plays  an  important  role  in
autophagosome formation and the  ensuing viral  replication[207].  In  addition,  the
development of  HCC in HBx transgenic  mice is  preceded by oxidative stress[208].
Overall, both alcohol and HBV proteins induced ROS activated pathways (such as the
mitogen-activated protein kinase pathway) that aid in the formation of chronic liver
disease[200]. Since, alcohol and HBV act as an individual factor in causing oxidative
stress, there are no studies which investigated the combined effect alcohol- and HBV-
induced oxidative stress in the pathogenesis of liver injury. Hence, it is very important
to  conduct  more  studies  to  find  out  the  synergistic  effect  of  alcohol-  and HBV-
induced oxidative stress in the progression of end stage liver disease.

ETHANOL AND HBV INDEPENDENTLY INDUCE ER STRESS
When the protein load exceeds the protein-folding capacity of the ER, the unfolded
protein response (UPR) is  induced as  an attempt to decrease the load.  A strong,
prolonged UPR leads to ER stress. Both ethanol and HBV have been shown to induce
the UPR and ER stress[209-212].

It  is known that ALD leads to an impaired ability of the liver to secrete serum
proteins, such as serum albumin and clotting factor proteins. There is evidence to
support that this impairment is caused by a malfunctioning ER, which makes sense
because the ER is involved in folding and modification of proteins that will eventually
be secreted. Howarth et al[213] reported that the exposure to ethanol metabolites caused
ER fragmentation and increased expression of UPR genes in hepatocytes. The same
group found that ethanol exposure caused ER morphological abnormalities, defects in
hepatocyte secretion, and a strong UPR in zebrafish[213]. Several investigators reported
that acetaldehyde and its adducts cause ER stress[214-218].

HBV infection has also been shown to cause ER stress. Li et al[219], found that the
UPR was induced in HBV-infected hepatocytes. However, only specific branches of
the UPR were induced, while the branch leading to apoptosis was not affected. This
allowed UPR and ER stress to persist while preventing apoptosis[219].  Kim et al[220]

reported that chronic HBV infection results in chronic ER stress. This chronic ER stress
plays a major role in the pathogenesis of liver diseases, including viral hepatitis and
liver cancer.
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Since both HBV and ethanol abuse cause ER stress, these stress responses may be
additive or even synergistic.  It  has been reported that ER stress is synergistically
induced  by  alcohol  in  the  presence  of  environmental  factors,  drugs,  or  viral
infection[221]. The possible mechanism behind the alcohol- induced ER stress in HBV
infection may be due to the alcohol-triggered viral replication (as we mentioned in the
earlier  section)  by  increasing  HBV DNA,  HbsAg,  and  HBx  protein.  These  viral
components have been involved in the UPR activation and ER stress, playing a role in
HBV pathogenesis[212,220,222,223]. It has been reported that alcohol and anti-HIV drugs
induced the ER stress and liver injury[224]. Importantly, for the effective elimination of
HBV- infected cells by CTLs, the proteasome generated antigenic peptides should be
loaded into MHC class I molecules and form peptide loading complex in the ER for
the HBV peptide-MHC class I complex presentation on hepatocytes surface. We have
recently reported that acetaldehyde suppressed the presentation of HBV peptide-
MHC class I in HBV transfected cell, in part, due to the acetaldehyde-induced ER
stress which leads to the impaired trafficking of this peptide complex in ER to Golgi
then to the cell surface[60].

ETHANOL INDUCES GOLGI FRAGMENTATION
A stressed ER often corresponds with a stressed Golgi apparatus since proteins from
the ER are trafficked to the Golgi before they are secreted from the cell. There is no
well-characterized system of Golgi stress markers as exists for the UPR proteins in ER,
so  the  best  way  to  determine  the  presence  of  Golgi  stress  is  to  view  Golgi
fragmentation  morphologically.  Siddhanta  et  al[225]  demonstrated  that  ethanol
exposure  leads  to  Golgi  fragmentation  and  fragmented  Golgi  cannot  function
properly. A malfunctioning of Golgi along with a malfunctioning ER impairs the
ability of hepatocytes to secrete serum and membrane proteins[225]. Recently Petrosyan
et al[226-228] revealed that abnormalities in the Golgi apparatus function is crucial for the
development of  alcoholic  liver injury.  They reported that  ethanol-induced Golgi
fragmentation  and  disorganization  of  Golgi  matrix  proteins  is  one  of  the  main
contributors  of  Golgi  scattering.  They  also  found  that  alcohol-induced  Golgi
fragmentation alters the Golgi-to-plasma membrane trafficking. Interestingly, it has
been reported that under viral infection, Golgi is partially fragmented[229] and that
HCV also caused Golgi fragmentation[230]. There are no studies conducted on the role
of alcohol and HBV-induced Golgi fragmentation in HBV infection pathogenesis and
subsequent progression of liver injury.

CONCLUSION
The  combination  of  HBV  infection  and  alcohol  abuse  can  provide  detrimental
consequences. To gain better understanding of the mechanisms behind this dangerous
combination could save millions of lives. Many possible mechanisms explain the
synergistic progression of end-stage liver disease and the development of chronic
hepatitis  B infection in alcohol-abused patients  (Figure 2).  These factors  include
alcohol-induced increase in HBV replication, oxidative stress and suppressed immune
response,  which finally leads to fibrosis  and HCC development.  Other potential
contributors to this rapid disease progression are ER and Golgi stress,  which are
induced by each alcohol and HBV, but effects are synergized by the combination of
both insults. While many potential mechanisms for the synergistic effects of HBV and
alcohol abuse exist, most of them have not been explicitly studied and characterized.
More research is required to understand the complex interactions between alcohol
consumption and HBV infection. Once elucidated, these mechanisms could aid in the
development of new treatments to prevent the progression of end-stage liver disease
in alcohol abusing HBV patients.
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Figure 2

Figure 2  Mechanisms of alcohol and hepatitis B virus-infection induced liver injury. Alcohol and hepatitis B virus together increase hepatitis B virus replication,
oxidative stress, and cell organelle stress (endoplasmic reticulum and Golgi stress) which ultimately suppresses both adaptive and innate immune response, thereby
leading to end- stage liver diseases. HBV: Hepatitis B virus; ER: Endoplasmic reticulum; IFN: Interferon; IL: Interleukin; MHC: Major histocompatibility complex; NK:
Natural killers.
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Abstract
BACKGROUND
The robust fibroinflammatory stroma characteristic of pancreatic ductal
adenocarcinoma (PDA) impedes effective drug delivery. Pulsed focused
ultrasound (pFUS) can disrupt this stroma and has improved survival in an early
clinical trial. Non-invasive methods to characterize pFUS treatment effects are
desirable for advancement of this promising treatment modality in larger clinical
trials.

AIM
To identify promising, non-invasive pre-clinical imaging methods to characterize
acute pFUS treatment effects for in vivo models of PDA.

METHODS
We utilized quantitative magnetic resonance imaging methods at 14 tesla in three
mouse models of PDA (subcutaneous, orthotopic and transgenic - KrasLSL-
G12D/+, Trp53LSL-R172H/+, Cre or “KPC”) to assess immediate tumor response
to pFUS treatment (VIFU 2000 Alpinion Medical Systems; 475 W peak electric
power, 1 ms pulse duration, 1 Hz, duty cycle 0.1%) vs sham therapy, and
correlated our results with histochemical data. These pFUS treatment parameters
were previously shown to enhance tumor permeability to chemotherapeutics. T1
and T2 relaxation maps, high (126, 180, 234, 340, 549) vs low (7, 47, 81) b-value
apparent diffusion coefficient (ADC) maps, magnetization transfer ratio (MTR)
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maps, and chemical exchange saturation transfer (CEST) maps for the amide
proton spectrum (3.5 parts per million or “ppm”) and the glycosaminoglycan
spectrum (0.5-1.5 ppm) were generated and analyzed pre-treatment, and
immediately post-treatment, using ImageJ. Animals were sacrificed immediately
following post-treatment imaging. The whole-tumor was selected as the region of
interest for data analysis and subsequent statistical analysis. T-tests and Pearson
correlation were used for statistical inference.

RESULTS
Mean high-b value ADC measurements increased significantly with pFUS
treatment for all models. Mean glycosaminoglycan CEST and T2 measurements
decreased significantly post-treatment for the KPC group. Mean MTR and amide
CEST values increased significantly for the KPC group. Hyaluronic acid focal
intensities in the treated regions were significantly lower following pFUS
treatment for all animal models. The magnetic resonance imaging changes
observed acutely following pFUS therapy likely reflect: (1) Sequelae of variable
degrees of microcapillary hemorrhage (T1, MTR and amide CEST); (2) Lower
PDA glycosaminoglycan content and associated water content
(glycosaminoglycan CEST, T2 and hyaluronic acid focal intensity); and (3)
Improved tumor diffusivity (ADC) post pFUS treatment.

CONCLUSION
T2, glycosaminoglycan CEST, and ADC maps may provide reliable quantitation
of acute pFUS treatment effects for patients with PDA.

Key words: Pancreatic adenocarcinoma; Multiparametric magnetic resonance imaging;
Focused ultrasound
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Core tip: In a genetic model of pancreatic ductal adenocarcinoma, clinically translatable,
quantitative magnetic resonance imaging methods of T2, glycosaminoglycan chemical
exchange saturation transfer, and apparent diffusion coefficient mapping were effective
in non-invasively characterizing the treatment effects of pulsed focused ultrasound
treatment. Pulsed focused ultrasound treatment has already been shown to improve
survival for patients with pancreatic ductal adenocarcinoma in an early clinical trial, and
these complimentary magnetic resonance imaging methods could help to advance this
promising therapy in larger clinical trials.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer-related deaths in the United
States[1]. Pancreatic ductal adenocarcinomas (PDAs) have a robust fibroinflammatory
stroma and a dense extracellular matrix that accumulates water molecules in a poorly
mobile, gel-fluid phase[2]. In combination, these features result in a high interstitial
fluid  pressure  (IFP;  approximately  99  mmHg  vs  10.4  in  normal  pancreas)  that
collapses  tumor  vasculature  and  impedes  therapeutic  drug  delivery [ 2 - 4 ] .
Glycosaminoglycans produced by PDA tumor cells are often present at exceedingly
high concentrations in the tumor interstitium, and their presence correlates with high
IFP. In a genetic mouse model of PDA, pulsed focused ultrasound (pFUS) therapy has
disrupted the tumor stroma and improved delivery of chemotherapy to the tumor[4,5].
A recent phase 1 clinical trial of pFUS therapy in combination with chemotherapy
doubled median overall survival in patients with inoperable PDA vs chemotherapy
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alone[6].  In  clinical  trials  and in  clinical  practice,  both the time and invasiveness
required to assess treatment efficacy are critical considerations for the majority of
patients with PDA who have rapidly progressive, non-surgical disease in a highly
sensitive anatomic area. Quantitative magnetic resonance imaging (MRI) assessments
at 14 tesla (T) have previously been shown to correlate well with the degree of PDA
fibrosis  in  preclinical  models[7].  In  this  study,  our objective was to  identify non-
invasive MRI methods that can be used to assess pFUS treatment effects for PDA,
based on data derived from three murine models of PDA, including a genetic model.
These methods have translational relevance to future, larger clinical trials that might
help to advance pFUS therapy as a valuable supplement to traditional treatment
modalities for patients with PDA.

MATERIALS AND METHODS

Animal models
All  animal  studies  were  approved  by  the  Institutional  Animal  Care  and  Use
Committee of the University of Washington. The animal protocol was designed to
minimize pain or discomfort to the animals included in our study. Subcutaneous,
orthotopic, and genetic murine models of PDA were employed. We used the KrasLSL-
G12D/+,  Trp53LSL-R172H/+,  Cre (KPC) genetic PDA mouse model[8].  KPC animals
conditionally  express  endogenous  mutant  Kras  and  point  mutant  Trp53  alleles,
spontaneously develop PDA, and closely mimic the pathophysiology and molecular
progression of the human disease[8]. All mice were housed in an specific pathogen
free, controlled environment (14 h/10 h light/dark cycle, 73.5 ± 5 °F) with ad libitum
access to tap water and chow. We used previously described methods to develop
orthotopic models[7,9]. Briefly, 8-10 wk old, immunocompetent mixed 129/SvJae/C57Bl/6
mice were anesthetized and, following sterile preparation, a 2 cm incision was made
along the left flank to access the tail of the pancreas. One million cells derived from
KPC liver metastases, suspended in 50 microliters of Matrigel (Corning Incorporated),
were injected into the pancreatic tail. The incision was sutured closed and the animal
was recovered. For subcutaneous models, the same cell suspension was injected at the
left flank, near the hindlimb. At 12-14 wk old, all animal models underwent weekly
tumor burden monitoring with direct  palpation and diagnostic  ultrasound (US).
Animals were enrolled in the study when their primary tumor mass was ≥ 5 mm in
greatest diameter. Six KPC animals, 6 orthotopic model animals, and 6 subcutaneous
model animals were enrolled and underwent the MRI and pFUS treatment protocols.
Between 3 and 5 additional animals for each tumor model underwent the same MRI
protocol,  but  with  sham  treatment.  The  size  of  each  experimental  group  was
previously approved by the National Institutes of Health funding agency, based on
result from prior similarly designed studies, to ensure reasonable ability to detect any
meaningful data trends in this early phase research.

MRI protocol
Our group has previously used quantitative MRI methods at 14T magnet strength to
characterize  both  untreated PDA tumors  in  subcutaneous,  orthotopic,  and KPC
models, as well as enzymatically treated PDA tumors in KPC models[7,10].  Similar
quantitative methods were employed in the current study for in-vivo assessments on
a  14T  Avance  600  MHz/89  mm  wide-bore  vertical  MR  spectrometer  with  a
microimaging accessory (Bruker BioSpin corp., Bellerica, MA, United States) using a
1H  radiofrequency  birdcage  coil  and  coil  holder  with  25  mm  inner  diameter.
Quantitative MRI parameter acquisition methods are detailed in Table 1. The water
saturation shift referencing approach to chemical exchange saturation transfer (CEST)
imaging has also been used by other laboratories at 3-9.4 T magnet strength for pre-
clinical  applications,  including  murine  tumor  model  imaging,  with  reliable
quantitative results[11-13].

As previously described, animals were anesthetized, lubricant was applied to their
eyes, they were placed into a radiofrequency coil and secure custom cradle that was
inserted vertically into the thermally-regulated (32 °C) magnet bore[7]. An adjustable
isoflurane  gas/vacuum  system  was  used  to  maintain  appropriate  sedation
throughout  the  experiments.  The  animals’  respiratory  rates  were  monitored
continuously  for  the  approximately  60  min scan time via  abdominal  sensor  (SA
Instruments Inc., Stony Brook, NY). A baseline MRI assessment was performed for
each animal within 1.5 wk of enrollment and 48 h prior to pFUS or sham therapy.
Immediately post-therapy, animals underwent a follow-up MRI assessment. Animals
were sacrificed for histochemical analysis after being removed from the scanner at the
conclusion of the follow-up MRI.
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Table 1  14T magnetic resonance imaging parameter acquisition methods

Method Sequence type TR/TE (ms) Comments

T1 RARE 5500, 3000, 1500, 1000, 385.8/9.66 NA = 1; FOV = 30 mm × 30 mm; rare
factor = 2, matrix size = 256 × 128
(reconstructed phase encoding steps
= 128; acquisition phase encoding
steps = 96); yielding spatial
resolution of 0.117 × 0.234 mm/pixel.
Approximately 9 min acquisition
time.

T2 MSME, fat suppressed 4000/twelve echoes equally spaced
from 6.28 to 75.4

NA = 1; FOV = 30 mm × 30 mm;
matrix size = 256 × 128 (reconstructed
phase encoding steps = 128;
acquisition phase encoding steps =
91); spatial resolution of 0.117 × 0.234
mm/pixel. 10 contiguous slices were
acquired with respiration gating to
cover the entire abdomen.
Approximately 6 min acquisition
time.

ADC EPI 2500/17.7 Echo train length = 16; Pulse duration
= 3.0 ms; Diffusion time = 7.46 ms;
NA = 1; FOV = 30 × 30 mm2; matrix
size = 128 × 128; spatial resolution of
0.234 × 0.234 mm/pixel; 8 b values (7,
47, 81, 126, 180, 234, 340, 549) s/mm2.
10 contiguous slices were acquired to
cover the entire abdomen.
Approximately 2 min 40 s acquisition
time.

CEST (1) RARE (1) 2200 / 7 (1) Center frequency estimate:
Continuous-wave block saturation
pulse with B1 = 3 μT and duration =
1 s; 25 frequency offsets from -360 Hz
to 360 Hz with an interval of 0.5 ppm
(WASSR approach). FOV = 30 mm x
30 mm; Matrix size = 128 x 128; Flip
angle = 180o; NA = 1. A single, 1 mm
slice delineating the tumor was
acquired.

(2) RARE (2) 5000 / 7 (2) Frequency shift saturation: 14
frequency offsets at ± 0.5, ± 1.0. ± 1.5,
± 2.0, ± 2.5, ± 3.0, ± 3.5 ppm were
acquired through the same single
slice using respiration gating with an
off-resonance radiofrequency pulse
applied for 1 s at a power of 3 μT.
Matrix = 128 × 128 (reconstructed
phase encoding steps = 128;
acquisition phase encoding steps =
96); FOV = 30 mm × 30 mm; rare
factor = 8.

(3) RARE (3) 5000 / 7 (3) Control image: A control image
was acquired through the same slice
using the same settings as #2, except
with saturation offset at 300 ppm.
Approximately 30 min total
acquisition time.

MTR GRE 625 / 2 Flip angle = 30°; off-resonance
frequency 7000 Hz; saturation pulse
block pulse shape = 50 ms width and
10 µT amplitude; FOV = 30 mm × 30
mm; matrix size = 256 × 256; spatial
resolution of 0.117 x 0.117 mm/pixel.
10 contiguous images were acquired
to cover the entire abdomen.
Approximately 3 min acquisition
time.

ADC: Apparent diffusion coefficient; CEST: Chemical exchange saturation transfer; MTR: Magnetization transfer ratio.
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MRI quantitative map creation and data analysis
Raw MR images were processed for map creation using Image-J software (Rasband,
W.S.,  ImageJ,  United  States  National  Institutes  of  Health,  Bethesda,  ML,
http://imagej.nih.gov/ij, 1997-2012)[14]. T1 and T2 relaxation maps were generated
from T1 and T2 weighted images. Apparent diffusion coefficient (ADC) maps were
generated using a mono-exponential model: Sb/S0 = exp(-b∙ADC). Sb represents the
MRI signal intensity with diffusion weighting b and S0 represents the non-diffusion-
weighted signal intensity. A bi-exponential model was also used to estimate intra
voxel incoherent motion (IVIM) related parameters of perfusion fraction (or pseudo-
diffusion) and diffusion[15]. The 3 lowest b values (7, 47, and 81 s/mm2) were used to
calculate perfusion / pseudo-diffusion component,  and the remaining higher 5 b
values (126, 180, 234, 340, 549 s/mm2) were used to calculate the tissue diffusivity
parameter.  Magnetization  transfer  ratio  (MTR)  maps  were  generated  using:
(SI0–SIs)/SI0, where SI0 represents the tissue signal intensity prior to application of
the  saturation  pulse,  and  SIs  represents  the  tissue  signal  intensity  during  the
saturation pulse application. CEST maps were generated for the amide proton using:
[Ssat  (-3.5  ppm)  -  Ssat  (3.5  ppm)]/S0,  where  S0  and  Ssat  are  the  water  signal
intensities measured prior to the saturation pulse, and during the water saturation
pulse,  respectively.  For the glycosaminoglycan spectrum (gagCEST),  maps were
generated using a similar calculation for the 0.5, 1.0 and 1.5 ppm frequency shifts.
Summative saturation sampled at these shifts has previously been validated in human
cartilage for quantification of glycosaminoglycans[16],  and is representative of the
spectral signal observed in prior 7T MRI studies of glycosaminoglycan phantoms[17],
as well as our own phantom studies at 14T[10]. Ultimately, CEST measurements were
not performed in the subcutaneous mice due to the difficulty in properly performing
the shimming process for these animals. A susceptibility change near the interface
between a subcutaneous tumor and air  often precluded adequate shimming and
tumor signal suppression.

pFUS treatment protocol and cavitation quantitation
Animals were anesthetized and the abdomen was shaved, depilated, and wiped with
isopropyl alcohol to decrease risk of cavitation at the skin surface. Animals were then
mounted to a custom holder capable of 3 dimensional movement for positioning
during treatment, and partially submerged in a 37 °C, transparent water tank, where
respiratory rate could be constantly visually monitored during continuous anesthesia
throughout the experiment. pFUS treatments were performed under US guidance
with an Alpinion VIFU 2000 small animal system. A 1.5 MHz focused US transducer
with a 64 mm aperture and 45 mm radius of curvature was mounted to the side of the
water tank[18].  A miniature flat passive cavitation detector (Panametrics XMS-310;
Olympus, Waltham, Mass) was positioned at the side of the transducer and aligned to
detect broadband emissions from inertially collapsing bubbles in the focal area during
each FUS pulse.  The passive cavitation detector was 3 mm in aperture,  with the
frequency band of 6.3-14.2 MHz at a 6-dB level. The signals received by the passive
cavitation detector were amplified by 20 dB (Panametrics PR5072; Olympus) and
recorded by using a digital oscilloscope[19]. The US imaging probe employed a C4-12
phased array, with center frequency 7 MHz (Alpinion Medical Systems). The tumor
was identified as a predominantly hypoechoic mass, typically in the epigastrium or
along the left paracolic gutter adjacent to the spleen. Assessment was made for an
appropriate acoustic treatment window that was free of intervening loops of bowel or
significant  vasculature.  For  the  KPC  animal  cohort,  whose  tumors  were  less
commonly superficial,  the presence of  an appropriate treatment window always
determined whether the animal  would receive pFUS vs  sham treatment.  For the
orthotopic and subcutaneous model cohorts, receipt of sham vs pFUS treatment was
randomized.

Exposure parameters were: Peak electric power 475 watts, pulse duration 1 ms,
pulse repetition frequency 1 Hz, duty cycle 0.1%. The focal spot was raster-scanned
throughout the acoustically accessible volume of the tumor with a step size of 1 mm,
and 60 pulses were delivered at each focal spot. These parameters were previously
shown to enhance tumor permeability to chemotherapeutics[4]. Cavitation activity was
quantitated based on broadband noise emission as previously described[18].  Sham
treatment animals remained submerged in the water tank under anesthesia for the
same duration of time required to deliver the pFUS therapy, but did not receive the
therapy. At the completion of the pFUS or sham treatment session (approximately 20
min duration), while maintaining anesthesia, animals were removed from the water
tank, dried, and placed on a warming pad for transport to the adjacent MRI suite and
follow-up imaging. At the end of the study, the animals were immediately euthanized
according to approved procedures for the collection of biological samples.
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Histology and biochemistry
Tumors were excised and embedded in an optimum cutting temperature medium.
Three serial 5 micrometer sections were cut every 1 mm through the entire tumor
(CM1950, Leica, Bannockburn, IL, United States). Tissue between the section steps
was collected for biochemical analysis. Samples taken for biochemical analysis were
evaluated for  sulfated glycosaminoglycans  (sGAG) and hyaluronan (HA)  using
commercial  assays (Blyscan™ for sGAG and Purple-Jelley for HA, Biocolor Ltd.,
United Kingdom).

Tissue  sections  were  stained  with  Hematoxylin  and  Eosin  (H&E),  Masson’s
trichrome for  connective tissue and for  HA using a  HA binding protein (HABP,
Millipore Sigma, Burlington, MA, United States). Sections were examined using a
Nikon Eclipse 80i light microscope (Nikon, Melville, NY, United States) and whole
slide images were captured for image analysis with a 10 × objective lens using the
same settings for each type of stain. Fibrotic tissue, identified by blue staining in the
Masson’s  trichrome  stained  sections  was  quantified  using  methods  described
previously. For quantification of the HABP stained sections, a random grid of circular
regions of interest (ROIs) were placed on each slide. Two random numbers were
generated with the first number designating the offset ROI and the second number
indicating the sampling number for the ROI selection resulting in several ROIs being
evaluated per section. New random numbers were generated for each section. For
each ROI selected, the mean intensity was measured ImageJ (ImageJ 1.42 National
Institutes of Health, Bethesda, MD, United States). Data was separated into three
groups: background (no tissue), non-treated tumor tissue, and FUS treated tissue. FUS
treated tissue was identified and confirmed by looking at H&E stained serial sections.

Statistical analysis
For all quantitative maps, the whole tumor that was visible on each analyzed slice was
selected  as  the  ROI,  and mean quantitative  values  were  recorded for  each  slice
analyzed. On T1, T2, MTR, and ADC maps, this involved selection of 3 separate slices
that included the tumor, and the area of the tumor that was ultimately treated for
animals who underwent pFUS therapy, on both baseline and follow up MRI exams.
The  average  of  the  3  values  generated  from these  slices  was  used  as  the  single
parameter value for the corresponding animal at each point in time. Since CEST maps
were only generated for a single slice through the tumor, only 1 whole tumor ROI was
used  to  estimate  this  parameter  at  each  point  in  time  for  the  primary  analysis
comparing pre and post-treatment maps. A secondary analysis of the gagCEST maps
using only the follow-up MRI examination maps was performed for the KPC cohort.
This secondary analysis method also closely mirrored our histochemical analysis,
which was limited to the follow-up time point. In the secondary MRI analysis, an ROI
was drawn to select the treated region of the tumor, and a second ROI was drawn to
select an untreated region for comparison. For the histological samples, the mean
intensities from the treated and untreated ROIs of each tumor were calculated for
comparison.

Paired t-tests were performed using Microsoft  Excel  software (Redmond, WA,
United States) to compare baseline and follow-up whole-tumor ROI quantitations and
to compare treated-tumor vs untreated-tumor ROIs. Unpaired t-tests were performed
to compare treated and sham treated mice. Statistical significance was assigned to P
values less than 0.05. To compare gagCEST values obtained from CEST maps to sGAG
values  obtained  from  biochemical  analysis,  the  correlation  coefficient  (r)  was
determined using Pearson correlation analysis using StatPlus software (AnalystSoft
Inc. Walnut, CA, United States) in Microsoft Excel. Statistical review of the study was
performed by a biomedical statistician employed at the University of Washington.

RESULTS
At enrollment into the study the animals had a good body condition score with an
average age (± SD) and weight (± SD) of 179 ± 35 d and 26.3 ± 2.8 g respectively.
Cavitation activity was achieved in all three murine PDA models and all acquired
data from all animals in each group were included in the analysis, with the exception
of erroneous amide CEST data from 2 pFUS treated KPC animals and all CEST data
from 1 pFUS treated orthotopic animal. No adverse events, such as skin burns or
unexpected morbidity/mortality, were observed. Quantitative MRI map analysis
results from the pFUS treated animal cohorts are presented in Table 2. Following
pFUS treatment (Figure 1), mean high-b value ADC values increased significantly for
all animal models, and this increase was most pronounced in the KPC model (Figure
2A and B). Mean gagCEST and T2 values decreased significantly post-treatment only
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for the KPC group (Figure 2C and D). Mean MTR and amide CEST values increased
significantly  for  the  KPC  group.  Treated  areas  demonstrated  predominantly
isointense signal  on proton density weighted images,  in some instances with an
associated peripheral ring of hypointense signal (Figure 1C and F). Overall, there was
no significant difference in mean tumor T1 relaxation time values. Parameters tested
were otherwise not significantly changed post-pFUS treatment in all three murine
PDA models. There were no significant differences in any parameters tested for the
sham group animals. There was greater variability within these paired data groups,
likely related to their smaller group size, but on review of individual parameter data
obtained from each sham animal, no consistent trends were evident between the two
timepoints.

There was no statistical difference in HA or sGAG concentration between KPC or
orthotopic mice. HA and sGAG mean tissue concentrations were found to be lower in
all of the pFUS-treated animals vs sham-treatment controls, but these differences were
not statistically significant (Figure 3A). The evaluation of the regional concentrations
of HA using HABP, showed that the treated regions had significantly lower mean HA
labelling intensity in the treated regions compared to the non-treated regions for all
animal models (Figure 3B and C). The HA intensities were similar for the KPC and
orthotopic mice and lower for  the subcutaneous mice (Figure 3B).  There was no
statistical difference in the mean collagen concentration in the treated region vs the
non-treated regions or the sham treated mice.

There  was  a  strong  positive  correlation  between  the  HA  concentrations  (as
determined by the biochemical assay) and the gagCEST measurements (Figure 4) for
the  orthotopic  (correlation  coefficients:  0.72  treated;  0.74  sham)  and  KPC  mice
(correlation coefficient: 0.60 treated). There were not enough values to evaluate any
correlation for the sham treated KPC mice.

DISCUSSION

T1, MTR and amide CEST
Variable changes in T1 relaxation, and significantly increased MTR and amide CEST
signals  post-pFUS-treatment  most  likely  represent  sequelae  of  hyperacute
hemorrhage  from  microcapillary  vessels.  T1  weighted  images  combined  with
susceptibility weighted images (SWI) are standard of care for hemorrhage detection
and  characterization.  At  the  hyperacute  time  point,  T1  weighted  images  of
hemorrhage are typically isointense, and thus would contribute a variable amount of
signal to the values generated, as we observed. Amide proton imaging has recently
been shown to be even more sensitive and specific for detection and characterization
of intracranial hemorrhage than SWI, including at the hyperacute timepoint[20]. Since
the broad spectrum of the MTR asymmetry signal includes the region of the amide
proton  at  3.5  ppm,  the  increased values  from both  of  these  maps  would  not  be
surprising in the context of acute hemorrhage.

There are additional factors that also might contribute,  in part,  to these signal
changes.  Tumor metabolites  such as glucose (3.83 ppm),  taurine (3.27 ppm) and
ethanolamine (3.13 ppm) are known to be upregulated in PDA, and these could
potentially also contribute signal near the amide proton 3.5 ppm frequency shift[21].
However, given the short amount of time that elapsed between pFUS treatment and
post-treatment MRI characterization (approximately 15 min), a significant change in
the concentration of these metabolites is unlikely. MTR values have also previously
been shown to have a positive correlation with the degree of fibrosis in murine PDA
tumor models[7,22]. Since the pFUS protocol we employed for our treatments is known
to disrupt the collagenous tumor stroma[4], as was observed on Masson’s trichrome
stains in our study, the signal increase observed on MTR maps post-pFUS is unlikely
to  be  representative  of  this  change.  Rather,  the  signal  likely  derived  from
microcapillary hemorrhage at the amide proton portion of the MTR spectrum appears
to have dominated MTR values at this time point.

gagCEST, T2 and ADC
Significant decreases in gagCEST and T2 relaxation may represent disruption of
glycosaminoglycans within the tumor stroma and associated liberation of complexed
water molecules from the gel-fluid phase. This, in combination with disruption of the
collagenous  matrix,  could  lead  to  decreased  intra-tumoral  IFP  and  increased
diffusivity within the tumor microenvironment[2]. This theory is supported by our
quantitative immunohistochemistry results – demonstrating a trend of lower HA and
sGAG concentrations on average in pFUS-treated animals vs sham treated controls.
Although multiple species of sulfated (e.g., chondroitin sulfate) and unsulfated (e.g.,
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Figure 1

Figure 1  Representative images of pulsed focused ultrasound treatment and 14T magnetic resonance imaging assessment. (A) Sagittal plane line drawing
and (D) axial plane ultrasound (US) image of a pulsed focused ultrasound (pFUS) treatment. Animals were anesthetized, placed on a mobile platform, and partially
submerged in degassed water. Tumors were identified using B-mode images from a diagnostic US probe. The KPC mouse tumors generally appear as predominantly
hypoechoic masses along the distribution of the pancreas (dashed line in D; the yellow cross within marks the focus of the pFUS transducer). Axial (B and C) and
coronal (E and F) pre- and post-treatment proton density weighted anatomic images from a different KPC mouse. Dashed lines in B and E demarcate the pancreatic
tumor mass. The treated area demonstrates predominantly isointense signal (solid arrowheads in C and F), with a peripheral ring of hypointense signal (notched
arrowheads in C and F), most likely representing sequelae of hyperacute hemorrhage. pFUS: Pulsed focused ultrasound; SC: Subcutaneous; Osc: Oscilloscope;
PCD: Passive cavitation detector.

HA) glycosasminoglycans are commonly overexpressed in the PDA microenvir-
onment, the HA subtype exerts the dominant effect on IFP[2,23].  Previous phantom
imaging experiments by our group, employing a range of relevant concentrations of
both chondroitin sulfate and HA, have demonstrated that HA produces a significantly
stronger signal on gagCEST imaging at 14T compared to CS, even at 10 fold lower
concentrations (e.g.,  an area under the MTR asymmetry curve of  7.5  for  a  0.01%
aqueous  HA  resuspension,  vs  1.6  for  a  0.1%  aqueous  chondroitin  sulfate
resuspension)[10]. In addition, we have previously shown that targeted depletion of
HA via a systemic enzymatic therapy results in decreased gagCEST signal in KPC
mice[10]. These findings support the theory that the signal changes observed post-pFUS
treatment  on  the  gagCEST  sequence  are  driven  by  changes  induced  in  HA
concentrations.

There are other, less likely considerations that might explain, or at least contribute
to the observed changes in gagCEST signal. Nuclear Overhause Effects (NOE) can
spuriously contribute to CEST signal at any portion of the spectrum, and are known
to  be  more  prevalent  at  higher  magnet  strengths,  however  we  employed  high
saturation power (3.0 μT) to minimize this potential confounding influence on the
signal we obtained.

PDA  typically  demonstrates  restricted  diffusion  (at  or  below  an  arbitrary,
sometimes  clinically  used  ADC  threshold  of  1  ×  10-3  mm2/s),  and  this  is  most
consistently demonstrated clinically with b values between 500 and 1000[24].  The
degree  of  restriction  has  been  inconsistently  correlated  with  fibrotic  content,
histopathologic grade, and tumor stage[24]. The degree of restriction may correlate with
greater HA content in PDA tumors, given the known positive correlation between HA
content and IFP in these tumors[2].  We did not detect  such a correlation between
whole-tumor HA content and ADC values in the animals we studied. However, there
was small variability in the whole-tumor HA content of the animals included in our
study, and this limited our ability to detect such a correlation. The limited variability
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Table 2  Magnetic resonance imaging quantitative map results pre and post focused ultrasound treatment for three mouse models of
pancreatic ductal adenocarcinoma

Pre-pFUS Post-pFUS Difference P value

High-b ADC (10-3 mm2/s)

KPC 1.0 ± 0.33 (n = 6) 3.32 ± 0.61 (n = 6) 2.32 ± 0.60 0.01

Ortho 0.72 ± 0.07 (n = 6) 1.15 ± 0.15 (n = 6) 0.43 ± 0.13 0.02

SC 0.97 ± 0.21 (n = 6) 1.80 ± 0.14 (n = 6) 0.83 ± 0.27 0.03

GagCEST (%)

KPC1 25.89 ± 3.10 (n = 6) 10.61 ± 3.09 (n = 6) -15.28 ± 2.67 2.2 × 10-3

Ortho 20.83 ± 4.02 (n = 5) 20.04 ± 5.34 (n = 5) -0.79 ± 6.41 0.91

Amide CEST (%)

KPC 10.37 ± 2.76 (n = 4) 24.89 ± 5.17 (n = 4) 14.52 ± 2.89 0.01

Ortho 4.11 ± 1.25(n = 5) 4.79 ± 1.64 (n = 5) 0.68 ± 1.99 0.29

MTR (%)

KPC 38.15 ± 4.17 (n = 6) 59.80 ± 1.46 (n = 6) 21.65 ± 2.96 7.5 × 10-4

Ortho 53.92 ± 7.20 (n = 6) 60.91 ± 3.39 (n = 6) 6.99 ± 6.33 0.32

SC 58.1 ± 7.01 (n = 6) 60.50 ± 7.85 (n = 6) 2.40 ± 7.22 0.75

T2 (ms)

KPC 39.38 ± 2.32 (n = 6) 34.41 ± 1.93 (n = 6) -4.97 ± 1.37 0.02

Ortho 32.74 ± 1.12 (n = 6) 31.91 ± 0.89 (n = 6) -0.83 ± 1.54 0.62

SC 44.52 ± 8.97 (n = 6) 32.77 ± 1.67 (n = 6) -11.75 ± 10.08 0.30

T1 (ms)

KPC 986.95 ± 236.99 (n = 6) 847.69 ± 255.94 (n = 6) -139.26 ± 314.92 0.68

Ortho 453.62 ± 116.72 (n = 6) 618.10 ± 183.85 (n = 6) 164.48 ± 194.29 0.44

SC 508.82 ± 192.64 (n = 6) 1032.44 ± 293.46 (n = 6) 523.62 ± 255.40 0.10

Pre and post treatment quantitative values are presented as mean ± SE from the mean. Paired t-tests were used to generate P-values, and values < 0.05,
considered significant, are in bold.
1Post-hoc secondary analysis, performed to compare the pre and post-treatment KPC groups with gagCEST maps, that employed within-tumor regions of
interest (ROIs) rather than whole tumor ROIs, as detailed in the text, generated mean gagCEST values (%) of 25.20 ± 4.63 pre-treatment vs 7.71 ± 2.22 post-
treatment, for a difference of -17.49 ± 3.07, P = 6.7 x 10-3. pFUS: Pulsed focused ultrasound treatment; ADC: Apparent diffusion coefficient; KPC: Genetic
mouse model; Ortho: Orthotopic; SC: Subcutaneous; gagCEST: Glycosaminoglycan chemical exchange saturation transfer; MTR: Magnetization transfer
ratio.

in whole-tumor HA content in our animal cohort is likely explained by two factors: (1)
We recruited animals into the study when their tumors reached a similar size, and
tumor HA content has been shown in a recent clinical series to correlate with tumor
size[25];  and (2) For animals undergoing pFUS treatment, the area of treatment, as
judged by changes evident on whole-tumor immunohistochemistry slides, involved
less than approximately 20% of the overall tumor volume.

It is interesting that a statistically significant decrease in gagCEST and T2 values
was only observed in the KPC animal cohort. The gagCEST values correlated well
with the total HA concentration in the treated KPC mice and both the treated and
sham treated orthotopic mice. When looking at the localized concentrations of HA in
the  treated  tumors,  there  was  a  significant  decrease  in  HA  in  the  treated  area
compared to the surrounding non-treated area. The decrease in HA could potentially
result in a decrease in IFP in these regions given the positive correlation between the
two[2]. However, this would need to be confirmed experimentally.

Limitations
Limitations of this study include the fact that the whole tumor was selected as the ROI
for the primary a priori MR analysis plan. In the treated animals this combined the
signal coming from the treated and non-treated regions of the tumor, and decreased
our  sensitivity  for  detecting  significant  treatment  effects  on  tumor  signal.  This
approach was chosen due to the difficulty in determining the precise treatment effect
margins  on MRI for  every tumor treated on any given sequence,  which we had
encountered in prior experiments with this tumor model. While the general area of
treatment could in all cases be identified by correlation between US treatment images
and variable changes on T1 and T2 anatomic imaging during MRI scanning, treatment
signal  effect  margins were often ill-defined.  Non-standardized,  potentially error
prone ROI selection in the area of treatment signal changes would have introduced
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Figure 2

Figure 2  14T magnetic resonance imaging parameter changes due to pulsed focused ultrasound treatments.
A: There was significant increase in mean apparent diffusion coefficient (ADC) quantitation for all three murine
pancreatic ductal adenocarcinoma models (n = 6 in each group). The horizontal dotted line at ADC = 1 demarcates a
frequently used clinical threshold for “restricted” diffusion; B: Cavitation was successfully achieved in all treated
animals. On average, cavitation activity tended to be lower in the KPC animals, yet the absolute increase in ADC
values for these animals was significantly higher than the other two models post-pulsed focused ultrasound (pFUS)
treatment; C and D: GagCEST (C) and T2 (D) quantifications in KPC animals revealed significant decrease in mean
values (solid horizontal lines) post-pFUS treatment (n = 6). There was no significant change in these parameters in
the other tumor models. aP < 0.05; bP < 0.01. ADC: Apparent diffusion coefficient; pFUS: Pulsed focused ultrasound;
Ortho: Orthotopic; KPC: Genetic mouse model; SC: Subcutaneous.

too great a risk of excluding meaningful data and including irrelevant data in the
primary analysis for our relatively small cohort. Whole tumor ROI selection allowed
for standard, reliable methodology across all tumor models. Nonetheless, we chose to
perform one post-hoc secondary analysis attempting within-tumor ROI selections for
the gagCEST sequence in the KPC animals. This was done to compare background
tumor vs the treated area at a single time point immediately post treatment, to most
closely mimic our histologic within-tumor gag quantitative methods. The result of this
secondary analysis was consistent with the whole-tumor ROI analysis that compared
data from two separate time-points (pre-treatment vs immediately post-treatment) –
both demonstrated a significant reduction in gagCEST post pFUS treatment.

Subject  motion  and  bowel  peristalsis  /  motion  within  the  abdomen  are  also
inherent limitations of abdominal MRI examinations, and are particularly challenging
in small animal models such as ours. Although we attempted to mitigate this effect by
continuously monitoring subject respiratory rate throughout image acquisition and
use of respiratory gating within sequence protocols, some signal degradation was still
observed on longer sequence acquisitions.  This  was most  commonly seen in the
highest b value subcomponents of the ADC maps, and likely explains the observed
range of ADC quantitations that at  times reach supra-physiologic values.  Future
studies in larger animal models, or as part of human trials, might achieve larger or
more significant differences in the measurements evaluated by employing protocol
design to mitigate these effects. In addition, we only evaluated a single time point,
immediately post-therapy, to optimize our correlation with histopathologic results.
Further study of T2, gagCEST and ADC at additional post-treatment time points in

WJG https://www.wjgnet.com March 7, 2020 Volume 26 Issue 9

Maloney E et al. MRI for ultrasound treatment pancreatic cancer

913



Figure 3

Figure 3  Histochemical and biochemical parameter changes due to pulsed focused ultrasound treatments. A: Hyaluronic acid (HA) and sulfated
glycosaminoglycan concentrations in treated and sham treated KPC and orthotopic mice; B: HA intensities in treated and non-treated regions of the tumor in KPC,
orthotopic, and subcutaneous models; C: Representative histological image of HA binding protein stained section for a KPC mouse. The treated region is outline by a
dashed line. KPC: Genetic mouse model; Ortho: Orthotopic; HA: Hyaluronic acid.

survival studies would help to determine the optimal interval for post-treatment
imaging and further elucidate the prognostic value of our results.

Conclusions
The use  of  a  non-invasive  technique  such as  MRI  could  be  a  useful  tool  for  the
evaluation of therapies used to treat PDA. It is likely that several different sequences
would be needed to provide information on the microenvironment of the tumor.
From this study, T2 relaxation, gagCEST, and ADC values have been identified to be
part  of  the  portfolio  of  scans  which  may  provide  reliable  quantitation  of  pFUS
treatment effects for patients with PDA.
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Figure 4

Figure 4  Total hyaluronic acid concentration compared to glycosaminoglycan chemical exchange saturation transfer for treated and sham treated
(control) KPC and orthotopic mice. Regression lines for each animal model and condition demonstrate strong positive correlation between the hyaluronic acid
concentrations as determined by the biochemical assay and glycosaminoglycan chemical exchange saturation transfer measurements. HA: Hyaluronic acid; CEST:
Chemical exchange saturation transfer.

ARTICLE HIGHLIGHTS
Research background
The robust fibroinflammatory stroma characteristic of pancreatic ductal adenocarcinoma (PDA)
impedes effective drug delivery. Pulsed focused ultrasound (pFUS) can disrupt this stroma and
has improved survival in an early clinical trial. Non-invasive methods to characterize pFUS
treatment effects are desirable for advancement of this promising treatment modality in larger
clinical trials.

Research motivation
In this study, our objective was to identify non-invasive MRI methods that can be used to assess
pFUS treatment effects for PDA, based on data derived from three murine models of PDA,
including a genetic model. These methods have translational relevance to future, larger clinical
trials that might help to advance pFUS therapy as a valuable supplement to traditional treatment
modalities for patients with PDA.

Research objectives
Our primary objective was to identify promising, non-invasive pre-clinical imaging methods to
characterize acute pFUS treatment effects for in vivo models of PDA. Robust pre-clinical data
such as this builds critical foundation to facilitate efficient clinical trials. Knowledge of reliable
methods to characterize the acute phase of treatment also helps to inform selection of methods to
characterize long-term treatment follow up assessments in future studies.

Research methods
We utilized quantitative MRI methods at 14 tesla in three mouse models of PDA (subcutaneous,
orthotopic  and  transgenic  -  KrasLSL-G12D/+,  Trp53LSL-R172H/+,  Cre  or  “KPC”)  to  assess
immediate tumor response to pFUS treatment (VIFU 2000 Alpinion Medical Systems; 475 W
peak electric power, 1 millisecond pulse duration, 1 Hz, duty cycle 0.1%) vs sham therapy, and
correlated  our  results  with  histochemical  data.  These  pFUS  treatment  parameters  were
previously shown to enhance tumor permeability to chemotherapeutics. T1 and T2 relaxation
maps, high (126, 180, 234, 340, 549) vs low (7, 47, 81) b-value apparent diffusion coefficient (ADC)
maps, magnetization transfer ratio (MTR) maps, and chemical exchange saturation transfer
(CEST)  maps  for  the  amide  proton  spectrum  (3.5  parts  per  million  or  “ppm”)  and  the
glycosaminoglycan spectrum (0.5-1.5 ppm) were generated and analyzed pre-treatment, and
immediately post-treatment, using ImageJ. Animals were sacrificed immediately following post-
treatment imaging. The whole-tumor was selected as the region of interest for data analysis and
subsequent statistical analysis. T-tests and Pearson correlation were used for statistical inference.

Research results
Mean high-b  value ADC measurements increased significantly with pFUS treatment for all
models. Mean glycosaminoglycan CEST and T2 measurements decreased significantly post-
treatment for the KPC group. Mean MTR and amide CEST values increased significantly for the
KPC group. Hyaluronic acid focal intensities in the treated regions were significantly lower
following pFUS treatment for all animal models. The MRI changes observed acutely following
pFUS therapy likely reflect: (1) Sequelae of variable degrees of microcapillary hemorrhage (T1,
MTR and amide CEST); (2) Lower PDA glycosaminoglycan content and associated water content
(glycosaminoglycan CEST, T2 and hyaluronic acid focal intensity); and (3) Improved tumor
diffusivity (ADC) post pFUS treatment.

Research conclusions
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T2, glycosaminoglycan CEST, and ADC maps proved to be reliable means of quantifying pFUS
treatment effects in murine models of PDA, and may provide reliable, non-invasive quantitation
of acute pFUS treatment effects for patients with PDA in future clinical trials.

Research perspectives
We have identified specific MRI methods as reliable non-invasive means of quantitating acute
pFUS treatment effects for murine models of PDA. Future studies of long-term post-treatment
disease burden may also benefit from employing the methods we describe. Clinical trials of
pFUS therapy for PDA will be more easily accomplished if similar non-invasive methods of
tracking immediate treatment endpoints can replace potentially morbid biopsies of this highly
sensitive anatomic area. pFUS therapy may also be more efficacious for certain subpopulations
of patients with PDA, and the methods we describe may help to non-invasively select enriched
patient populations that will derive the greatest benefit from pFUS treatments in future studies.
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Abstract
BACKGROUND
Inflammatory bowel disease, such as Crohn’s disease and ulcerative colitis, is
characterized by chronic intestinal inflammation leading to intestinal mucosal
damage. Inflammatory bowel disease causes dysregulation of mucosal T cell
responses, especially the responses of CD4+ T cells. Previously, we demonstrated
that indoleamine-2,3-dioxygenase plays an immunosuppressive role in 2,4,6-
trinitrobenzene sulfate (TNBS)-induced colitis. Although indoleamine-2,3-
dioxygenase exerts immunosuppressive effects by altering the local concentration
of tryptophan (Trp) and immunomodulatory Trp metabolites, the specific
changes in immune regulation during colitis caused by Trp metabolites and its
related enzymes remain unclear.

AIM
To investigate role of kynurenine 3-monooxygenase (KMO) in TNBS-induced
colitis and involvement of Trp metabolites in maintenance of intestinal
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homeostasis.

METHODS
Colitis was induced in eight-week-old male KMO+/+ or KMO−/− mice of
C57BL/6N background using TNBS. Three days later, the colon was used for
hematoxylin-eosin staining for histological grading, immunohistochemical or
immunofluorescence staining for KMO, cytokines, and immune cells.
Inflammatory and anti-inflammatory cytokines were measured using
quantitative RT-PCR, and kynurenine (Kyn) pathway metabolites were measured
by high-performance liquid chromatography. The cell proportions of colonic
lamina propria and mesenteric lymph nodes were analyzed by flow cytometry.

RESULTS
KMO expression levels in the colonic mononuclear phagocytes, including
dendritic cells and macrophages increased upon TNBS induction. Notably, KMO
deficiency reduced TNBS-induced colitis, resulting in an increased frequency of
Foxp3+ regulatory T cells and increased mRNA and protein levels of anti-
inflammatory cytokines, including transforming growth factor-β and interleukin-
10.

CONCLUSION
Absence of KMO reduced TNBS-induced colitis via generation of Foxp3+

regulatory T cells by producing Kyn. Thus, Kyn may play a therapeutic role in
colon protection during colitis.

Key words: Kynurenine 3-monooxygenase; Kynurenine; Regulatory T cell; Inflammatory
bowie diseases

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The role of kynurenine 3-monooxygenase (KMO) in immune regulation was
examined in KMO gene deficient mice suffering from 2,4,6-trinitrobenzene sulfate-
induced colitis. We demonstrated that the expression of transforming growth factor-β
and interleukin-10 in the colon of these mice was upregulated by KMO inhibition and
kynurenine administration, resulting in increased incidence of regulatory T cells in the
inflammatory site, where they suppress progression to colitis. Thus, administration of
kynurenine plays a critical role in host protection during 2,4,6-trinitrobenzene sulfate-
induced colitis.

Citation: Tashita C, Hoshi M, Hirata A, Nakamoto K, Ando T, Hattori T, Yamamoto Y,
Tezuka H, Tomita H, Hara A, Saito K. Kynurenine plays an immunosuppressive role in 2,4,6-
trinitrobenzene sulfate-induced colitis in mice. World J Gastroenterol 2020; 26(9): 918-932
URL: https://www.wjgnet.com/1007-9327/full/v26/i9/918.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i9.918

INTRODUCTION
Inflammatory bowel disease (IBD), such as Crohn’s disease and ulcerative colitis, is
characterized by chronic intestinal inflammation leading to damage of the intestinal
mucosa, which may persist for a long term. Consequently, therapy corresponding to
stage and the lifestyle of the patient is important. Recent studies have suggested that
IBD causes dysregulation of mucosal T cell responses, especially those of CD4+  T
cells[1], leading to intestinal inflammation and barrier destruction[2,3]. Further, CD4+ T
helper (Th) cells, including Th1 and Th2, and regulatory T (Treg) cells regulate the
production of pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α and
interferon (IFN)-γ and anti-inflammatory cytokines, such as transforming growth
factor  (TGF)-β  and interleukin  (IL)-10  in  the  intestines[4].  Thus,  it  is  known that
dysregulation of these cytokines is an important characteristic of IBD. For example,
Crohn’s disease and ulcerative colitis are associated with inflammatory Th1- and Th2-
responses,  respectively [5].  The  regulatory  function  of  Treg  cells  on  colonic
inflammation is mainly exerted by the production of anti-inflammatory cytokines,
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such as IL-10 and TGF-β[6-8], leading to the suppression of inflammatory Th1- and Th2-
responses[9]. Importantly, the deletion of Treg cells leads to the onset of chronic T cell-
mediated  intestinal  inflammation  and worsens  acute  intestinal  inflammation[10],
suggesting  that  Treg  cells  may  be  beneficial  in  the  treatment  of  colonic
inflammation[11]. Moreover, a recent study suggested that Th17 cells play an important
role during IBD[12] by producing pro-inflammatory cytokines such as IFN-γ and IL-17.
Therefore, the immune responses in the intestine are important because the balance
between  congenital  and  secondary  responses,  and  negative  regulation,  and
impairment  of  such  balance  by  genetic  or  environmental  factors  leads  to
inflammatory  disorders  such  as  the  IBD[5,13-15].  However,  the  roles  of  the  pro-
inflammatory processes and of immune regulation during colitis still remain unclear.

We recently demonstrated that the activity of indoleamine-2,3-dioxygenase (IDO),
which catalyzes the rate-controlling step in the kynurenine pathway (KP), plays an
immunosuppressive role during colitis[16]. IDO exerts immunosuppressive effects by
reducing the local concentration of tryptophan (Trp) and increasing the production of
immunomodulatory Trp metabolites that have a variety of effects on immune cells.
For example, the Trp metabolites suppress proliferation and promote apoptosis of T
cells[17,18], and induce the differentiation of naive T cells into Treg cells. In addition,
recent studies have shown that increase in IDO concentrations in some tissues inhibits
migration of effector T cells[19]. Although regulation of KP metabolism has attracted
considerable attention as a novel target for the development of colitis therapeutics, the
immunosuppressive effects of Trp metabolites and the KP enzymes associated with
them are not fully understood.

Kynurenine-3-monooxygenase (KMO) is a key enzyme in KP, that biosynthesizes 3-
hydroxykynurenine (3-HK) from kynurenine (Kyn) with the aid of  nicotinamide
adenine dinucleotide phosphate (NADPH)[20]. KMO is predominantly localized in the
mitochondria and exhibits the highest activity in the liver, kidney, and immune cells,
especially macrophages[21]. The transcriptional expression of KMO is induced by IFN-
γ and is inhibited by IL-4[22]. Recently, we demonstrated that KMO gene deficiency in
mice  leads  to  high  levels  of  Kyn  and  low  levels  of  3-HK  in  serum  and  various
tissues[23]. Kyn is involved in arterial relaxation[24] and generation of Treg[25]. Based on
these findings, we hypothesized that increased levels of Kyn, caused by regulating
KMO, may contribute to the induction of intestinal T cells and other immune cells
during colitis.

MATERIALS AND METHODS

Animals
Eight-week-old male mice were used for this study. KMO gene deficient (KMO−/−)
mice on a C 57BL/6N background were obtained from the Knockout Mouse Project
(KOMP) repository.  Homozygous  KMO−/−  and KMO+/+  mice  were  generated by
intercrossing  heterozygous  mice  and  genotyped  using  standard  PCR-based
genotyping of  genomic DNA extracted from tail  snippets.  The following primer
sequences  were  used  for  PCR  genotyping:  KMO  gene  sense:  5′-TTCTGACC
CCATCTGTGTCTGTTCC-3′, antisense: 5′-ATCAGAGCTCCCTAAATA TGGTGGC-
3′; and KMO gene deficiency sense: 5′-AACTTCGACCCTTTCCCAC-3′, antisense: 5′-
GACCACCTCATCAGAGCAG-5′. The mice were housed in a specific pathogen-free
environment in our animal facility. All experiments were performed in accordance
with  Guidelines  for  Animal  Care  of  the  Fujita  Health  University.  Mice  were
acclimatized to controlled conditions (12 h/12 h light/dark cycle, 50% humidity, 23
°C ± 2 °C, ad libitum access to food and water) for two weeks prior to experimentation.
The  protocol  for  all  animal  experiments  was  approved  by  the  Animal
Experimentation Committee of Fujita Health University Graduate School of Medicine.
Procedures involving mice and their care conformed to international guidelines, as
described in Principles of Laboratory Animal Care (National Institutes of Health
publication 85-23, revised 1985).

Induction of acute colitis
Eight-week-old KMO−/− or KMO+/+ mice were allotted to four groups: TNBS-treated
(KMO−/− mice; at least n = 4, KMO+/+ mice; at least n = 4) and ethanol-treated (vehicle,
TNBS solvent control)  (KMO−/−  mice;  at  least n  = 4,  KMO+/+  mice;  at  least n  = 5).
Treatment of the mice with TNBS (obtained from Sigma-Aldrich, St. Louis, MO) and
vehicle was performed as described previously[26]. Mice were placed under anesthesia,
and intrarectally injected with either 100 μL TNBS (2.5% TNBS in 50% ethanol) or 50%
ethanol. All surviving mice were sacrificed three days after the TNBS treatment. Any
steps  taken  to  minimize  the  effects  of  subjective  bias  when  allocating  mice  to
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treatment.

Sample preparation
The colon was opened longitudinally and cut in half in the direction of the long axis.
One half was fixed in phosphate-buffered 10% formalin for 24 h at room temperature.
The  tissue  sample  was  then  processed  for  histological  and  immunohistological
analyses as described later. The second half of the colon was used for quantitative
real-time RT-PCR analysis, enzymatic assays, or analysis of Trp metabolites.

Histological analysis
Three  micrometer-thick  sections  of  the  colon  were  used  for  hematoxylin-eosin
staining for histological grading. The colon tissue was divided into three separate
sections. The histological grades were determined for each section and the sum of the
grades was reported as the inflammation score for each mouse. Histological grading
of colitis was determined on a scale of 0 to 5 as described previously[16]. Grade 0: No
obvious inflammation; Grade 1: Mild inflammatory cell infiltration, no structural
changes observed; Grade 2: Moderate inflammatory cell infiltration, crypt elongation,
bowel wall thickening that does not extend beyond the mucosal layer, no evidence of
ulceration; Grade 3: Severe inflammation cell infiltration, thickening of bowel wall,
high  vascular  density,  crypt  elongation  with  distortion,  transmural  bowel  wall
thickening with ulceration that extends beyond the mucosal layer; Grade 4: Complete
loss of mucosal architecture (crypts) with ulceration and loss of mucosal vasculature;
Grade 5: Coagulative necrosis of the mucosal layer. Illustrative images of the colon at
each grade are shown in Supplementary Figure 1.

Measurement of KP metabolites
For  Trp,  Kyn,  3-HK,  kynurenic  acid  (KA),  anthranilic  acid  (AA),  and  3-
hydroxyanthranilic acid (3-HAA) measurement, colon tissues were homogenized. The
homogenate samples were centrifuged at 7000 × g at 4 °C for 10 min. Fifty microliters
of the supernatant was subjected to high-performance liquid chromatography (HPLC)
analysis. Trp, Kyn, KA, and AA were isocratically eluted from a reverse phase column
[TSKgel ODS-100V, 3 μm, 4.6 mm (ID) × 150 nm (L)] (Tosoh, Tokyo, Japan) using a
mobile phase containing 10 mmol/L sodium acetate and 1% acetonitrile (adjusted pH
to 4.5 with acetic acid) at a flow rate of 0.9 ml/min. Trp and Kyn were detected using
an ultraviolet and visible spectrophotometric apparatus (SPD-20A, Shimadzu, Kyoto,
Japan) (UV wavelength for Trp: 280 nm, UV wavelength for Kyn: 365 nm). AA, KA,
and 3-HAA were detected by a fluorescence detector (RF-20Axs) (Shimadzu) under
the following conditions: The excitation wavelength 320 nm and emission wavelength
420  nm  for  AA  and  3-HAA,  the  excitation  wavelength  334  nm  and  emission
wavelength 380 nm for KA. Twenty microliters of the supernatant was injected into a
3 μm HPLC column (HR-80;  80  mm × 4.6  mm) (ESA,  Chelmsford,  MA),  using a
mobile phase consisting of 1.5% acetonitrile, 0.9% trimethylamine, 0.59% phosphoric
acid, 0.27 mmol/L EDTA, and 8.9 mmol/L sodium heptane sulfonic acid, at a flow
rate of 0.5 mL/min. 3-HK was detected electrochemically using an ECD 300 detector
(oxidation potential: +0.05 V) (Eicom, Kyoto, Japan) as described previously[27].

Immunohistochemical analysis
Three micrometer-thick sections of the colon were used for immunohistochemical
staining for KMO, CD4, and Foxp3. The primary antibodies used were rabbit anti-
KMO antibody (ab83929, Abcam, Abcam Cambridge, United Kingdom), and rabbit
anti-CD4 antibody (ab183685, Abcam), and rabbit anti-Foxp3 antibody (ab545011,
Abcam). After deparaffinization and rehydration, sections were heated at 121 °C for
20 min in Histofine antigen retrieval solution (pH 9.0) (NICHIREI BIOSCIENCE INC.,
Tokyo, Japan) for CD4 or 0.1 mol/L sodium citrate buffer (pH 6.0) for KMO and
Foxp3. The sections were soaked in 3% hydrogen peroxide in methanol for 30 min to
eliminate endogenous peroxidase activity. After nonspecific binding was blocked
with 1% BSA, the sections were incubated with primary antibodies overnight at 4 °C.
Positive and negative controls (no primary antibody) were included for each antibody
(Supplementary  Figure  2).  Secondary  antibody,  conjugated  with  a  peroxidase
polymer (ImmPRESS Reagent anti-rabbit IgG Vector Laboratories, Burlingame, CA)
was added for 30 min at room temperature, followed by the addition of the substrate
3,3`-diaminobenzidine tetrahydrochloride (DAB; Dako, Santa Clara, CA). The sections
were then counterstained with hematoxylin. For immunofluorescence analysis, the
frozen colon sections were used for immunohistochemical staining for KMO, F4/80,
CD19, CD11c, Foxp3, TGF-β, and IL-10. The nonspecific binding was blocked with 1%
BSA in PBS or M.O.M mouse Ig blocking reagent for TGF-β staining (M.O.M kit,
Vector Laboratories), and the sections were subsequently incubated with rabbit anti-
KMO antibody (ab83929, Abcam) and rat monoclonal anti-F4/80 antibody (ab16911,
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Abcam), rabbit anti-Foxp3 antibody (ab545011, Abcam), mouse monoclonal anti-TGF-
β antibody (NBP2-45137, Novus Biological, Littleton, CO), rat monoclonal anti-IL-10
antibody (MBS246583,  MyBioSource,  San Diego,  CA),  rat  monoclonal  anti-CD19
antibody  (14-0194-82,  Thermo  Fisher  Scientific,  Tokyo,  Japan)  and  hamster
monoclonal anti-CD11c antibody (70-0114, TONBO Biosciences, San Diego, CA) in 2%
BSA in PBS overnight at 4 °C. Negative controls (without primary antibodies) were
included for each antibody (Supplementary Figure 3).  After  the incubation with
primary antibodies, the sections were rinsed with PBS, and incubated with secondary
antibodies for 30 min at room temperature.  The secondary antibodies used were
Alexa Fluor® 488-conjugated donkey anti-rabbit IgG (H+L) antibody (NL004, R&D
Systems, Minneapolis, MN), donkey anti-mouse IgG (H+L) antibody (NL009, R&D
Systems) and goat anti-rat IgG (H+L) antibody (ab150157, Abcam), FITC-conjugated
anti-hamster IgG (H+L) antibody (31587, Thermo Fisher Scientific) and nuclei were
stained with 4′,6-diamidino-2-phenylindole (Dojindo, Tokyo, Japan). Immunostained
slides were observed under fluorescence microscope BX51 equipped with a DP74
digital camera (Olympus, Tokyo, Japan).

Cell preparation and Flow cytometry
To prepare colonic lamina propria (LP) cells, the colon was opened longitudinally and
cut into 2-3 fragments. The fragments were stirred to remove epithelial cells in 3
mmol/L ethylenediaminetetraacetic acid (EDTA) solution (220 r/min, 30 min, 37 °C)
and then digested in 100 U/ml of type I collagenases (FUJIFILM Wako, Osaka, Japan)
(220 r/min, 45 min, 37 °C). Digested fragments were passed through a 70-μm cell
strainer and then applied to a discontinuous Percoll density gradient (GE Healthcare,
Illinois, CHI) of 44% Percoll and 60%. Cells at the interface were collected and used as
colonic LP cells. Mesenteric lymph nodes (MLN) were dissociated into single-cells
and then passed through a 70-μm cell strainer and used as MLN cells. Cells were
stained with fluorochrome-conjugated monoclonal antibodies against the following
cell-surface makers: FITC anti-mouse CD4 (GK1.5, BioLegend, San Diego, CA), PE
anti-mouse CD103 (2E7, BioLegend), APC anti-mouse CD11c (N418, BioLegend) and
FITC anti-mouse CD45.2 (104, BioLegend). For intracellular Foxp3 staining, cells were
fixed and permeabilized with Foxp3 Fix/Perm solution (BioLegend). Cells were then
stained with biotin-conjugated anti-mouse Foxp3 antibody (FJK-16s,  BioLegend)
followed  by  streptavidin-conjugated  APC  (405207,  BioLegend).  The  cells  were
analyzed on FACS Calibur  in  conjunction with  FlowJo software  (BD Bioscience,
Tokyo, Japan).

RNA extraction and quantitative PCR
Total  RNA was extracted from the colon tissue using Isogen II  (NIPPON GENE,
Tokyo,  Japan).  cDNA  was  synthesized  using  High-capacity  cDNA  Reverse
Transcription Kits (Applied Biosystems, Foster city, CA) for RT-PCR according to the
manufacturer’s instructions. The following PCR primers were used: KMO, sense, 5′-
G T T A T T G G C G G T G G T T T G G T T G - 3 ′ ,  a n d  a n t i s e n s e ,  5 ′ - G G G C C A A G
TTAATGCTCCTTC-3′;  18S rRNA, sense 5′-GGATTGACAGATTGATAGC-3′,  and
a n t i s e n s e ,  5 ′ - T A T C G G A A T T A A C C A G A C A A - 3 ′ ;  I F N - γ ,  s e n s e ,  5 ′ -
AAGTTTGAGGTCAACAAC-3′,  and anti-sense, 5′-GTGCTGGCAGAATTATTC-3′;
TGF-β,  sense,  5′-ACAATTCCTGGCGTTACCTTG-3′,  and anti-sense,  5′-CGTGGA
GTTTGTTATCTTTGCTG-3′; IL-10, sense, 5′-TGCACTACCAAAGCC ACAAG-3′, and
anti-sense,  5′-TAAGAGCAGGCAGCATAGCAG-3′;  and  TNF-α,  sense,  5′-
TCATGCACCACCATCAAG-3′, and antisense, 5′-CAGAACTCAGGAATGGACAT-3′.

KMO, TGF-β, IL-10, IFN-γ, TNF-α and 18S rRNA were quantified by using SYBR
Green  Supermix  (Bio  Rad,  Hercules,  CA)  on  Step  One  Real  Time  PCR  System
(Applied Biosystems). The expression of each gene was normalized to the expression
of 18S rRNA using the standard curve method.

Administration of Kyn
Kyn was administered as described previously[28]. Briefly, mice were intraperitoneally
injected with L-Kyn (n = 5, 100 mg/kg, twice per day, Sigma-Aldrich, Tokyo, Japan),
KA (n = 5), AA (n = 5), 3-HAA (n = 3), and 3-HK (n = 3, 10 mg/kg, twice per day,
respectively,  Sigma-Aldrich)  at  12  h  after  TNBS  injection  and  were  humanely
sacrificed on day 3.

Statistical analysis
Results are presented as the mean ± SE. For analyzing multiple groups, two-way
ANOVA was used followed by Tukey multiple comparisons test, except for KMO
expression,  which  was  performed  using  one-way  ANOVA  followed  by  Tukey
multiple comparison test, and Kyn-treated mice or vehicle mice were analyzed by
Student’s t-test. All comparison and observations were performed using GraphPad
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Prism7 (GraphPad Software Inc., San Diego, CA). P < 0.05 was considered significant.

RESULTS

Absence of KMO suppresses TNBS-induced colitis in mice
We examined the effects of the KMO−/−  genotype to investigate the role of KMO
during colitis. There was no difference in length, weight, or histological appearance of
the colon and body weight between untreated KMO+/+ mice and untreated KMO−/−

mice  (data  not  shown).  The  histological  grades  of  colonic  inflammation  were
consistently higher in TNBS-treated than in vehicle-treated KMO+/+ mice (P < 0.01),
and the histological grades of colonic inflammation and the ratio of colon to body
weight  (Supplementary Figure  4)  in  TNBS-treated KMO−/−  mice  (P  <  0.05)  were
significantly lower compared to those in TNBS-treated KMO+/+ mice (Figure 1A and
B).  KMO−/−  mice  suffering  from  TNBS-induced  colitis  showed  relatively  mild
inflammation and occasionally developed focal ulceration. In contrast, in KMO+/+

mice,  colitis  was  frequently  associated with  pathological  changes  in  the  colonic
mucosa, including extensive ulceration, crypt loss, and coagulative necrosis (Figure
1B). We next assessed the expression of KMO in the colon by quantitative PCR and
immunohistochemical staining. In KMO+/+ mice, the number of KMO+ cells and KMO
mRNA levels were significantly higher in TNBS-treated groups (P  < 0.05) than in
vehicle-treated groups (Figure 1C-E). Interestingly, KMO was expressed in F4/80+

cells and CD11c+ cells, but not in CD19+ cells, as observed by immunofluorescence
analysis (Figure 1F, Supplementary Figure 5). These observations indicate that TNBS-
induced KMO+ mononuclear phagocytes (MPs), including possibly dendritic cells and
macrophages, were involved in the pathological progression of colitis.

KMO gene deficiency markedly changes the levels of KP metabolites in the colon
Because  KMO  deficiency  has  been  associated  with  significantly  reduced
inflammation, we next investigated the effects of KP metabolites in the TNBS-induced
colitis  model.  The levels of  Kyn and KA in the colonic tissues were significantly
higher in TNBS-treated KMO−/−  mice (Kyn: P  < 0.05;  KA: P <  0.01) than those in
KMO−/−  vehicle mice. In contrast, the levels of Kyn, AA, and KA in TNBS-treated
(Kyn, KA: P < 0.01; AA: P < 0.05) and vehicle-treated KMO−/− mice (Kyn, KA: P < 0.01;
AA:  P  <  0.05)  were significantly  higher  compared to  those in  TNBS-treated and
vehicle-treated KMO+/+ mice (Figure 2). As expected, the levels of 3-HK and 3-HAA
remained low in TNBS-treated KMO−/− mice. The levels of Trp were unaffected in all
mice  tested  regardless  of  presence  or  absence  of  KMO (Figure  2).  These  results
suggest that increased levels of KP metabolites, excluding 3-HK and 3-HAA, resulting
from KMO deficiency might also contribute to the regulation of colonic inflammation.

Increase in  Kyn levels  in  the  colon of  KMO−/−  mice  promotes  Foxp3+  Treg cell
accumulation
Treg cells prevent the induction and progression of colitis[6-8]. Therefore, we quantified
the proportion of Foxp3+ Treg cells in the inflamed colon by immunohistochemical
staining and flow cytometry. To this end, we evaluated the Foxp3+ Treg cells on serial
sections  (Figure  3A).  During  colitis,  the  frequency  of  colonic  Treg  cells  was
significantly higher in KMO−/− mice (P < 0.05) than in KMO+/+ mice (Figure 3B and C).
Consistent with these results, the frequency of CD103+ DCs in the MLN was higher in
KMO−/− mice (P < 0.05) than in KMO+/+ mice under inflammatory conditions (Figure
3D and E). These results suggest that KMO−/− mice showed enhanced induction or
accumulation of Foxp3+ Treg cells in the inflamed colon.

Upregulation of anti-inflammatory cytokines in the colon of KMO−/− mice
Anti-inflammatory cytokines,  which are largely produced by Treg cells,  regulate
intestinal inflammation including colitis. To examine whether reduced inflammation
in KMO−/− mice is due to enhanced production of anti-inflammatory cytokines, we
first  examined the levels of  mRNA expression of TGF-β and IL-10 in the colonic
tissues. The levels of TGF-β and IL-10 mRNA in the colon of TNBS-treated KMO−/−

mice (P < 0.05) were significantly higher than those of TNBS-treated KMO+/+ mice
(Figure  4A).  In  contrast,  the  levels  of  inflammatory cytokines  TNF-α and IFN-γ
mRNA tended to reduce in the colon of TNBS-treated KMO−/− mice compared to the
colon  of  TNBS-treated  KMO+ / +  mice  (Figure  4A).  We  next  performed
immunofluorescence staining to determine the source of TGF-β and IL-10. In the
colonic lamina propria (LP) of vehicle or TNBS-treated KMO+/+ mice, the expression
of TGF-β and IL-10 was largely observed in Foxp3+  Treg cells,  but not in colonic
epithelium (Figure 4B). Furthermore, the ratio of TGF-β+ /Foxp3+ cells and IL-10+/
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Figure 1

Figure 1  Increased number of F4/80+ KMO+ cells in the colon exacerbates TNBS-induced colitis. Mice were treated with either TNBS or vehicle, and colons
were collected three days after treatment. A: Histological scores determined based on a histological grading as described in Materials and Methods. B: Representative
images of H&E-stained colons of the said mice. C, D: The KMO+ cells in the colons of the said mice were counted using immunohistochemical staining for KMO. E:
KMO mRNA expression in the colon was determined by quantitative PCR. F: The colons of TNBS-treated mice were stained for F4/80, CD19, CD11c, KMO, and DAPI
(nuclei) using immunofluorescence staining. The negative controls for F4/80, CD19, CD11c, and KMO were not stained (Supplementary Figure 2 and 3). aP < 0.05 vs
Vehicle group, bP < 0.01 vs Vehicle group, cP < 0.05 vs TNBS-treated KMO+/+ mice group. KMO: Kynurenine 3-monooxygenase; TNBS: Trinitrobenzene sulfonic
acid.

Foxp3+  cells in the isolated lymphoid follicles (ILF) in the colon was significantly
higher in TNBS-treated KMO−/− mice (P < 0.01) than in TNBS-treated KMO+/+ mice
(Figure 4D). However, the ratio of TGF-β+/Foxp3+ cells and IL-10+/ Foxp3+ cells in the
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Figure 2

Figure 2  TNBS treatment increased the levels of colon L-Kyn in absence of KMO. KP metabolite levels in the colon of the indicated mice were measured using
HPLC. The data are represented as mean ± SE from at least four independent experiments: aP < 0.05 vs Vehicle or TNBS-treated KMO+/+ mice group; bP < 0.01 vs
Vehicle or TNBS-treated KMO+/+ mice group; cP < 0.05 vs KMO−/− Vehicle group; and dP < 0.01 vs Vehicle group. KMO: Kynurenine 3-monooxygenase; TNBS:
Trinitrobenzene sulfonic acid.

colonic LP and mesenteric lymph nodes (MLN) was not significantly altered between
these mice (data not shown). These results suggest that Foxp3+ Treg cells accumulate
in the colonic ILF and suppress colitis through enhanced Kyn-dependent production
of TGF-β and IL-10.

Treatment with Kyn improves TNBS-induced colitis
To evaluate the effects of Trp metabolites in TNBS-induced colitis, we administrated
Kyn, KA, or AA to TNBS-treated KMO+/+ mice and 3-HK or 3HAA to KMO−/− mice.
The histological grades of colonic inflammation and the ratio of colon to body weight
in Kyn-treated mice (inflammation score: P = 0.05; colon/B.W.: P < 0.05) were reduced
compared to those in KA, AA, and PBS-treated KMO+/+ mice (Figure 5A left and Sup-
plementary Figure 6). Moreover, these indicators for colonic inflammation in 3-HK-
treated KMO−/− mice were increased compared to those in 3HAA- or PBS-treated mice
(P  <  0.05)  (Figure  5A  right).  Kyn-treated  KMO+/+  mice  had  relatively  mild
inflammation and occasionally developed focal ulceration. In contrast, KA, AA, and
PBS-treated  KMO+/+  mice  and  3-HK-treated  KMO−/−  mice  exhibited  severe
inflammation with pathogenic changes in the colonic mucosal architecture including
extensive ulceration and coagulative necrosis (Figure 5B and Supplementary Figure
7). Furthermore, the ratio of Foxp3+/CD4+ cells in the colon was significantly higher in
Kyn-treated mice (P  <  0.05)  than in  PBS-treated mice (Figure 5C,  D).  We finally
confirmed the mRNA expression levels of IL-10 and TGF-β in Kyn-treated mice. The
levels of IL-10 mRNA in Kyn-treated mice (P < 0.05) were significantly upregulated
compared to those in PBS-treated mice, whereas there was no significant change in
the levels of TGF-β mRNA (Figure 5E). Similarly, the ratio of TGF-β+/Foxp3+ cells or
IL-10+/ Foxp3+ cells in the ILF were significantly higher in Kyn-treated KMO−/− mice
than in PBS-treated KMO+/+ mice (data not shown). These results suggest that the
administration of Kyn as well as the inhibition of KMO reverse the exacerbation of
TNBS-induced colitis via the induction or accumulation of anti-inflammatory cytokine
producing Foxp3+ Treg cells.
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Figure 3  Regulation of KMO is involved in induction of Foxp3+ Treg cells. A: Serial sections of the colons of the indicated mice were stained for Foxp3 and
counterstained with hematoxylin. B–E: CD4+Foxp3+ cells and CD11c+CD103+ cells were analyzed using flow cytometry on colonic LP cells and MLN cells,
respectively, from indicated mice, gated on 7-AAD-CD45.2+ cells. Representative flow cytometry plots and cumulative datagraphical summary are depicted. Data are
representative of at least five independent experiments with similar results: aP < 0.05 vs TNBS-treated KMO+/+ mice group; cP < 0.05 vs KMO−/− Vehicle group. KMO:
Kynurenine 3-monooxygenase; TNBS: Trinitrobenzene sulfonic acid.

DISCUSSION
In this study, the role of KMO in immune regulation was examined in KMO gene
deficient  mice  suffering  from  TNBS-induced  colitis.  We  demonstrated  that  the
expression of TGF-β and IL-10 in the colon of these colitic mice was upregulated by
KMO inhibition and Kyn administration, resulting in increased recruitment of Treg
cells into the inflammatory site, where they suppress the progression of colitis.

KMO plays a major role in physiological and pathological events involving KP[20].
KMO  activity  is  high  in  MPs,  especially  macrophages[21]  and  its  expression  is
dependent on IFN-γ signaling[22]. Our results showed that the number of KMO+ cells,
which are composed of F4/80+ and CD11c+ MPs, and mRNA expression level of KMO
were significantly upregulated in the colon of TNBS-treated KMO+/+ mice compared
to vehicle  mice.  Interestingly,  the absence or  inhibition of  KMO caused reduced
inflammation and mucosal damage in the colon, suggesting that KMO+ MPs play a
pivotal role in initiating inflammation in this model. In this context, various functions
of KMO in immune regulation have been reported[23-31]. For example, the absence of
KMO is  associated with reduction of  mortality  in  acute  viral  myocarditis[23]  and
prevention of multiple organ failure in acute pancreatitis[29]. Therefore, KMO+ MPs
may be involved in the induction and progression of various inflammatory disorders.

Several  studies  have  shown  that  the  downstream  metabolites  of  Trp  possess
immunomodulatory functions. Kyn, the first Trp metabolite, is known to act as an
endogenous  ligand  for  the  aryl  hydrocarbon  receptor  (AHR)  that  induces  the
generation of Treg cells through the expression of Foxp3[32,33]. Indeed, in the CpG-
activated plasmacytoid dendritic  cell-T cell  co-culture system, the addition of  1-
methyltryptophan,  a  representative  inhibitor  of  IDO,  significantly  reduces  the
generation of Treg cells, whereas the addition of Kyn induces Treg generation even in
the absence of endogenous IDO[25,34]. In line with these findings, the number of Treg
cells in the colon is significantly increased in colitic KMO−/−  mice, which have an
elevated  level  of  Kyn.  Furthermore,  the  administration  of  Kyn to  TNBS-treated
KMO+/+  mice  increased  the  number  of  Treg  cells  in  the  colon  and  reduced  the
pathology  of  colitis.  Thus,  the  number  of  Treg  cells  in  inflamed  colon  may  be
regulated by Kyn levels in the tissue. We also found that the level of 3-HK remained
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Figure 4  TNBS-treatment increased the levels of anti-inflammatory cytokines in the colon of KMO-deficient mice. A: mRNA levels of TGF-β, IL-10, TNF-α,
IFN-γ, and IL-17 in the colons of indicated mice were determined by quantitative PCR. B–C: Serial sections of the colons from vehicle or TNBS-treated KMO+/+ mice
and TNBS-treated KMO+/+ or KMO−/− mice were stained for TGF-β, IL-10, Foxp3, and DAPI (nuclei). D: The ratio of TGF-β+ cells or IL-10+ cells to Foxp3+ Treg cells
in ILF of TNBS-treated KMO+/+ mice or TNBS-treated KMO−/− mice. Negative controls for of TGF-β, IL-10 and Foxp3 were not stained (Supplementary Figure 3). The
data are represented as mean ± SE from at least four independent experiments: aP < 0.05 vs TNBS-treated KMO+/+ mice group; bP < 0.01 vs TNBS-treated KMO+/+

mice group; dP < 0.01 vs KMO−/− Vehicle group. KMO: Kynurenine 3-monooxygenase; TNBS: Trinitrobenzene sulfonic acid; TGF-β: Transforming growth factor-β; IL-
10: Interleukin-10; TNF-α: Tumor necrosis factor-α; IFN-γ: Interferon-γ; IL-17: Interleukin-17; Foxp3: Forkhead boxprotein P3.

low  in  colitic  KMO−/−  mice  and  the  administration  of  3-HK  to  KMO−/−  mice
exacerbated colitis. These results suggest that KMO+ MPs might be a key player in the
induction of colitis through their production of 3-HK.

Treg cells suppress Th1- and Th17-responses in colitis[35], and the removal of Treg
cells worsens acute intestinal inflammation[10]. The suppressive effects of Treg cells on
colitis are mediated by their production of IL-10 and TGF-β[36-38], suggesting that the
regulation of Treg cells can aid in the treatment of IBD[39]. Indeed, in our study, TNBS-
treated KMO−/− mice showed significantly increased frequency of IL-10- and TGF-β-
producing Treg cells. However, the administration of Kyn in TNBS-treated KMO+/+

mice significantly increased the levels of IL-10, but not those of TGF-β in the colon. In
addition,  although the frequency of  TGF-β- or IL-10-producing Foxp3+  cells  was
significantly higher in the ILF of TNBS-treated KMO−/− mice and Kyn-treated KMO+/+

mice than in TNBS-treated KMO+/+  mice,  the frequency in the LP and MLN was
unaffected, raising the question of how the Treg cells are generated in the ILF during
colitis. In this regard, CD103+ DCs have been shown to induce the differentiation from
naive T cells into Treg cells in the MLN and possibly the ILF in a TGF-β- and retinoic
acid-dependent manner, and the Treg cells then migrate into the LP[40,41]. We found
that the frequency of CD103+DCs in the MLN of colitic KMO−/− mice was higher than
that in colitic KMO+/+  mice.  Importantly,  intestinal CD103+DCs that express IDO
selectively induce Treg cells through their production of Kyn, thereby preventing
colitis[42]. These findings suggest that the total number of Treg cells in the LP derived
from the MLN and the ILF may be dependent on Kyn-producing CD103+DCs. Besides
MLN-generated Treg cells, thymus-generated natural Treg cells have also been shown
to contribute to the suppression of chronic colitis in a T-cell transfer model[43]. During
colitis,  the  ILF  and their  related  lymphoid-like  structures  are  developed by  the
recruitment of various immune cells[44], including possibly Treg cells. Therefore, the
generation of Treg cells in the ILF may be due to their recruitment from the MLN and
the thymus.
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Figure 5

Figure 5  Administration of Kyn improved TNBS-induced colitis. KMO+/+ and KMO−/− mice were treated with the indicated KP metabolites 12 h after TNBS
injection, and the colons were collected on day 3. A: Histological inflammation scores for the colons of KP metabolite-treated mice or PBS-treated mice. B:
Representative images of H&E-staining in the colon of indicated mice. C: The ratios of Foxp3+ Treg cells to total CD4+ T cells in the colons of mice. D: Serial sections
of the colons of from indicated mice were stained for Foxp3 and counterstained with hematoxylin, allowing indication of Foxp3+ cells. E: The mRNA expression levels
of TGF-β and IL-10 were determined by quantitative PCR. The data are represented as mean ± SE from at least four independent experiments: aP < 0.05 vs PBS-
treated KMO−/− mice group; bP < 0.01 vs PBS-treated KMO+/+ mice group. KMO: Kynurenine 3-monooxygenase; TNBS: Trinitrobenzene sulfonic acid; Kyn:
Kynurenine; KA: Kynurenic acid; AA: Anthranilic acid; 3-HK: 3-hydroxykynurenine; 3-HAA: 3-hydroxyanthranilic acid; TGF-β: Transforming growth factor-β; IL-10:
Interleukin-10; Foxp3: Forkhead boxprotein P3.

In conclusion, we showed that the inhibition of KMO in the colon leads to increased
levels of colonic Kyn, thereby suppressing colitis through Treg cell induction. Given
that  the  administration  of  Kyn  or  inhibition  of  KMO are  essential  for  Treg  cell
induction,  our  findings  may  contribute  to  the  development  of  new therapeutic
applications targeting Treg cells.
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Abstract
BACKGROUND
As the most common biliary malignancy, gallbladder cancer (GC) is an elderly-
biased disease. Although extensive studies have elucidated the molecular
mechanism of microRNA 182 (miR-182) and reversion-inducing-cysteine-rich
protein with kazal motifs (RECK) in various cancers, the specific role of exosomal
miR-182 and RECK in GC remains poorly understood.

AIM
To explore the relationship between exosomal miR-182/RECK and metastasis of
GC.

METHODS
Paired GC and adjacent normal tissues were collected from 78 patients.
Quantitative polymerase chain reaction was employed to detect miR-182 and
exosomal miR-182 expression, and Western blotting was conducted to determine
RECK expression. In addition, the effects of exosomal miR-182/RECK on the
biological function of human GC cells were observed. Moreover, the double
luciferase reporter gene assay was applied to validate the targeting relationship
between miR-182 and RECK.

RESULTS
Compared with normal gallbladder epithelial cells, miR-182 was highly
expressed in GC cells, while RECK had low expression. Exosomal miR-182 could
be absorbed and transferred by cells. Exosomal miR-182 inhibited RECK
expression and promoted the migration and invasion of GC cells.

CONCLUSION
Exosomal miR-182 can significantly promote the migration and invasion of GC
cells by inhibiting RECK; thus miR-182 can be used as a therapeutic target for GC.
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Core tip: Gallbladder cancer (GC) is the most common biliary malignancy that mostly
affects the elderly. At present, however, the specific role of exosomal miR-182 and
RECK in GC remains unknown. The results of this study indicated that exosomal miR-
182 could markedly promote the migration and invasion of GC cells by inhibiting
RECK. Therefore, miR-182 could serve as a therapeutic target for GC.
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INTRODUCTION
Gallbladder cancer (GC) is the most common biliary malignancy, ranking sixth among
gastrointestinal cancers, with a high recurrence rate and poor prognosis[1,2]. Diabetes,
gallstone size, age, sugary drinks, and genetic mutations are all risk factors affecting
GC. At present, the effect of surgical treatment for GC is largely dependent on tumor
metastasis[3], worsened by the fact that GC cells are highly invasive[1]. So gene target
therapy  has  gradually  become  a  research  hotspot  in  GC.  Many  studies[4,5]  have
suggested that  regulation of  target  gene expression by microRNA (miRNA) has
potential therapeutic prospects.

MiR-182,  a  miRNA  approximately  110  base  pairs  in  length,  is  located  on
chromosome 7.  It  is  well  established that  the abnormal expression of  miR-182 is
associated with cancer progression. For example, Kulkarni et al[6] found that miR-182
inhibited mitosis of renal cancer cells by downregulating metastasis associated lung
adenocarcinoma transcript 1 expression. According to Livingstone et al[7], the serum
expression of miR-182 in liver cancer model rats was significantly increased when
aflatoxin was applied to construct liver cancer model rats, and the authors believed
that the high expression of serum miR-182 was closely related to liver cancer.  In
addition, Perilli et al[8] found that the high expression of miR-182 in colorectal cancer
cells could increase the activity of G0/G1 phase cells and downregulate the apoptosis
pathway. MiR-182 can inhibit the Notch pathway through the NF-kB-miR-182-HES1
axis, ultimately promoting malignant invasion of medullary thyroid cancer cells[9].
While in GC, miR-182 promotes tumor metastasis by downregulating cell adhesion
molecule 1 expression[10].

Reversion-inducing-cysteine-rich protein with kazal motifs (RECK) protein was
expressed  in  26  tissues  including  gallbladder,  endometrium,  and  lung.  As  an
important regulator of extracellular matrix remodeling, it can negatively regulate
matrix metalloproteinase 9 (MMP9) and MMP2 to inhibit malignant behaviors such as
migration and invasion of  cancer  cells[11-13].  Apart  from that,  RECK can promote
apoptosis by altering p53, p53, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein
(Bax), and other p53 pathway proteins[14]. Moreover, the influence of RECK on tumor
progression was regulated by miRNA. For example, Chen et al[15] found that miR-15b
promoted  the  proliferation  and  invasion  of  prostate  cancer  cells  by  targeting
inhibition of RECK. Besides, Wang et al[16] demonstrated that RECK was negatively
regulated by miR-21, which could upregulate the invasion and migration of colon
cancer cells. In colorectal cancer, it has been reported that the effects of miR-92a[17],
miR-96[18] and miR-375[19] on the biological function of cancer cells are all related to the
regulation of RECK expression.

Although the molecular mechanism of miR-182 and RECK has been clarified in a
variety of  cancers,  the co-role of  exosomal miR-182 combined with RECK in GC
remains unclear. Therefore here, by regulating their expression in GC, we explored
the role of exosomal miR-182 and RECK in GC.
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MATERIALS AND METHODS

Sample collection
Paired cancer tissues and adjacent normal tissues were obtained from 78 diagnosed
GC patients,  including 36 males and 42 females.  Inclusion criteria  were patients
diagnosed with GC. In contrast, the exclusion criteria were as follows: Patients with
psychiatric  disorders,  previous  treatment  history  of  surgery,  chemotherapy,
radiotherapy  or  antibiotic,  combined  with  other  tumors  or  those  who  did  not
cooperate with the treatment. The collected tissues were sectioned and stored in at -80
°C for testing. Venous blood samples from GC patients and healthy subjects were
collected on an empty stomach and stored in Eppendorf tube without anticoagulant.
Then it was centrifuged at room temperature for 15 min at 3 × 103 rpm to obtain the
supernatant,  which was then placed in a RNase-free Eppendorf tube for a 5-min
centrifugation  at  a  rotational  speed  of  1.2  ×  104  rpm.  After  centrifugation,  the
supernatant was collected and stored at -80 °C until subsequent measurement. All
participants were fully informed of the study, and the Medical Ethics Committee of
the Affiliated Hospital of Zunyi Medical University approved the study.

Cell culture and transfection
GC  cell  lines  (GBC-SD,  EHGB1,  NOZ)  and  human  gallbladder  epithelial  cells
(HGBEC) were purchased from the cell bank of American Type Culture Collection
(Gaithersburg,  MD, United States),  and the cells  were cultured in an animal cell
incubator at 37 °C and 5% CO2.  The medium used for the GC cell  lines was 1640
medium (HyClone Laboratories, South Logan, UT, United States) supplemented with
10% fetal bovine serum (FBS; Gibco Laboratories, Gaithersburg, MD, United States)
and 1% penicillin/streptomycin (100X; Beijing Solarbio Science & Technology Co.
Ltd.,  Beijing,  China),  while  that  used  for  the  HGBEC  cell  line  was  Dulbecco’s
Modified Eagle Medium (DMEM) (Hyclone) supplemented with 10% FBS (Gibco
Company) and 1% penicillin/streptomycin (100X; Solarbio). Follow-up experiments
were carried out until the cells reached 80%-90% confluency.

The culture medium was renewed with FBS-free medium 1 d before transfection,
and cells were seeded into 6-well plates at 1 × 105/well. MiR-182 mimics, RECK small
interfering RNA (siRNA), and negative control (NC) si vectors were purchased from
Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China) Then the Lipofectamine 2000
Transfection Kit (Invitrogen, Carlsbad, CA, United States) was employed to transfect
the  abovementioned  vectors  into  the  cell  lines  according  to  the  manufacturer’s
instructions.  The  culture  medium  was  renewed  at  37  °C  and  5%  CO2  8  h  after
transfection.

Separation and screening of exosomes
Cell (NOZ cell) suspension was prepared by enzymatic hydrolysis before centrifuging
at 1 × 105 g for 8 h. Then the cells were cultured in RPMI 1640 medium containing 10%
FBS at 37 °C and 5% CO2. When the cells were cultured to 80%-90% confluency, the
supernatant of the medium was collected, the exosomes were extracted, and the latter
was centrifuged at 1 × 105 g for 1.5 h to collect the lower exosome sediments. Next,
phosphate-buffered saline (PBS) was added to the exosome precipitate for repeated
pipetting. Finally, the expression of cluster of differentiation 63 (CD63) and CD81 was
detected by Western blot analysis.

Quantitative PCR
The total RNA from the tissue samples or cells was extracted by Trizol, while that of
the exosomes was detected using the Total Exosome RNA & Protein Isolation Kit (No.
4475545; Invitrogen). Then the concentration and purity of total RNA at 260-280 nm
was detected by an ultraviolet spectrophotometer, and RNA with OD260/OD280 >
1.8 was selected for follow-up quantitative PCR (qPCR) detection. The FastKing One-
Step Reverse  Transcription-Fluorescence  Quantification Kit  [Catalog No.  FP314;
Tiangen Biotech (Beijing) Co. Ltd., Beijing, China) and ABI PRISM 7000 (Applied
Biosystems, Foster City, CA, United States] were applied for qPCR quantification.
MiR-182 primer was designed and synthesized by Sangon Biotech (Shanghai) Co.,
Ltd. The reaction system was performed in strict accordance with the kit instructions
(50 μL): Upstream primer: 1.25 μL, downstream primer: 1.25 μL, probe: 1.0 μL, RNA
template: 10 pg/μg, 50 × ROX Reference Dye ROX: 5 μL, and RNase-FreeddH_2 was
added  to  reach  an  overall  reaction  volume  of  50  μL.  Reaction  process:  reverse
transcription at 50 °C for 30 min, cycled once; pre-denaturation at 95 °C for 3 min,
cycled once; denaturation at 95 °C for 15 s, and annealing at 60 °C for 30 s, cycled 40
times. The results were analyzed by the ABI PRISM 7000 instrument with U6 and
GAPDH as the internal reference genes; the primer sequences are shown in Table 1.
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Table 1  Primer sequences

Upstream primer (5'→3') Downstream primer (5'→3')

miR-182 TGCGGTTTGGCAATGGTAGAAC CCAGTGCAGGGTCCGAGGT

RECK TCTGCAGGGGAAGTTGGTTG CAGTTACAGGGCAGACCTGT

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

GAPDH AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC

miR-182: MicroRNA 182; RECK: Reversion-inducing-cysteine-rich protein with kazal motifs.

Western blot
An volume of 1 mL cell protein extract (cell lysate: protease inhibitor: phosphatase
inhibitor = 98:1:1, v/v/v) was added to the cells.  Then the solution was pipetted
several times and centrifuged at 1.2 × 104 r/min for 15 min to collect the supernatant.
The  proteins  were  resolved  by  sodium  dodecyl  sulfate  polyacrylamide  gel
electrophoresis before transfer to the nitrocellulose membrane, followed by blocking
at room temperature for 1 h in 5% skim milk/PBS solution. Next, the membrane was
incubated  overnight  at  4  °C  with  primary  antibodies  against  RECK,  caspase-3,
caspase-9, E-cadherin, Bax, Bcl-2, N-cadherin, β-catenin and β-actin (all from Shanghai
Abcam Co., Shanghai, China). Then the nitrocellulose membrane was washed three
times with PBS, followed by a 1 h incubation at room temperature with goat anti-
rabbit secondary antibody (horseradish peroxidase cross-linked; Shanghai Abcam
Co.). Finally, the NC membrane was rinsed with PBS and proteins were visualized by
enhanced chemiluminescence.  With β-actin as the internal  reference protein,  the
relative expression level of the protein to be measured was equal to the gray value of
the band to be measured/the gray value of the β-actin band.

Transwell chamber detection for cell migration and invasion
The adherent cells were digested with trypsin and the supernatant was obtained by
1103 x g centrifugation for 1 min, and then added to the cell medium to re-suspend
the cells. Then the cells were seeded in the upper migration chamber (containing 200
μL 10% FBS + 1% DMEM) at 2 × 104 cells/well, and the DMEM containing 10% FBS
(total volume of 500 μL) was added to the lower chamber. After 24 h of cell culture,
the upper chamber fluid was removed and the parenchyma cells were wiped off.
Then the Transwell cells were fixed in 4% methanol for 20 min, and the Transwell
chamber was washed with PBS after crystal violet staining for 15 min. Photographs of
cell migration were taken under a 200-fold microscope, and three fields of view were
randomly selected to calculate the number of cells, with the average value as the
number  of  permeabilized  cells.  The  experiment  was  repeated  three  times.  The
invasion experiment  shared the same steps  with those  of  migration experiment,
except that the former was treated with 8% matrix glue and the number of cells per
well was increased to 5 × 104.

MTT assay for cell viability
The transfected cells were hydrolyzed with trypsin and centrifuged to remove the
enzyme solution, followed by the addition of fresh medium and pipetting to prepare
the cell suspension. Then four 96-well plates were inoculated with cells of 5 × 103/100
μL per well, with 3 wells per set. One plate was taken out every 24 h, and 5 mg/mL
MTT solution was added at 10 μL/well for additional culture for 1 h. Then the culture
medium was removed and the OD value at 570 nm was measured by a microplate
reader. The experiment was repeated three times to plot the cell viability-time curve.

Flow cytometry
The adherent cells were digested and prepared as a cell suspension. The CountessTM
automatic counter (Invitrogen) was applied to dilute the cells to 1 × 106. Then cells
were fixed in a  70% ethanol  ice-cold solution at  4  °C for  30 min.  Thereafter,  the
ethanol solution was removed, and the cells were incubated in Annexin V-FITC/7-
AAD solution. Finally, apoptosis was analyzed using the FACScan flow cytometer
(Becton Dickinson, Franklin Lakes, NJ, United States).

Double luciferase verification of targeting relationship between miR-182 and RECK
The pmirGLO-HMGB1-wt and pmirGLO-HMGB1-mut vectors were constructed and
co-transfected into EH-GB1 and GBS-SD cells with miR-182 mimics and NC mimics,
respectively. After 48 h of transfection, the luciferase activity was detected by double
luciferase  reporter  gene  assay  (Promega,  Madison,  WI,  United  States)  in  strict
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accordance with the instructions.

Statistical analysis
Statistical analysis of the collected data of indicators mentioned above was performed
using SPSS20.0 (Asia Analytics Formerly SPSS, China) and GraphPad Prism 6.0. Each
experiment  was  repeated  three  times.  The  data  are  represented  by  the  mean  ±
standard deviation, and the count data are expressed as n. Intergroup comparison
was  conducted  by  an  independent  samples  t-test,  multi-group comparison  was
analyzed by one-way analysis of variance, and post-hoc pairwise comparison was
performed by an least significant difference test. Pearson’s analysis was applied to the
correlation between miR-182 and RECK.  The relationship between miR-182 and
clinical features was determined by the two-sample Student's t-test. All data were
double-tailed. With 95% as its confidence interval, a statistically significant difference
was assumed at P < 0.05.

RESULTS

There is high expression of miR-182 and low expression of RECK in GC
Exosomes were extracted and Western blot analysis was used to detect  exosome
protein markers CD63 and CD81 (Figure 1). The results showed that CD63 and CD81
were highly expressed in exosomes compared with cell samples, indicating that the
sample was indeed exosomes.

This study included 78 cases of paired GC and adjacent normal tissues. qPCR was
employed to quantify the expression levels of miR-182 and exosomal miR-182 in
tissues  and  cells,  and  the  expression  of  RECK  protein  in  tissues  and  cells  was
determined by  Western  blot  analysis(Figure  2).  The  expression  of  miR-182  was
markedly increased in cancer tissues (Figure 2A), whereas that of RECK was notably
decreased in  cancer  tissues  compared with  normal  adjacent  tissues  (Figure  2D).
Compared with normal human blood samples, serum miR-182 level was significantly
elevated in patients with GC (Figure 2B). However, compared with HGBEC, miR-182
expression was markedly increased (Figure 2C), whereas RECK was significantly
decreased in GC cells (Figure 2E). The abovementioned results indicated that miR-182
was highly expressed in GC, whereas there was low expression of RECK. It is worth
mentioning that the expression levels of miR-182 and RECK were the highest and
lowest, respectively in NOZ cell lines.

miR-182 is associated with GC metastasis
Here, we compared the expression of miR-182 and exosomal miR-182 in different
tumor-node-metastasis (TNM) phases and analyzed the correlation between miR-182
and clinical features (Figure 3, Table 2). As shown in Figure 3, miR-182 and exosomal
miR-182 were highly expressed in the N1/N2/N3 and M1 phases. Table 2 illustrates
that miR-182 was associated with the N and M phases and RECK expression.

Exosomal miR-182 can promote cell  proliferation, migration and invasion, and
inhibit apoptosis and RECK expression
As  mentioned  earlier,  miR-182  and  RECK  presented  the  highest  and  lowest
expression, respectively in NOZ cell lines; thus exosomal miR-182 in NOZ cells was
extracted and co-cultured with EH-GB1 and GBS-SD cells to observe the effect of miR-
182 on cell biological function. Cell viability was detected by MTT, cell invasion and
migration were measured by the Transwell assay, protein expression was detected by
Western blotting, and apoptosis was determined by flow cytometry. Compared with
the NC group, the cell  viability (Figure 4A and B), cell  invasion (Figure 4C), and
migration  (Figure  4D)  of  the  exosomal  miR-182  group were  enhanced,  whereas
apoptosis (Figure 4E, Supplementary Figure 1A and C) was attenuated. In addition,
compared with the NC group, the expression levels of RECK, caspase-3, caspase-9, E-
cadherin, and Bax were downregulated in the exosomal miR-182 group, whereas the
expression levels of Bcl-2, N-cadherin and β-catenin were upregulated (Figure 4E).
These results revealed that exosomal miR-182 promoted cell proliferation, migration
and invasion, and inhibited apoptosis and RECK expression.

RECK inhibits cell proliferation, migration and invasion, and promotes apoptosis
The expression of RECK was regulated by exosomal miR-182. In order to understand
whether the change of RECK expression was related to the occurrence of GC, we
inhibited RECK and observed its effect on the biological function of GC cells (Figure
5). Compared with the NC group, the RECK siRNA group had increased cell viability
(Figure 5A and B), enhanced cell invasion (Figure 5C) and migration (Figure 5D), and
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Figure 1

Figure 1  Western blot analysis of cluster of differentiation 63 and cluster of differentiation 81 exosomes. A:
Expression levels of cluster of differentiation (CD) 63 and CD81; B: Western blot bands. Exosomes were isolated
from cells; the isolation process is described in “Separation and screening of exosomes.”

decreased apoptosis (Supplementary Figure 1B and D). In addition, the expression
levels of caspase-3, caspase-9, E-cadherin, and Bax in the RECK siRNA group were
downregulated, while the expression levels of Bcl-2, N-cadherin, and β-catenin were
upregulated  in  contrast  with  the  NC group.  These  results  indicated  that  RECK
promoted apoptosis and inhibited cell proliferation, migration, and invasion.

MiR-182 targets inhibition of RECK expression
The TargetScan database predicted that miR-182 had binding sites on RECK mRNA
(Figure 6A). The double luciferase reporter gene assay confirmed that miR-182 had a
targeting relationship with RECK mRNA (Figure 6B and C). In addition, a negative
correlation between miR-182 and RECK protein was validated by Pearson’s analysis.
The above results indicated that miR-182 could target to inhibit RECK.

Rescue experiment
Exosomal miR-182 and exosomal miR-182+RECK overexpression vectors were added
to GC cells to perform the MTT assay, Western blot analysis, and Transwell assay. The
results showed that compared with the exosomal miR-182 group, the cell viability,
migration,  and  invasion  of  the  exosomal  miR-182+RECK group decreased,  and
apoptosis  increased.  Meanwhile,  the  exosomal  miR-182+RECK  group  showed
upregulated caspase-3, caspase-9, E-cadherin and Bax and downregulated Bcl-2, N-
cadherin, and β-catenin expression (Figure 7). The above results suggested that RECK
overexpression could counteract the enhancement of cell proliferation, invasion, and
migration caused by exosomal miR-182.

DISCUSSION
As  essential  carriers  for  cell-cell  information  communication,  exosomes  are
extracellular vesicles with a diameter of 40-150 nm in nature, which contain a variety
of proteins, DNA, and RNA. CD63, CD81, and CD9 on the surface of vesicles are
vesicles  markers[20].  Exosomes  can  stimulate  extracellular  matrix  remodeling  or
information transmission when they are released out of the cell, which is of great
significance  for  human health  and disease[21].  Due  to  the  presence  of  exosomes,
miRNAs  can  be  actively  secreted  outside  the  cell  without  degradation  of  RNA
enzymes, and play a role by being absorbed by other cells through endocytosis[22].

In this study, miR-182 and exosomal miR-182 were found to be highly expressed in
GC, and had the highest expression levels in NOZ cells. Therefore, exosomal miR-182
was isolated from NOZ cells and co-cultured with EH-GB1 and GBS-SD cells. The
results showed that exosomal miR-182 could promote the proliferation, migration,
and invasion of EH-GB1 and GBC-SD cells and inhibit cell apoptosis. Meanwhile, the
expression of  RECK,  caspase-9,  caspase-9,  E-cadherin,  and Bax was found to  be
downregulated,  whereas  the  expression of  Bcl-2,  N-cadherin  and β-catenin  was
upregulated. In the study of Qiu et al[10], miR-182 could act as a carcinogen to promote
the metastasis of GC. The results of this study further supplemented the possibility
that miR-182 could regulate other cell biological functions through exosomes.

In addition, we found that RECK was downregulated when exosomal miR-182 was
co-cultured with cancer cells. TargetScan further predicted that there were binding
sites between miR-182 and RECK mRNA, and the negative correlation between the
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Figure 2

Figure 2  MicroRNA 182 was highly expressed, whereas there was low expression of reversion-inducing-cysteine-rich protein with kazal motifs in
gallbladder cancer. A: MicroRNA 182 (miR-182) was highly expressed in gallbladder cancer (GC) tissues; B: Exosomal miR-182 was highly expressed in patients
with GC; C: MiR-182 was highly expressed in GC cells; D: Reversion-inducing-cysteine-rich protein with kazal motifs (RECK) protein was highly expressed in GC
tissues; E: RECK protein was highly expressed in GC cells. aP < 0.05, bP < 0.01 vs HGBEC. cP < 0.001.

two. Therefore, we speculated that the effect of miR-182 on cell biological function
might be achieved by regulating RECK expression. In this study, the effect of RECK
on GC cells was observed by interfering with RECK expression in cancer cells by
siRNA, and the targeting relationship between miR-182 and RECK was validated by
the double luciferase reporter gene assay. The results demonstrated that the absence
of  RECK promoted cell  proliferation,  migration and invasion and inhibited cell
apoptosis; meanwhile downregulating the levels of caspase-3, caspase-9, E-cadherin,
Bax, and Bcl-2,  while upregulating N-cadherin and β-catenin. In addition, it  was
found that  luciferase  activity  of  cells  was the  lowest  when 182 mimics  were  co-
transfected with pmirGLO-RECK-wt. RECK is a protein related to cell migration and
invasion. By binding to RECK mRNA, exosomal miR-182 inhibited the expression of
RECK at the transcriptional level, resulting in increased expression of N-cadherin, β-
catenin,  MMP9  and  MMP2  in  cells,  and  enhanced  cell  migration  and  invasion.
Although studies[23-25] have reported that miR-182/RECK affects the development of
breast, bladder and prostate cancer, the role exosomal miR-182/RECK plays in GC
has not been studied. Here, we proved that, by inhibiting RECK, exosomal miR-182
could downregulate the expression levels of caspase-9, caspase-9, E-cadherin, and
Bax,  and upregulate  Bcl-2,  N-cadherin  and β-catenin,  ultimately  promoting  the
proliferation, migration, and invasion of GC cells.

The present study demonstrated that by regulating RECK, exosomal miR-182 could
promote cell proliferation, migration and invasion and inhibit apoptosis, ultimately
leading to tumor formation or metastasis, which aggravated the deterioration of GC.
Although  the  relationship  between  miR-182/RECK  and  tumor  metastasis  was
preliminarily studied, there is still room for improvement. For example, the signaling
pathways implicated in miR-182/RECK should be explored in future experimental
design to supplement the oncogenic network of exosomal miR-182. In addition, the
clinical value of exosomal miR-182 in GC remains to be discussed.

To summarize, this study investigated the effect of miR-182/RECK axis on the
biological function of GC cells by studying the expression mechanism of exosomal
miR-182 and RECK in GC. MiR-182 is highly expressed in GC cells, thereby acting on
other  cells  through  endocytosis  to  inhibit  intracellular  RECK  expression,  and
ultimately  promoting  cell  proliferation,  migration,  and  invasion.  In  addition,
exosomal miR-182 is positively correlated with tumor metastasis of GC. Therefore,
miR-182/RECK axis has potential application value in targeted therapy of GC.
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Table 2  Correlation between miR-182 and clinical features

Categories n
miR-182

χ2 P value
Low expression High expression

Gender 0.125 0.819

Male 36 17 25

Female 42 16 20

Age in yr 0.273 0.646

≤ 60 45 19 26

> 60 33 12 21

Smoking history 0.075 0.823

Yes 41 22 19

No 37 21 16

Drinking history 0.396 0.645

Yes 46 22 24

No 32 15 17

N staging 5.128 0.035

N0 25 12 13

N1/N2/N3 53 12 41

M staging 5.349 0.027

M0 22 10 12

M1 56 11 45

RECK expression

Low 31 15 16 5.246 0.028

High 47 11 36

M: Metastasis; N: Node; RECK: Reversion-inducing-cysteine-rich protein with kazal motifs.

Figure 3

Figure 3  Relationship between microRNA 182 and tumor-node-metastasis staging. A: MicroRNA 192 (miR-182) was highly expressed in the N1/N2/N3 phase;
B: Exosomal miR-182 was highly expressed in the N1/N2/N3 phase; C: MiR-182 was highly expressed in the M1 phase; D: Exosomal miR-182 was highly expressed
in the M1 phase. cP < 0.001.
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Figure 4

Figure 4  Exosomal microRNA 182 can promote cell proliferation, migration and invasion, and inhibit apoptosis and expression of reversion-inducing-
cysteine-rich protein with kazal motifs. A: Exosomal microRNA 182 (miR-182) enhanced the viability of gallbladder cancer (GC) cells; B: Exosomal miR-182
promoted cell invasion and migration; C: Effects of exosomal miR-182 on caspase 3, caspase 9, E-cadherin, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein, N-
cadherin, and β-catenin in GC cells; D: Exosomal miR-182 inhibited apoptosis; E: Exosomal miR-182 inhibited reversion-inducing-cysteine-rich protein with kazal
motifs expression. aP < 0.05, bP < 0.01, and cP < 0.001 vs the negative control (NC) group.
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Figure 5

Figure 5  Reversion-inducing-cysteine-rich protein with kazal motifs inhibited cell proliferation, migration and invasion, and promoted apoptosis. A:
Reversion-inducing-cysteine-rich protein with kazal motifs (RECK) inhibited viability of gallbladder cancer (GC) cells; B: RECK inhibited cell invasion and migration; C:
Effects of exosomal microRNA 182 on caspase 3, caspase 9, E-cadherin, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein N-cadherin, and β-catenin in GC cells;
D: RECK promoted apoptosis; aP < 0.05, and bP < 0.01 vs the negative control (NC) group.
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Figure 6

Figure 6  MiR-182 targeted inhibition of reversion-inducing-cysteine-rich protein with kazal motifs expression. A: MicroRNA 182 (miR-182) had binding sites
with reversion-inducing-cysteine-rich protein with kazal motifs (RECK) mRNA; B and C: Double luciferase reporter gene assay verified the targeting relationship
between miR-182 and RECK; D: MiR-182 was negatively correlated with RECK protein. NC: Negative control.
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Figure 7

Figure 7  Rescue experiment. A: Viability comparison of gallbladder cancer cells in each group; B: Comparison of cell invasion in each group; C: Comparison of EH-
GB1 cell-related proteins in each group; D: Comparison of apoptosis in each group. aP < 0.05 vs the negative control (NC) group. cP < 0.05, dP < 0.01, and fP < 0.001
vs exosomal microRNA 182 group.

ARTICLE HIGHLIGHTS
Research background
As the most common biliary malignancy, GC is an elderly-biased disease. Although extensive
studies have elucidated the molecular mechanism of miR-182 and RECK in various cancers, the
specific roles of exosomal miR-182 and RECK in GC remain poorly understood.

Research motivation
The expression of miR-182 and exosomal miR-182 was increased in gallbladder cancer, while
RECK decreased. Targetscan7.2 predicted RECK could bind with miR-182 via 3’UTR. RECK was
negatively correlated with miR-182.
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Research objectives
This  study was  set  out  to  explore  the  relationship between exosomal  miR-182/RECK and
metastasis of GC.

Research methods
Paired GC and adjacent normal tissues were collected from 78 patients. qPCR was employed to
detect miR-182 and exosomal miR-182 expression, and Western blot was adopted to determine
RECK expression. In addition, the effect of exosomal miR-182/RECK on the biological function
of human GC cells were observed. Moreover, double luciferase reporter gene assay was applied
to validate the targeting relationship between miR-182 and RECK.

Research results
Compared with normal gallbladder epithelial cells, miR-182 was highly expressed in GC cells,
while RECK was lowly expressed. Exosomal miR-182 could be absorbed and transferred by cells.
Exosomal miR-182 inhibited RECK expression and promoted migration and invasion of GC cells.

Research conclusions
Exosomal  miR-182  can  significantly  promote  the  migration  and  invasion  of  GC  cells  by
inhibiting RECK, and thus miR-182 can be used as a therapeutic target for GC.

Research perspectives
The signaling pathways implicated in miR-182/RECK should be explored in future experimental
design  to  supplement  the  oncogenic  network  of  exosomal  miR-182.  The  clinical  value  of
exosomal miR-182 in GC remains to be discussed.
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Abstract
BACKGROUND
Although several techniques for endoscopic ultrasound-guided biliary drainage
(EUS-BD) are available at present, an optimal treatment algorithm of EUS-BD has
not yet been established.

AIM
To evaluate the clinical utility of treatment method conversion during single
endoscopic sessions for difficult cases in initially planned EUS-BD.

METHODS
This was a single-center retrospective analysis using a prospectively accumulated
database. Patients with biliary obstruction undergoing EUS-BD between May
2008 and April 2016 were included. The primary outcome was to evaluate the
improvement in EUS-BD success rates by converting the treatment methods
during a single endoscopic session. Secondary outcomes were clarification of the
factors leading to the conversion from the initial EUS-BD and the assessment of
efficacy and safety of the conversion as judged by technical success, clinical
success, and adverse events (AEs).

RESULTS
A total of 208 patients underwent EUS-BD during the study period. For 18.8%
(39/208) of the patients, the treatment methods were converted to another EUS-
BD technique from the initial plan. Biliary obstruction was caused by
pancreatobiliary malignancies, other malignant lesions, biliary stones, and other
benign lesions in 22, 11, 4, and 2 patients, respectively. The reasons for the
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difficulty with the initial EUS-BD were classified into the following 3 procedures:
Target puncture (n = 13), guidewire manipulation (n = 18), and puncture tract
dilation (n = 8). Technical success was achieved in 97.4% (38/39) of the cases and
clinical success was achieved in 89.5% of patients (34/38). AEs occurred in 10.3%
of patients, including bile leakage (n = 2), bleeding (n = 1), and cholecystitis (n =
1). The puncture target and drainage technique were altered in subsequent EUS-
BD procedures in 25 and 14 patients, respectively. The final technical success rate
with 95%CI for all 208 cases was 97.1% (95%CI: 93.8%-98.9%), while that of the
initially planned EUS-BD was 78.8% (95%CI: 72.6%-84.2%).

CONCLUSION
Among multi-step procedures in EUS-BD, guidewire manipulation appeared to
be the most technically challenging. When initially planned EUS-BD is technically
difficult, treatment method conversion in a single endoscopic session may result
in successful EUS-BD without leading to severe AEs.

Key words: Endoscopic ultrasound; Endoscopic ultrasound-guided biliary drainage;
Interventional endoscopic ultrasound; Biliary drainage; Biliary obstruction
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Core tip: Treatment methods were converted from an initially planned endoscopic
ultrasound-guided biliary drainage (EUS-BD) technique in a single endoscopic session
in cases with difficulties. In 18.8% cases, treatment methods were converted to another
EUS-BD technique. The technical and clinical success rates were 97.4% and 89.5%,
respectively. Mild adverse events occurred in 10.5%. Final technical success rate of all
208 cases was 97.1%-much higher than that of the initially planned EUS-BD. When the
initially planned EUS-BD was technically difficult, treatment method conversion during
the single endoscopic session was likely to contribute to improvements in the technical
success of EUS-BD, without leading to serious AEs.
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INTRODUCTION
Transpapillary  biliary  drainage  under  endoscopic  retrograde  cholangiopan-
creatography  (ERCP)  is  a  standard  treatment  for  biliary  obstruction.  However,
endoscopists  encounter  technical  difficulties  with  biliary  drainage  under  ERCP
guidance  in  approximately  5%-10%  of  cases [1-3].  Even  though  percutaneous
transhepatic  biliary  drainage  (PTBD)  has  been  established  as  an  alternative  for
therapeutic relief of biliary obstruction in such situations, its morbidity and mortality
rates have been reported to be high[4-6]. For overcoming the problems associated with
PTBD, a  novel  alternative endoscopic procedure termed endoscopic ultrasound-
guided  biliary  drainage  (EUS-BD)  was  developed  in  2001  for  patients  with
unsuccessful conventional ERCP[7]. Over the past two decades, EUS-BD has attracted
significant attention and the number of patients who have received this procedure
after unsuccessful ERCP has been increasing.

At present, several EUS-BD techniques, including various approach routes and
drainage methods, have been developed[8-11].  Regarding the approach routes, two
major routes are used: The transgastric intrahepatic approach and the transduodenal
extrahepatic  approach.  Biliary drainage can usually be achieved by one of  three
drainage methods:  Transmural stenting,  antegrade stenting,  and the rendezvous
technique (EUS-RV)[8-11]. Endoscopists select one or two safe techniques with a high
probability  of  success  among  the  many  EUS-BD  techniques.  Although  patient
anatomy, underlying disease, location of the biliary stricture, and the diameter of the
intrahepatic  bile  duct  are  regarded as  important  factors  for  the  selection  of  the
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approach routes and drainage methods[9,12], the optimal treatment strategy for EUS-BD
has not yet been established. EUS-BD comprises multiple steps,  including target
puncture,  guidewire manipulation,  puncture tract  dilation,  and stent  placement.
Among  these  steps,  technical  difficulties  can  arise  in  each  approach  route  and
drainage method. However, the technically critical steps have not yet been clarified.
Furthermore, no consensus has been reached regarding troubleshooting when the
initial EUS-BD technique appears to be challenging. Thus, both the technical issues
and treatment  algorithms have  been poorly  defined in  EUS-BD,  despite  overall
technical success rates having been reported to be 90%-96%[13-17]. At our institution, we
have  attempted  to  change  the  puncture  target  or  drainage  method  in  a  single
endoscopic session upon encountering difficulty with accomplishing the initial plan.
In this study, we have analyzed the outcomes of conversion during EUS-BD and
identified technically difficult  steps in each EUS-BD technique.  We provide data
regarding the utility and safety of treatment method conversion from the initially
planned EUS-BD during a single endoscopic session.

MATERIALS AND METHODS

Patients
Patients who underwent EUS-BD between May 2008 and April 2016 were identified
from the prospectively  accumulated database of  the  Kindai  University  Hospital
(Osaka-Sayama, Japan). Among these, cases with conversion of treatment methods
from the  initial  EUS-BD plan in  the  same endoscopic  session were  extracted by
reviewing electronic medical records and endoscopic reports. The protocol employed
to perform this study was approved by the Institutional Review Board of Kindai
University Faculty of Medicine (approval number: 28-173). The following data were
retrieved  from  the  patients’  medical  records:  Patient  characteristics  (age,  sex,
performance status, underlying disease, blood tests), reasons for EUS-BD, reasons for
changing the treatment methods, and details of the endoscopic procedures, including
technical and clinical success, procedure times, and adverse events (AEs). Patients
with attempted EUS-BD were defined as those who received bile duct punctures
under EUS at least once. Patients who discontinued the study after observation with
EUS were excluded from this study. Patients enrolled in other clinical trials were also
excluded. All patients provided written informed consent before undergoing the
endoscopic procedures.

Endoscopic procedures of EUS-BD
All EUS-BD procedures were performed by endoscopists trained and experienced in
both ERCP and EUS procedures. Patients were placed in the prone position with
moderate sedation using intravenous propofol. A linear-array echoendoscope (GF-
UCT240 or 260; Olympus Medical Systems, Tokyo, Japan) was used to achieve initial
biliary access from the gastrointestinal  lumen. As described above,  the drainage
methods for EUS-BD are divided into the following: Transmural stenting, antegrade
stenting, and EUS-RV. Among those three, EUS-BD with transmural stenting can be
performed via two main access routes: EUS-guided choledochoduodenostomy (EUS-
CDS)  and  EUS-guided  hepaticogastrostomy (EUS-HGS).  In  EUS-CDS,  a  dilated
extrahepatic bile duct was visualized from the duodenal bulb and punctured using a
19-gauge  aspiration  needle.  After  cholangiography,  a  0.025-inch  guidewire
(VisiGlide2; Olympus Medical Systems, Revowave; Piolax, Yokohama, Japan) was
placed and advanced into the biliary tree, and then a tapered catheter was inserted
(StarTip V; Olympus Medical Systems, ERCP-Catheter Filiform; MTW Endoskopie,
Düsseldorf,  Germany).  The  puncture  tract  was  dilated  using  a  bougie  dilator
(Soehendra Biliary Dilation Catheter; Cook Endoscopy, Winston Salem, NC, United
States)  or  a  4-mm balloon dilator  (Hurricane  RX;  Boston Scientific  Corporation,
Natick, MA, United States) over the guidewire. Finally, a covered metal stent (8 mm
in diameter, 6 or 8 cm in length) or a double-pigtail plastic stent (7 Fr in diameter, > 6
cm in length) was deployed between the extrahepatic bile duct and the duodenal
bulb. In EUS-HGS, the dilated left intrahepatic bile duct was punctured from the
stomach using a 19-gauge needle. After inserting the guidewire into the biliary tree
and dilating the puncture site in the same manner as in EUS-CDS, a covered metal
stent (8 mm in diameter, 10 or 12 mm in length) or a double-pigtail plastic stent (7 Fr
in diameter, > 10 cm in length) was deployed between the left intrahepatic bile duct
and the stomach.

In  antegrade  stenting,  as  with  EUS-HGS,  the  left  intrahepatic  bile  duct  was
punctured from the gastrointestinal lumen. A 0.025-inch guidewire was inserted deep
into the biliary tree and was manipulated into the gastrointestinal lumen across the
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papilla or anastomosis site. To prevent bile leakage, dilation of the puncture site was
minimized with the ERCP catheter alone, given the puncture tract was temporarily
created and unsealed after stent placement. An uncovered metal stent with a thin
delivery system (8 or 10 mm in diameter, 6 or 8 cm in length) or a 7-Fr straight plastic
stent was deployed to cover the biliary stricture.

In EUS-RV, initial biliary access was achieved from the stomach or duodenum
under EUS guidance, then a 0.025-inch guidewire (Revowave, Piolax) was inserted
into the biliary tree. The guidewire was manually advanced across the ampulla and
was coiled within the duodenum. Then, the needle and the echoendoscope were
withdrawn, leaving the guidewire in place. Alongside the guidewire, a duodenoscope
(TJF-260V, Olympus Medical Systems) was inserted and the biliary cannulation was
performed with an ERCP catheter under the guidance of the EUS-placed guidewire.
After  access  to  the  bile  duct  was  achieved,  transpapillary  biliary  stenting  was
performed under  conventional  ERCP guidance.  In  the  study period,  diathermic
dilators were not used for puncture tract dilation because their use had been reported
to increase AEs[18].

Selection of initial drainage methods
In principle, ERCP has been performed in our institution as a primary biliary drainage
technique in cases of biliary obstruction. EUS-BD has been considered when initial
ERCP was unsuccessful or reintervention with ERCP was unsuccessful or ineffective.
Thus, all EUS-BD procedures have been performed as rescue biliary drainage after
failed conventional ERCP. EUS-BD is judged to be contraindicated in the following
situations: Eastern Cooperative Oncology Group performance status of 4, bleeding
tendency (prothrombin time international normalized ratio > 1.5 or < 50000 platelets),
the continuous use of antithrombotic agents, or the presence of massive ascites. The
treatment algorithm for initial EUS-BD in our institution is shown in Figure 1. The
algorithm was tentatively established, mainly based on patient anatomy, underlying
disease, and the location of the biliary stricture as described previously[9,12]. In brief,
transmural stenting was selected as an initial EUS-BD procedure when the papilla
was endoscopically inaccessible due to an anatomical issue or duodenal stricture.
EUS-HGS  was  used  as  an  initial  plan  of  EUS-BD  in  cases  with  hilar  biliary
obstruction, whereas either EUS-CDS or EUS-HGS was considered the initial plan in
distal  biliary  obstruction  with  patent  duodenal  bulb.  If  the  duodenal  bulb  was
inaccessible,  EUS-HGS  was  selected.  On  the  other  hand,  if  the  papilla  was
endoscopically accessible, EUS-RV was considered the first-choice EUS-BD technique
in cases with benign or resectable malignant biliary obstruction. In inoperable cases,
transmural  stenting  was  indicated  as  the  first  choice.  As  with  cases  with  an
inaccessible papilla, the choice of EUS-CDS or EUS-HGS for transmural stenting was
based on the site of biliary obstruction. In summary, EUS-RV or transmural stenting
with EUS-CDS or EUS-HGS were used as the first-choice drainage method for EUS-
BD in this study. Antegrade stenting was not chosen as the initial EUS-BD method.

Conversion of treatment methods in EUS-BD
When the initial  EUS-BD failed,  endoscopists selected alternative EUS treatment
methods to achieve successful biliary drainage after careful consideration of several
factors.  If  the  initial  EUS-RV had failed,  EUS-RV via  another  approach route  or
transmural stenting (EUS-CDS or EUS-HGS) could be considered as an alternative
drainage technique. When the initial EUS-HGS was unsuccessful, antegrade stenting
or EUS-CDS was considered as an alternative approach. In cases with distal biliary
obstruction, EUS-guided gallbladder drainage (EUS-GBD) was also indicated if the
gallbladder was swollen due to biliary obstruction[19]. Thus, there could be multiple
conversion techniques as an alternative to EUS-BD, and the endoscopists selected the
technique that seemed most appropriate for each case.

Study endpoints and definitions
The  primary  outcome  of  the  current  study  was  to  assess  improvements  in  the
technical and clinical success rates of EUS-BD by converting the treatment method
during a single endoscopic session. Secondary outcomes assessed reasons for the
conversion of the initial  EUS-BD and the methods that were altered; and clinical
outcomes of the secondary EUS-BD, including technical and clinical success rates,
procedure times, and AE rates. Technical success was defined as successful stent
deployment  at  the  target  site,  as  confirmed by a  combination of  endoscopy and
fluoroscopy.  Clinical  success was defined as an improvement in cholangitis  or a
decrease in serum bilirubin levels either to a normal level or reduced by more than
50% within 2 weeks following EUS-BD. AE severity was classified according to the
American Society for Gastrointestinal Endoscopy lexicon[20].
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Figure 1

Figure 1  Treatment algorithm for initial endoscopic ultrasound-guided biliary drainage in this study. ERCP:
Endoscopic retrograde cholangiopancreatography; EUS-RV: EUS-guided rendezvous technique; EUS-HGS: EUS-
guided hepaticogastrostomy; EUS-CDS: EUS-guided choledochoduodenostomy.

Statistical analysis
Continuous variables are presented as medians and ranges, and categorial variables
as numbers and percentages. The rates of technical and clinical success and AEs are
presented with a 95%CI. Statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc., Cary, NC, United States).

RESULTS

Patient characteristics
During the study period, a total of 208 patients underwent EUS-BD as rescue biliary
drainage at our institution. As an initial  EUS-BD technique, EUS-RV, transmural
stenting with EUS-CDS, and EUS-HGS were performed in 43, 52, and 113 patients,
respectively.  In  18.8%  (39/208)  of  the  cases,  the  initial  EUS-BD  technique  was
converted to a different EUS-BD technique. The initial EUS-BD technique used for the
patients who required conversion was EUS-RV in 11, EUS-CDS in 12, and EUS-HGS
in 16 patients. Demographic and clinical characteristics of this population (n = 39) are
shown in Table 1. The median patient age was 74 years (range, 40-89), and 26 were
men.  Biliary  obstructions  were  caused  by  pancreatobiliary  malignancies,  other
malignant lesions, biliary stones, and other benign lesions in 22, 11, 4, and 2 patients,
respectively. Malignant lesions in locations other than the pancreatobiliary systems
included 6 cases of gastric cancer, 4 cases of colon cancer, and 1 case of malignant
lymphoma. Two benign lesions other than biliary stones included anastomotic biliary
strictures and inflammatory biliary wall thickening.

These 39 cases consisted of 19 (48.7%) with failure of duodenal scope insertion, 5
(12.8%) with inability to access the papilla after duodenal stent placement, 11 (28.2%)
with failure of biliary deep cannulation or selection, and 4 (10.3%) with surgically
altered anatomy (Table 2). The reasons for technical difficulty with the initial EUS-BD
techniques are shown in Figure 2. Three major factors causing difficulties with the
initial  EUS-BD were noted:  Failure  of  target  puncture  (n  =  13,  33.3%),  failure  of
puncture tract dilation (n = 8, 20.5%), and failure of guidewire manipulation (n = 18,
46.2%). Thus, the proportion of patients who required conversion was 18.8% of 208
total  initial  EUS-BD  procedures.  Moreover,  target  puncture  and  guidewire
manipulation were identified as critical steps for successful initial EUS-BD.

Treatment method conversion from the initial EUS-BD
We examined final outcomes and causes of failure in patients who required treatment
conversion in terms of the initial EUS-BD procedures.

Outcomes of patients with attempted EUS-RV as the initial EUS-BD plan
EUS-RV was attempted as the initial EUS-BD in 43 (20.7%) of 208 patients. The initial
EUS-RV was successful in 30 (69.8%) patients. Among the 13 unsuccessful treatments,
2 patients were successfully treated with reattempted ERCP without considering an
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Table 1  Demographic and clinical characteristics of 39 patients who underwent treatment
method conversion from the initially planned endoscopic ultrasound-guided biliary drainage

Patient characteristics n = 39

Age, median (range), yr 74 (40-89)

Sex, male/female, n (%) 26 (66.7)/13 (33.3)

ECOG performance status, median (range) 1 (0-3)

Total bilirubin, median (range), mg/dL 6.4 (1.2-18.4)

Etiology of biliary stricture, n (%)

Malignant lesions 33 (84.6)

Pancreatobiliary cancer 22 (56.4)

Other 11 (28.2)

Benign lesions 6 (15.4)

Bile duct stones 4 (10.2)

Other 2 (5.1)

Reasons for EUS-BD, n (%)

Failure of duodenal scope insertion 19 (48.7)

Failure to access the papilla after duodenal stent insertion 5 (12.8)

Failure of biliary cannulation/selection 11 (28.2)

Surgically altered gastrointestinal anatomy 4 (10.2)

ECOG: Eastern Cooperative Oncology Group; EUS-BD: Endoscopic ultrasound-guided biliary drainage.

alternative EUS-BD. Alternative EUS-BD techniques were performed in the remaining
11 patients. Difficulty with guidewire manipulation led to unsuccessful EUS-RV in all
11 patients. Regarding the alteration of treatment methods, the puncture target was
altered in 1 (9.1%) patient,  and the drainage technique was changed from RV to
transmural stenting in the remaining 10 (90.9%) patients. EUS-RV, EUS-HGS, and
EUS-CDS were performed as the EUS-BD conversion technique in 1 (9.1%), 4 (36.4%),
and 6 (54.5%) patients, respectively (Figure 3A).

Outcomes of patients with attempted EUS-CDS as the initial EUS-BD plan
Transmural stenting with EUS-CDS was attempted as the initial EUS-BD plan in 52
(25.0%) of 208 patients. The initial EUS-CDS was successful in 40 (76.9%) patients. The
initial EUS-CDS was converted to another EUS-BD technique in the 12 unsuccessful
treatments.  Failures  in  the  initial  EUS-CDS  were  caused  by  difficulty  with  the
puncture target (n = 6, 50%), guidewire manipulation (n = 3, 25%), and puncture tract
dilation (n  =  3,  25%).  The  puncture  target  was  changed in  all  12  patients  in  the
subsequent EUS-BD procedures, including EUS-HGS (n = 8, 66.7%) and EUS-GBD (n
= 4, 33.3%). No changes in the drainage method were noted (Figure 3B).

Outcomes of patients who attempted EUS-HGS as the initial EUS-BD plan
Transmural stenting with EUS-HGS was attempted in 113 (54.3%) of 208 patients. The
initial EUS-HGS was successful in 94 (83.2%). Among the 19 unsuccessful treatments,
surgical drainage was performed in 1 patient because the stent had migrated into the
abdominal cavity during EUS-HGS. In addition, PTBD was immediately performed in
2 patients after failed initial EUS-HGS. For the remaining 16 patients, the initial EUS-
HGS was changed to an alternative EUS-BD technique. Failures in the initial EUS-
HGS were caused by difficulty with the target puncture (n  = 7, 43.8%), guidewire
manipulation (n = 4, 25%), and puncture tract dilation (n = 5, 31.3%). The puncture
target was altered in 12 (75%) patients, whereas the drainage method was altered in
the remaining 4 (25%). For patients in whom the puncture target was changed, EUS-
CDS (n = 4), EUS-HGS (n = 4), and EUS-GBD (n = 4) were performed as the alternative
EUS-BD technique.  In  1  patient,  EUS-HGS was attempted via  a  different  biliary
branch, but was unsuccessful due to difficulty with the puncture. In this case, PTBD
was performed after failed EUS-BD. For 4 patients in whom the drainage method was
changed, EUS-RV (n = 2) and antegrade stenting (n = 2) were performed (Figure 3C).

Clinical outcome and impact of alteration from initial EUS-BD methods
Technical  success  was  achieved  in  38  (97.4%)  of  39  patients  who  underwent
conversion of EUS-BD techniques in a single endoscopic session, and clinical success
was verified in 34 (89.5%) of 38 patients. In 1 patient with an unsuccessful alternative
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Table 2  Clinical outcomes of patients who underwent treatment method conversion from
initially planned endoscopic ultrasound-guided biliary drainage

Patient characteristics n = 39
1Technical success, n (%) 383 (97.4)

Median procedural time (range, min) 65 (26-115)
2Clinical success, n (%) 34 (89.5)

Adverse events (%) 4 (10.3)

Bile leakage 2 (5.1)

Bleeding 1 (2.6)

Cholecystitis 1 (2.6)

1Technical success was defined as successful stent deployment at the target site.
2Clinical success was defined as the improvement of cholangitis or a decrease in serum bilirubin levels to
normal or by ≥ 50% within 2 wk following endoscopic ultrasound-guided biliary drainage.
3In one patient, endoscopic ultrasound-guided hepaticogastrostomy (EUS-HGS) was unsuccessful due to
failed guidewire manipulation, and alternative EUS-HGS via another biliary branch was also unsuccessful
due to the difficulty in puncture. In this case, percutaneous drainage was successfully performed instead.

EUS-BD, the initial HGS failed due to difficulty with guidewire manipulation, and an
alternative HGS via another biliary branch was also unsuccessful due to difficulty
with the target  puncture.  As previously described,  this  patient  was successfully
treated with PTBD.

AEs occurred in 4 (10.3%) of 39 patients. These AEs included bile leakage (n = 2),
bleeding (n = 1), and cholecystitis (n = 1), all of which were conservatively managed.
The median procedure time was 65 min (range, 26-115 min). The overall technical
success rate, including alternative EUS-BD procedures, was 97.1% (202/208, 95%CI:
0.938-0.989) though that of the initially planned EUS-BDs was 78.8% (164/208, 95%CI:
0.727-0.842). Similarly, the clinical success rate was 74.0% (154/208, 95%CI: 0.675-
0.799) for EUS-BD with initial treatment alone, but this increased to 90.4% (188/208,
95%CI: 0.855-0.940) when alternative EUS-BD procedures were included. The rate of
AEs with the initial EUS-BD was 17.8% (37/208, 95%CI: 0.128-0.237), whereas that of
all cases, including those treated with alternative EUS-BD procedures, was 19.7%
(41/208, 95%CI: 0.145-0.258).

DISCUSSION
In  this  study,  we  retrospectively  evaluated  the  usefulness  of  treatment  method
conversion from the initial EUS-BD technique during a single endoscopic session. We
found that the conversions contributed to significant improvements in the overall
technical and clinical success of EUS-BD, regardless of the initial EUS-BD technique
used (EUS-RV, EUS-CDS, or EUS-HGS). Thus, we have found evidence that treatment
method conversion immediately after failure of initial EUS-BD can be beneficial for
patients in whom ERCP-based biliary drainage is impossible or unsuccessful. In the
subgroup analyses based on the type of initial EUS-BD technique, we found that the
success  of  EUS-BD depended upon the  management  of  the  target  puncture,  the
dilation of puncture tract, and guidewire manipulation. Given the limited data on the
conversion methods after initial EUS-BD, our results might be useful not only for
establishing the treatment algorithm but also for troubleshooting guidance in EUS-
BD.

It is generally accepted that patient anatomy, underlying diseases, and location of
the biliary stricture are important factors affecting the selection of the initial EUS-BD
technique. Along these lines, the treatment algorithm for EUS-BD in our institution
(Figure 1) is based on the accessibility of the papilla by endoscopy, the presence or
absence of malignant diseases, and the location of biliary strictures (distal or hilar).
According to this algorithm, EUS-HGS was selected as the initial EUS-BD in more
than half of the cases, and EUS-RV was the least often chosen. The technical success
rate of the initial EUS-BD was highest for EUS-HGS at 83.2%, followed by EUS-CDS at
76.9%, and lowest in EUS-RV at 69.8%. However, the ideal method as a first-choice
technique among a wide variety of EUS-BD techniques is under debate. Thus, we
emphasize that future studies are required to verify the safety and efficacy of our
tentative algorithm for EUS-BD.

Previous reviews focusing on the utility of drainage methods have shown that the
technical success rate of EUS-RV was 81%[8,21] lower than that of transmural stenting.
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Figure 2

Figure 2  Reasons for difficulties in initial endoscopic ultrasound-guided biliary drainage. CDS:
Choledochoduodenostomy; HGS: Hepaticogastrostomy; RV: Rendezvous technique.

Indeed, the success rate of EUS-RV was lower than EUS-HGS and EUS-CDS in this
study. EUS-RV is superior to transmural stenting techniques in that it preserves the
anatomical integrity of the biliary tracts without creating a permanent anastomosis.
On the other hand, EUS-RV procedures are complicated, given scope exchange and
skillful guidewire manipulation are required. Thus, the lower success rates of EUS-RV
can  be  partially  explained  by  its  complicated  procedures.  In  fact,  all  the  11
unsuccessful treatments of initial EUS-RV had difficulty with guidewire manipulation
in passing through the biliary stricture or the papilla. As shown in Figure 3A, most of
these cases were rescued by converting to transmural stenting without changing the
access route.  A recent  study has shown that  the extrahepatic  approach from the
second portion of the duodenum, called the D2 approach, had the highest technical
success  rate  because  this  route  facilitates  guidewire  manipulation[22].  However,
unsuccessful EUS-RV via this approach compels endoscopists to change the access
route in subsequent EUS-BD. Given that change of access route was unnecessary for
the success of subsequent transmural stenting in this study, we need to be cautious
about  the  selection  of  the  D2  approach.  This  idea  is  supported  by  a  novel
individualized EUS-BD algorithm based on patient anatomy[23].  In this algorithm,
Tyberg et al[23] have proposed that the intrahepatic approach should be chosen when
the intrahepatic bile duct is dilated. The extrahepatic approach needs to be considered
if  the  intrahepatic  bile  duct  is  not  dilated  or  when  the  intrahepatic  method  is
unsuccessful. From the viewpoint of troubleshooting in cases of unsuccessful initial
EUS-RV, the intrahepatic approach could be the first choice of EUS-RV for patients
exhibiting intrahepatic bile duct dilation, given this approach is easy to convert to
transmural stenting. Support for this idea comes from recent studies in which no
significant  difference  in  success  or  AE  rates  have  been  observed  between  the
intrahepatic  and extrahepatic  bile  duct  approaches[24,25].  In  any case,  our  results
provide evidence that transmural stenting is useful as a rescue EUS-BD method when
the initial EUS-RV is unsuccessful.

In  this  study,  4  cases  of  bile  duct  stones  treated with  EUS-BD were  included.
Among these 4 cases, 3 cases were converted from EUS-RV to transmural stenting. In
these cases,  the rendezvous technique via the fistula was performed after fistula
formation by transmural stenting, and the stones were successfully extracted. These
results  suggest  that  transmural  stenting  and  biliary  drainage  followed  by  the
rendezvous technique via the created fistula might be a useful treatment strategy for
patients exhibiting obstructive jaundice or cholangitis due to biliary stones[26].
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Figure 3

Figure 3  Technical outcomes of each initial endoscopic ultrasound-guided biliary drainage technique in this study. A: EUS-guided rendezvous technique; B:
EUS-guided choledochoduodenostomy; C: EUS-guided hepaticogastrostomy. EUS-RV: EUS-guided rendezvous technique; EUS-CDS: EUS-guided
choledochoduodenostomy; EUS-HGS: EUS-guided hepaticogastrostomy; EUS-AS: EUS-guided antegrade stenting; PTBD: Percutaneous transhepatic biliary
drainage.

The technical success rate of the initial EUS-CDS in this study was 76.9%, which is
lower than that  published in recent reviews[16,25].  Failures in target  puncture and
puncture  tract  dilatation comprised 75% of  the  unsuccessful  cases  in  this  study.
Currently, several useful dilators dedicated to EUS-BD have been developed, such as
a tip-tapered bougie dilator (ES Dilator; Zeon Medical Co., Tokyo, Japan)[27], a fine-
gauge  balloon  dilator  (REN  Biliary  Dilation  Catheter;  Kaneka  Co.,  Ltd,  Osaka,
Japan)[28],  and a fine-gauge electrocautery dilator (Fine 025;  Medico’s Hirata Inc.,
Osaka, Japan)[29]. Unfortunately, these useful dilators were not available during the
study period. Therefore, the lack of diathermic dilator use might have contributed to
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Figure 4

Figure 4  Technical and clinical outcomes of endoscopic ultrasound-guided biliary drainage in all 208 cases. Treatment method conversion for unsuccessful
initial EUS-BD cases improved both technical and clinical success rates. EUS-BD: EUS-guided biliary drainage; ERCP: Endoscopic retrograde
cholangiopancreatography; PTBD: Percutaneous transhepatic biliary drainage; AE: Adverse event.

the low technical success of EUS-CDS in this study. Regarding conversion from the
initial EUS-CDS technique, EUS-HGS is theoretically a good indication, and EUS-GBD
can also be a treatment option in cases with a patent cystic duct[19]. As shown in Figure
3B,  the  treatment  methods  were  converted  to  EUS-HGS  in  two-thirds  of  the
unsuccessful EUS-CDS cases.

The indications for EUS-HGS are much broader than EUS-CDS because the latter
technique is contraindicated in cases with surgically altered anatomy and duodenal
obstruction. EUS-HGS can be performed in those cases as well as in cases with distal
bile duct obstruction. In fact, more than half of the cases underwent EUS-HGS as the
initial EUS-BD in this study. Regarding troubleshooting for unsuccessful initial EUS-
HGS, it  is difficult to select the optimal conversion treatment method among the
following: Rechallenge of EUS-HGS on another bile duct branch, change of puncture
target from the intrahepatic bile duct to the extrahepatic bile duct or gallbladder, or
change  of  drainage  methods  to  EUS-RV  or  antegrade  stenting.  Selection  of  the
treatment methods requires careful consideration of a combination of factors, such as
patient anatomy, underlying disease, and the location of the biliary stricture. Even in
the presence of the influential factors described above, the selection of the intrahepatic
approach as the initial EUS-BD allows us to perform transmural stenting, antegrade
stenting, and EUS-RV without changing the puncture route. Although some studies
have shown a higher incidence of AEs with the intrahepatic approach than that in the
extrahepatic[30,31],  a  recent meta-analysis  found no difference[24].  Considering that
various dedicated devices for EUS-BD are available and the safety of EUS-BD has
been confirmed, giving priority to the intrahepatic approach might be acceptable from
the  viewpoint  of  ease  of  conversion.  A  recent  study  proposed  the  algorithm of
conversion from the intrahepatic to the extrahepatic approach after unsuccessful
intrahepatic drainage based on 2 cases of this conversion[24]. Along the lines of this
small case study, our results could provide further clinical evidence of the usefulness
of the conversion technique to select in cases of initial failure of EUS-HGS.

There  are  some  limitations  in  this  study.  First,  it  was  a  retrospective  study
conducted in a  single  center  with a  relatively small  number of  patients.  Second,
selection bias might have occurred due to the nonrandomized nature of the study,
although the EUS-BD treatment algorithm was established to minimize the selection
bias. Third, lumen-apposing metal stents (LAMSs) were not used in this study. Recent
studies have described the efficacy and safety of LAMSs for EUS-BD procedures, and
LAMSs are increasingly applied in EUS-BD[32-34]. The advantage of the LAMSs is a
reduction in the risk of stent migration and bile leakage, given they facilitate the
creation  of  a  sealed  transmural  conduit  between  the  drainage  lumen  and  the
gastrointestinal tract. Unfortunately, LAMSs were not commercially available in Japan
during the study period.

In conclusion, target puncture, puncture tract dilation, and guidewire manipulation
are 3 major procedural steps associated with failure of initial EUS-BD. Among the 3
steps, guidewire manipulation is the most technically challenging aspect, especially in
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the  EUS-RV  technique.  To  date,  no  consensus  for  the  choice  of  initial  EUS-BD
technique has been reached. Given the high success rate in this study, when initially
planned EUS-BD is difficult, treatment method conversion during a single endoscopic
session appears to be feasible and safe. Further multicenter and prospective studies
with  a  larger  cohorts  are  necessary  to  confirm  the  suitability  and  utility  of  the
conversion to another EUS-BD technique from the initial one.

ARTICLE HIGHLIGHTS
Research background
Since it was initially described in 2001, endoscopic ultrasound-guided biliary drainage (EUS-BD)
has been developed as an alternative therapeutic technique for biliary obstruction. Although
many EUS-BD techniques are available, the optimal algorithm of EUS-BD techniques has not yet
been well established.

Research motivation
To  date,  limited  data  are  available  on  troubleshooting  when  the  initial  EUS-BD  plan  is
challenging. When it was difficult to accomplish the initial EUS-BD procedure, we attempted to
convert the puncture target or drainage method in the same endoscopic session.

Research objectives
This study aimed to evaluate the usefulness of converting the treatment methods during a single
endoscopic session for difficult cases in initially planned EUS-BD.

Research methods
Patients with biliary obstruction undergoing EUS-BD between May 2008 and April 2016 in a
single  tertiary-care  center  were  retrospectively  reviewed  based  on  our  prospectively
accumulated database.

Research results
During the study period, 208 patients underwent EUS-BD. In 18.8% of the patients, the treatment
methods were converted from the initial plan. The technical and clinical success rates of the
conversion cases were 97.4% and 89.5%, respectively. The rate of AEs was 10.3% and all were
graded  as  mild.  Puncture  target  and  drainage  technique  were  altered  in  25  and  14  cases,
respectively. The final technical success rate of all  the 208 cases was 97.1%, and that of the
initially planned EUS-BD was 78.8%.

Research conclusions
When initially planned EUS-BD is technically challenging, alteration of treatment methods
during the single endoscopic session contributed to improvements in the technical success of
EUS-BD, without incurring serious AEs.

Research perspectives
Future, multicenter, and prospective studies with larger cohorts are necessary to confirm the
suitability and utility of converting the treatment methods in the same endoscopic session from
the initially planned EUS-BD technique.
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Abstract
BACKGROUND
In clinical practice, the diagnosis is sometimes difficult with contrast-enhanced
ultrasound (CEUS) when the case has an atypical perfusion pattern. Color
parametric imaging (CPI) is an analysis software for CEUS with better detection
of temporal differences in CEUS imaging using arbitrary colors. It measures the
differences in arrival time of the contrast agent in lesions so that the perfusion
features of atypical hemangioma and colorectal cancer (CRC) liver metastasis can
be distinguished.

AIM
To evaluate the role of a novel type of CPI of CEUS in the differential diagnosis of
atypical hemangioma from liver metastases in patients with a history of CRC.

METHODS
From January 2016 to July 2018, 42 patients including 20 cases of atypical
hemangioma and 22 cases of liver metastases from CRC were enrolled. These
patients had a mean age of 60.5 ± 9.3 years (range: 39-75 years). All patients
received ultrasound, CEUS and CPI examinations. Resident and staff radiologists
independently and retrospectively reviewed CEUS and CPI images. Two sets of
criteria were assigned: (1) Routine CEUS alone; and (2) CEUS and CPI. The
diagnostic sensitivity, specificity, accuracy and receiver operating characteristic
(ROC) curve of resident and staff radiologists were analyzed.
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RESULTS
The following CPI features were significantly different between liver
hemangioma and liver metastases analyzed by staff and resident radiologists:
Peripheral nodular enhancement (65%-70.0% vs 4.5%-13.6%, P < 0.001, P = 0.001),
mosaic/chaotic enhancement (5%-10% vs 68.2%-63.6%, P < 0.001, P < 0.001) and
feeding artery (20% vs 59.1%-54.5%, P = 0.010, P = 0.021). CPI imaging offered
significant improvements in detection rates compared with routine CEUS in both
resident and staff groups. By resident radiologists, the specificity and accuracy of
CEUS+CPI were significantly increased compared with that of CEUS (77.3% vs
45.5%, P = 0.030; 78.6% vs 50.0%, P = 0.006). In addition, the area under the curve
(AUC) of CEUS+CPI was significantly higher than that of CEUS (0.803 vs 0.757, P
= 0.036). By staff radiologists, accuracy was improved in CEUS+CPI (81.0% vs
54.8%, P = 0.010), whereas no significant differences in specificity and sensitivity
were found (P = 0.144, P = 0.112). The AUC of CEUS+CPI was significantly
higher than that of CEUS (0.890 vs 0.825, P = 0.013) by staff radiologists.

CONCLUSION
Compared with routine CEUS, CPI could provide specific information on the
hemodynamic features of liver lesions and help to differentiate atypical
hemangioma from liver metastases in patients with CRC, even for senior
radiologists.

Key words: Color parametric imaging; Contrast enhanced ultrasound; Liver hemangioma;
Liver metastases

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Features of atypical hemangioma and liver metastases on routine contrast-
enhanced ultrasound are complicated. Color parametric imaging is a new approach that
provides specific information on hemodynamic features. The following color parametric
imaging features were significantly different between atypical liver hemangioma and
liver metastases analyzed by staff and resident radiologists: Peripheral nodular
enhancement, mosaic/chaotic enhancement and feeding artery. These findings could help
radiologists and even senior radiologists with better identification of the diseases.

Citation: Wu XF, Bai XM, Yang W, Sun Y, Wang H, Wu W, Chen MH, Yan K.
Differentiation of atypical hepatic hemangioma from liver metastases: Diagnostic
performance of a novel type of color contrast enhanced ultrasound. World J Gastroenterol
2020; 26(9): 960-972
URL: https://www.wjgnet.com/1007-9327/full/v26/i9/960.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i9.960

INTRODUCTION
Sonography is the most common imaging modality to detect focal hepatic lesions, but
its  diagnostic  ability  to  differentiate  between  benign  and  malignant  lesions  is
comparatively low. Many studies have shown that contrast-enhanced sonography
(CEUS) with low–mechanical index techniques could provide important information
about tissue perfusion and vascularity architecture and improve the differential
diagnosis in focal hepatic lesions[1-3]. However, the diagnosis is difficult with CEUS
when the case has an atypical perfusion pattern.

On CEUS,  the  typical  feature  of  liver  hemangioma is  peripheral  nodular  and
centripetal  enhancement  during  the  arterial  phase  followed  by  hyper-  or
isoenhancement during the portal venous and late phases[4-7]. In contrast, the feature
of liver metastases is complete or rim-like hyperenhancement during the arterial
phase followed by hypoenhancement in the portal venous and late phase. There were
different perfusion patterns between the two diseases. However, hemangioma also
has an atypical pattern on CEUS, such as rapid homogeneous hyperenhancement in
arterial phase like malignant tumors or lack of enhancement in the center, which may
be misinterpreted as wash out[8-10].  The atypical  pattern makes the differentiated
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diagnosis quite difficult from liver metastases, especially in patients with a previous
history of malignant tumor. In our center, we misdiagnosed several lesions of atypical
hemangioma as liver metastases on CEUS in patients with a history of colorectal
cancer (CRC). Consequently, these patients received unnecessary surgical resection
for these lesions. These misdiagnosed cases encouraged us to explore a better way to
differentiate between them.

Color parametric imaging (CPI) is an image analysis software for CEUS with better
detection of temporal differences in CEUS imaging using arbitrary colors. It measures
the differences in arrival time of the contrast agent between the target region and
reference points determined arbitrarily at a structure in the liver such as the hepatic
artery and portal vein. The arrival time was defined as zero and represented the time
differences in different colors. A few studies demonstrated that CPI was useful in the
diagnosis  of  hepatic  parenchymal  diseases[11,12]  and  in  identifying  spoke-wheel
patterns of FNH[13]. To our knowledge, this is the first study to analyze whether CPI
could provide useful information to differentially diagnose atypical hemangioma and
liver metastases.

The aim of this study was to evaluate the role of CPI in the differential diagnosis of
atypical hemangioma and liver metastases and the diagnostic performance of staff
and resident radiologists.

MATERIALS AND METHODS

Patients
This retrospective study was approved by the Institutional  Review Board of  the
Peking University School of Oncology, and written informed consent was waived.
From January 2016 to July 2018, a total of 1468 consecutive patients with focal liver
lesions  were  referred  to  our  department  for  CEUS  examinations.  Of  the  109
hemangioma cases, 23 cases had atypical CEUS patterns and previous CRC histories,
which were difficult to exclude from liver metastasis. During the same period, 480
patients with suspected liver metastasis from CRCs were diagnosed based on CEUS.
Because there were much more liver metastasis cases (n =  480) than hemangioma
cases (n = 20), we randomly selected 24 cases from the liver metastasis pool according
to a 1:20 proportion. If patients had more than one lesion, the largest and most clearly
presented lesion was chosen for CPI evaluation. Five patients who had deep breath
during  the  arterial  phase  and  poor  imaging  quality  were  excluded.  Finally,  20
hemangiomas and 22 liver metastases were entered into this retrospective study
(Figure 1).

According to the liver CEUS guidelines[14] and other studies[10], the atypical pattern
of CEUS for hemangioma included rapid homogeneous hyperenhancement at the
arterial phase and hypoenhancement at the portal/late phase and peripheral nodular
enhancement at the arterial phase and lack of enhancement in the center at the late
phase.  The CEUS pattern for liver metastasis  included hyperenhancement at  the
arterial phase and washout at the late phase or rim-like enhancement at the arterial
phase and a nonenhancement area at the late phase. Among the 22 patients with liver
metastasis, the final diagnosis was confirmed by pathologic analysis of specimens
obtained via US-guided percutaneous biopsy (n = 16) or surgical resection (n = 6).
Among the 20 hemangiomas, the final diagnosis was based on either pathological
results (n =  9) or contrast-enhanced computed tomography or contrast-enhanced
magnetic  resonance  imaging  findings  with  at  least  one  year  follow-up (n =  11).
Among the 42 patients, 19 were male and 23 were female. The average age was 60.5 ±
9.3 years (range: 39-75 years). The mean size of liver lesions was 3.2 ± 1.8 cm (range:
1.3-11 cm).

Ultrasound examination machine and technique
A Logiq E9 ultrasonic machine (GE Healthcare, Milwaukee, WI, United States) was
used  with  a  C1-5  convex  probe  to  obtain  routine  US  and  CEUS  images.  The
ultrasound contrast agent was SonoVue (Bracco, Milan, Italy). Lyophilized SonoVue
powder was dissolved in 5 mL saline. Bolus injection (2 mL the suspension) was
performed at the antecubital vein via a 20G cannula within 2-3 s, followed by a 5-mL
saline flush.

Before the examination, the patients were required to lie in the left lateral position
or supine position and breathe steadily. The liver lesions were scanned and located
using routine US. The echogenicity, diameter, border, morphology, necrosis, halo sign
and vessels were observed. It was defined as necrosis in ultrasound imaging if there
was an anechoic area within the lesions, clear boundaries, and color Doppler flow
imaging showed no blood flow within the anechoic area. The halo sign was defined as
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Figure 1

Figure 1  Flow diagram of the study population. CPI: Color parametric imaging; FLL: Focal liver lesions, CEUS:
Contrast enhanced ultrasound.

a hypoechoic rim found around the solid mass with a distinct difference between the
lesion and the surrounding liver.  At  least  two vessels  inside the lesion on color
Doppler flow imaging indicated rich flow.

Then, the contrast mode was entered. The imaging settings, such as gain, depth,
and focus, were optimal. The mechanical index was set at 0.11-0.13. After injecting
contrast agent, the liver was scanned using contrast-enhanced harmonic grayscale
sonography, and timer was initiated simultaneously. The dynamic blood perfusion of
lesions was observed from baseline to the late phase. Consecutive cine clips (90 s each)
were recorded and stored on the hard disk for further analysis. The enhancement
phases were divided into the arterial phase (10-30 s), portal vein phase (31-120 s), and
late phase (120-360 s) after injection of contrast agent. The same ultrasound machine
with the procedure software of parametric imaging was used to obtain CPI.

CEUS and CPI imaging analysis
Two  resident  radiologists  (W.  X.  F.  and  W.  H.)  each  with  at  least  one  year  of
experience in the evaluation of liver CEUS images as well as two staff radiologists (Y.
W. and W. W.) each with at least 10 years of experience in the liver CEUS images
retrospectively read all the CEUS and CPI images independently. Two radiologists at
the same level retrospectively interpreted the CEUS images without knowledge of the
patients’  final  diagnosis.  In  all  cases,  consensus  agreement  between  the  two
radiologists  was  used  to  determine  the  CEUS  feature  and  possible  diagnosis.
According to CEUS guidelines[14], the enhancement patterns at the arterial phase to
portal phase of liver lesions included four patterns: Peripheral nodular enhancement
(peripheral  focal  enhancement in the arterial  phase,  progressing in a  centripetal
direction to partial fill-in.), rim-like enhancement (peripheral enhancement in the
arterial  phase,  without  gradual  fill-in.),  homogenous  hyperenhancement,  and
heterogeneous enhancement.

All  of  the  CEUS  images  of  the  arterial  phase  were  reconstructed  with  the
Parametric Imaging program using a Logiq E9 XD Clear ultrasonic machine (GE
Healthcare, Milwaukee, WI, United States). The CEUS video clips were reviewed to
record the starting and ending points of lesion enhancement. In the CPI system, time
zero was regarded as the point at which the contrast agent reached the liver, and the
arrival time was then calculated between the current time and time zero. If the time
zero was set at the time when contrast agent was injected, the arrival time of contrast
agent at each pixel could be calculated. Thus, the color map consisted of individual
pixels representing the arrival time of the contrast agent in the tumor. The residents
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and staff radiologists read all the CPI images blindly and independently. The CPI
enhancement patterns of  liver  lesions were summarized and classified into four
patterns:  (1)  Peripheral  nodular  enhancement  (round  or  semicircle  shaped
enhancement visualized at the peripheral area of lesions and no enhancement in the
center);  (2)  Peripheral  rim-like  enhancement  (peripheral  enhancement  without
nodular or regular shape); (3) Concentric circle enhancement (multiple circles with the
same center);  and (4)  Mosaic  enhancement (enhancing lines of  the vascular  tree,
defined as one or more hypertrophic tortuous arteries that reached the edge of the
lesion, partially encircling the nodule and penetrating internally with a basket or
chaotic distribution) (Figure 2). The feeding artery, defined as a hypertrophic artery
that was directed toward the lesion and was larger than the branches at the same
depth during the arterial phase, was red in the central area, which was surrounded by
yellow, or was a scattered distribution of red and yellow (Figure 2).  In all  cases,
consensus agreement between the two radiologists was used to determine the CPI
feature and possible diagnosis.

In the training, both staff and resident radiologists were required to review all 20
cases of hemangioma and liver metastasis with typical CEUS and CPI features. CEUS
and CPI diagnoses were scored using a 5-point scale: 1 = hemangioma with strong
evidence, 2 = possible hemangioma, 3 = undetermined, 4 = possible liver metastasis,
and 5= liver metastasis with strong evidence.

The arrival time of the contrast agent after injection could be displayed at any point
of CPI. The arrival time of a lesion was defined as the arrival time of the earliest color
point in the lesion, and the peak time was regarded as the arrival time of the last color
point in the lesion. The peak time of CPI was regarded as the time point where the
brightest color was in the lesion. AT was regarded as the difference in peak time and
arrival time of CPI of atypical hemangioma or liver metastasis.

Statistical analysis
SPSS 21.0 statistical software was used for statistical analysis. The quantitative data
are displayed as the mean ± SD and were compared by t test. The Kappa test was
used to analyze the interrater agreement between the staff and resident radiologists.
The agreement was graded as follows: Moderate (0.2-0.39), fair (0.40-0.59), good (0.60-
0.79), and perfect (0.80-1.0) agreement. The diagnostic sensitivity, specificity, and
accuracy between CEUS and CPI patterns were compared by the McNemar test. The
count data were analyzed using χ2 test and Fisher’s exact test. A P value less than 0.05
was considered statistically significant.

RESULTS

Routine CEUS patterns of liver atypical hemangioma and liver metastases
The  routine  CEUS  features  of  liver  atypical  hemangioma  and  liver  metastases
analyzed by staff and resident radiologists are shown in Table 1.

The CEUS features of peripheral nodular enhancement were observed during the
arterial phase more frequently in patients with atypical hemangioma than in those
with metastasis (P = 0.003) by staff radiologists. The CEUS features of heterogeneous
hyperenhancement  were  observed  during  the  arterial  phase  significantly  more
frequently in patients with metastasis than in those with atypical hemangioma by
staff radiologists (P = 0.023). However, the perfusion patterns detected by resident
radiologists were not as sensitive as those detected by staff radiologists (Table 1). The
features of peripheral nodular enhancement and heterogeneous hyperenhancement
for  resident  radiologists  were  not  significantly  different  between  atypical
hemangioma and metastasis (P = 0.052, P = 0.096). The feeding arteries for the staff
and resident radiologists were at a power of 25%–45.5%.

CPI features of liver atypical hemangioma and liver metastases
The CPI features of liver atypical hemangioma and liver metastases analyzed by staff
and resident radiologists are shown in Table 2.

The CPI features of peripheral nodules were observed during the arterial phase
more frequently in patients with atypical hemangioma than in those with metastasis
by both groups of radiologists (65%-70.0% vs  4.5%-13.6%, P < 0.001, P = 0.001). In
addition, the CPI features of mosaic enhancement (5%-10% vs 68.2%-63.6%, P < 0.001,
P < 0.001) and feeding artery (20% vs 59.1%-54.5%, P = 0.010, P = 0.021) were found
during the arterial phase more frequently in patients with metastasis than in those
with atypical hemangioma by both groups of radiologists. The feeding arteries for the
staff and resident radiologists were at a power of 20%–59.1%. CPI imaging offered
significant improvements in detection rates compared with routine CEUS signs in
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Figure 2

Figure 2  color parametric imaging patterns of liver atypical hemangioma and liver metastases. First line was sketch figures for the four enhancement patterns
of color parametric imaging. Second line was representative routine contrast-enhanced ultrasound images corresponding to the four enhancement patterns. Third line
was representative color parametric images corresponding to the four patterns. A: Peripheral nodular enhancement; B: Peripheral rim-like with feeding artery (▲); C:
Concentric circles enhancement; D: Mosaic enhancement with feeding artery (▲).

both groups.

Consistency of CEUS and CPI features between staff and resident radiologists
The  consistency  of  CEUS  and  CPI  between  staff  and  resident  radiologists  was
analyzed  (Table  3).  With  regard  to  CEUS  features  found  by  staff  and  resident
radiologists,  the  diagnostic  consistency  in  homogenous  hyperenhancement  and
heterogeneous enhancement was perfect (k  = 0.835, k  = 0.804), and the diagnostic
consistency in peripheral nodular enhancement and rim-like enhancement was good
(k = 0.602, k = 0.692).

With regard to CPI features found by staff and resident radiologists, the diagnostic
consistency in peripheral nodular enhancement and mosaic enhancement was perfect
(k  =  0.885,  k  =  0.803),  and  the  diagnostic  consistency  in  peripheral  rim-like
enhancement and concentric circle enhancement was good (k = 0.713, k = 0.760).

Diagnostic confidence scoring by CPI and CEUS imaging
The diagnostic confidence scoring of lesions by staff  and resident radiologists  is
summarized  in  Figure  3.  There  were  significant  differences  in  the  final  score
distribution  between  the  two  methods.  The  number  of  3-score  (undetermined
diagnosis) in CEUS was obviously higher than that in CPI by both the groups of staff
(45.2% vs 4.8%, P < 0.001) and resident radiologists (35.7% vs 7.1%, P = 0.001).

Diagnostic performance of CEUS and CPI in staff and resident radiologists
The diagnostic performance of CEUS and CPI by staff and resident radiologists is
shown in Table 4.

By resident radiologists, the specificity of CEUS+CPI was significantly increased
compared with that of CEUS (77.3% vs 45.5%, P = 0.030). The sensitivity of CEUS+CPI
was higher than that of CEUS, but the differences were not significant (80.0% vs
55.0%,  P  =  0.456).  The  accuracy  of  CEUS+CPI  was  significantly  higher  than the
accuracy of CEUS (78.6% vs 50%, P = 0.006). Additionally, the AUC of CEUS+CPI was
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Table 1  Comparison of routine contrast enhanced ultrasound features between atypical
hemangioma and liver metastasis

CEUS
Staff Resident

H (n = 20) M (n = 22) P value H (n = 20) M (n = 22) P value

Peripheral nodular 10 (50) 2 (9.1) 0.003 8 (40) 3 (13.6) 0.052

Peripheral rim-like 6 (30) 5 (22.7) 0.592 8 (40) 4 (18.2) 0.118

Homogenous hyper 2 (10) 6 (27.3) 0.135 3 (15) 9 (40.9) 0.063

Heterogeneous hyper 2 (10) 9 (40.9) 0.023 1 (5) 6 (27.3) 0.096

Feeding artery 6 (30) 10 (45.5) 0.303 5 (25) 8 (36.4) 0.426

Numbers in parentheses are percentages. The difference between peripheral nodular enhancement and
heterogeneous enhancement of contrast enhanced ultrasound patterns were observed (P = 0.003, P = 0.023) in
staff group. CEUS: Contrast enhanced ultrasound; H: Hemangioma; M: Metastasis.

significantly higher than that of CEUS (AUC = 0.803 vs AUC = 0.757, P = 0.036).
By staff radiologists, accuracy was improved in CEUS+CPI (81.0% vs 54.8%, P =

0.010), whereas no significant differences in specificity and sensitivity were found (P =
0.144, P = 0.112). The AUC of CEUS+CPI was significantly higher than the AUC of
CEUS (0.890 vs 0.825, P = 0.013) by staff radiologists.

Comparison of the AT of CPI between atypical hemangioma and liver metastasis
The comparison of the AT of CPI between atypical hemangioma and liver metastasis
is summarized in Figure 4. The difference in peak time and arrival time of CPI of
atypical hemangioma was significantly longer than that of liver metastasis (8.31 ± 3.05
s vs 5.13 ± 0.99 s, P < 0.001).

DISCUSSION
Ultrasonography is useful for the diagnosis of hepatic focal lesions, which is based on
their distinctive echogenicities—the grayscale morphologic features. The development
of  ultrasound  contrast  agents  provided  us  with  more  information  about  tissue
perfusion and helped to  improve diagnostic  accuracy,  particularly  in  focal  liver
lesions (FLLs)[15-17].  Compared with first-generation agents, the second-generation
ultrasound contrast agent SonoVue consisting of sulfur hexafluoride microbubbles
(Bracco,  Milan,  Italy)  has  a  high  flexibility  shell  and  is  more  stable  to  acoustic
pressure. SonoVue microbubbles produce a longer duration and stable continuous
nonlinear harmonic signal when insonated with low acoustic power. With SonoVue,
we  could  acquire  important  information  on  both  the  macrovasculature  and
microvasculature  and  then  evaluate  the  flow  dynamic  features  of  FLLs  in  real
time[18-21]. Many studies have reported the typical or atypical features of different liver
tumors  in  CEUS  performance,  and  many  clinical  centers  and  guidelines  have
recommended a diagnostic criterion of FLLs using CEUS in clinical practice[18,22,23].

It was reported that the incidence of hemangioma in the general population varies
from 0.4% to 20%[24], the latter resulting from a thorough prospective search of the
liver  in  an  unselected  autopsy  series.  CEUS  imaging  of  hemangioma  can  be
performed during the vascular phase assessing the dynamic enhancement pattern and
the vascular morphology of the lesion[25]. Moreover, the majority of hemangiomas
presents as peripheral nodular or rim enhancement at arterial phase with centripetal
progression in portal venous and late phase on CEUS. However, some cases had the
atypical pattern of CEUS for hemangioma as hyperenhancement during the arterial
phase or have nonenhancement area at portal and late phases, which often caused
various misdiagnoses, including malignant liver tumors. When the case had a history
of malignant tumors, it was a challenge to differentiate the atypical hemangioma from
liver  metastasis.  As  the  treatments  for  these  diseases  are  completely  different,
misdiagnosis might result in the unnecessary traumatic resection of benign lesions or
miss the opportunity for radical resection of malignant lesions. In our center, 7 cases
of atypical hemangioma with a history of colon-rectal cancer had been misdiagnosed
as liver metastasis on CEUS and received unnecessary surgical  resection of liver
lesions before we started this study. These misdiagnosed cases encouraged us to carry
out the present study. This study mainly assessed the value of the combination of
CEUS and CPI for differentiating hemangioma and liver metastases.

In our study, the CEUS feature of atypical hemangioma included homogenous
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Table 2  Comparison of color parametric imaging features between atypical hemangioma and
liver metastasis

CPI
Staff Resident

H (n = 20) M (n = 22) P value H (n = 20) M (n = 22) P value

Peripheral nodular1 14 (70.0) 1 (4.5) < 0.001 13 (65.0) 3 (13.6) 0.001

Peripheral rim-like 2 (10.0) 6 (27.3) 0.152 3 (15.0) 4 (18.2) 0.556

Concentric circles1 3 (15.0) 0 (0) 0.099 2 (10.0) 1 (4.5) 0.463

Mosaic/ chaotic. 1 (5.0) 15 (68.2) <0.001 2 (10.0) 14 (63.6) < 0.001

Feeding artery 4 (20) 13 (59.1) 0.010 4 (20) 12 (54.5) 0.021

Numbers in parentheses are percentages.
1The difference between peripheral nodular,Mosaic/chaotic enhancement and feeding artery of CPI patterns
were observed (P < 0.001, P < 0.001, P = 0.010) in staff group and (P = 0.001, P < 0.001, P = 0.021) in resident
group. CPI: Color parametric imaging; H: Hemangioma; M: Metastasis.

hyperenhancement/rim-like  enhancement  during  the  arterial  phase  and
nonenhancement during the late phase, and these appearances might also be found in
liver metastasis. Thus, the similar manifestations made it difficult for radiologists to
differentiate them. The newly developed technique of CPI offered a more objective
color-coded  map  to  display  FLL  dynamic  perfusion,  which  can  provide  more
information for differential diagnosis. Parametric images could quantify the dynamic
procedure  of  CEUS and then evaluate  the  vascular  architecture  in  lesions  more
objectively than the regular CEUS review[23]. One of the CEUS shortcomings was that
CEUS  could  not  detect  tiny  changes  in  contrast  agent  dynamics  due  to  rapid
monochromatic enhancement of small lesions or lesions that were enhanced very
shortly. In this line, CPI could overcome the disadvantage of conventional CEUS
because CPI has higher ability to demonstrate temporal changes in contrast-enhanced
imaging findings. Therefore, CPI has better potential for detecting concentric circles or
peripheral nodular enhancement of hemangioma and mosaic enhancement of liver
metastasis.

Since the application period was short after the CPI technique was put to market,
there were only a few clinical reports[26-28]. Some researchers indicated that CPI using
Sonazoid as a contrast agent was better for detecting spoke-wheel patterns of FNH
less than 3 cm in size[13]. In Li et al[28]’s study, the diagnostic sensitivity, specificity,
accuracy, PPV, and NPV of CPI for atypical hepatocellular carcinoma from focal
nodular hyperplasia were higher than those of CEUS only. They concluded that the
newly developed technique of  CPI  offered a  more objective  color-coded map to
display focal liver lesion dynamic perfusion and greatly improved the differentiation
of focal liver lesions, especially in the resident radiologist group. To our knowledge,
our study is the first report on the role of CPI in the differential diagnosis of atypical
hemangioma  and  liver  metastasis.  In  our  study,  CPI  improved  the  diagnostic
performance in the resident group. The diagnostic specificity and accuracy rate of the
combination CPI and CEUS (77.3% and 78.6%, respectively) were significantly higher
than those of CEUS alone (45.5% and 50.0%, respectively) in the resident group. The
accuracy rate of the combination (81.0%) was also higher than that of CEUS alone
(54.8%) in the staff group. Our data indicated that the differential diagnosis of atypical
hemangioma  and  liver  metastasis  was  still  challenging,  even  for  experienced
radiologists, and CPI provided a very useful tool to improve diagnosis.

Our  study  showed  that  the  3-score  (undetermined  diagnosis)  in  CEUS  was
obviously higher than that in CPI+CEUS in both the staff group (45.2% vs 4.8%, P <
0.001) and in the resident group (35.7% vs 7.1%, P = 0.001). Our data confirmed that
the application of CPI significantly increased the diagnostic confidence of focal liver
lesions compared with CEUS, and the number of  undetermined cases decreased
greatly compared with CEUS. CPI can display the color-coded imaging of regional
flow dynamics based on the arrival time parameter. The color map emphasized the
difference in perfusion viscosity of lesions and revealed the features of blood flow
perfusion and pathological  structures.  On CPI  imaging,  we found that  the  flow
perfusion gradually filled from the peripheral area to the center of the hemangioma.
Additionally, the visualization of tumor vessels, such as mosaic enhancement, was
made possible by CPI. The clear depiction of tumor microvascular structures provides
a clue for the diagnosis of liver metastasis.

In addition to consensus review by two readers from each group, we found that
inter-reader agreement between the staff and resident radiologists for CEUS and CPI
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Table 3  Inter-reader agreement of contrast enhancement ultrasound and color parametric
imaging feature between staff and resident radiologists

Feature Kappa value

CEUS

Peripheral nodular enhancement 0.602 ± 0.142

Peripheral Rim-like enhancement 0.692 ± 0.127

Homogenous hyper-enhancement 0.835 ± 0.064

Heterogeneous enhancement 0.804 ± 0.132

CPI

Peripheral nodular enhancement 0.885 ± 0.079

Peripheral rim-like enhancement 0.713 ± 0.177

Concentric circles enhancement 0.760 ± 0.112

Mosaic enhancement 0.803 ± 0.134

Data are mean ± SD. CEUS: Contrast enhancement ultrasound; CPI: Color parametric imaging.

imaging was good. With regard to CEUS features by staff and resident radiologists,
the diagnostic consistency in homogenous hyperenhancement and heterogeneous
enhancement was perfect (k  = 0.835, k  = 0.804),  and the diagnostic consistency in
peripheral nodular enhancement and rim-like enhancement was good (k = 0.602, k =
0.692). For CPI features by staff and resident radiologists, the diagnostic consistency
in peripheral nodular enhancement and mosaic enhancement was perfect (k = 0.885, k
=  0.803)  and  the  diagnostic  consistency  in  concentric  circle  enhancement  and
peripheral  rim-like enhancement was good (k  = 0.760,  k  = 0.713).  These findings
showed that CPI imaging could provide an objective tool to improve the learning
curve.

This  study  has  several  limitations.  First,  the  comparative  analysis  was  from
retrospective research. Second, the sample size was small to show the benefits in some
of  the  subgroup  analyses.  Because  patients  with  atypical  CEUS  patterns  of
hemangioma accounted for a small percentage of the regular patient population, only
20 cases were enrolled in this study during the 3-year period. Third, a score of 3 was
classified as undetermined diagnosis or diagnosed errors, reducing the diagnostic
performance  of  CEUS and CPI.  Finally,  the  application  of  CPI  requires  specific
hardware,  and software standardization of  the  conditions  of  examination needs
further improvement in the future.

In the present study, we used SonoVue as a contrast agent together with color
parameter imaging of the liver lesion. Compared to CT imaging, low-MI CEUS has
several  advantages,  including no ionizing radiation,  real-time imaging and low
cost[29,30].  However,  multiple  imaging  modalities  and  referring  to  the  results  of
laboratory examinations and needle biopsy are still required for final diagnosis when
necessary.

In conclusion, compared with CEUS, CPI could provide specific information on the
hemodynamic features of liver lesions and help to differentiate atypical hemangioma
from liver metastases, for both staff and resident radiologists. CPI is useful especially
for radiologists with less CEUS experience. It is anticipated that in the future, new
methods of contrast ultrasonography will gain importance.
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Table 4  Diagnostic performance of contrast enhancement ultrasound and color parametric imaging by staff and resident radiologists (%)

Criteria Sensitivity P value Specificity P value Accuracy P value AUC P value

Resident

CEUS 55.0 (11/20) 0.456 45.5 (10/22) 0.030 50.0 (21/42) 0.006 0.757 0.036

CEUS+CPI 80.0 (16/20) 77.3 (17/22) 78.6 (33/42) 0.803

Staff

CEUS 65.0 (13/20) 0.144 54.5 (12/22) 0.112 54.8 (23/42) 0.010 0.825 0.013

CEUS+CPI 85.0 (17/20) 77.3 (17/22) 81.0 (34/42) 0.890

CEUS: Contrast enhancement ultrasound; CPI: Color parametric imaging; AUC: Area under curve.

Figure 3

Figure 3  Diagnostic confidence of atypical hemangioma and liver metastasis by staff and resident radiologists. The number of 3-score (undetermined
diagnosis) in contrast enhancement ultrasound was significantly higher than that in color parametric imaging in both staff group (A) and resident group (B). CEUS:
Contrast enhancement ultrasound; CPI: Color parametric imaging.

Figure 4

Figure 4  Spot diagram of AT in atypical hemangioma and liver metastasis. AT = Difference valve of peak time and arrival time of color parametric imaging of liver
lesions. AT of atypical hemangioma was significantly longer than that of liver metastasis (8.31 ± 3.05 s vs 5.13 ± 0.99 s, P < 0.001).
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ARTICLE HIGHLIGHTS
Research background
In clinical practice,  the diagnosis is sometimes difficult  with contrast-enhanced ultrasound
(CEUS) when the case has an atypical perfusion pattern. Color parametric imaging (CPI) is an
analysis software for CEUS with better detection of temporal differences in CEUS imaging using
arbitrary colors. It measures the differences in arrival time of the contrast agent in lesions so that
the perfusion features of atypical hemangioma and colorectal cancer liver metastasis can be
distinguished.

Research motivations
The motivation of this study was to evaluate the role of CPI in the differential diagnosis of
atypical hemangioma from liver metastases and the diagnostic performance by staff and resident
radiologists. The patients with atypical hemangioma would be benefited by avoiding invasive
test or even surgical resection. Furthermore, a junior radiologist can be more confident in the
differential diagnosis of liver lesions by CPI.

Research objectives
To evaluate the role of a novel type of CPI of CEUS in the differential diagnosis of atypical
hemangioma from liver metastases in patients with a history of colorectal cancer.

Research methods
All enrolled patients received ultrasound, CEUS and CPI examinations.  Resident and staff
radiologists independently and retrospectively reviewed CEUS and CPI images. Two sets of
criteria  were  assigned:  (1)  Routine  CEUS  alone;  and  (2)  CEUS  and  CPI.  The  diagnostic
sensitivity, specificity, accuracy and receiver operating characteristic (ROC) curve of resident
and staff radiologists were analyzed.

Research results
The following CPI features were significantly different between liver hemangioma and liver
metastases analyzed by staff and resident radiologists: Peripheral nodular enhancement (65%-
70.0% vs  4.5%-13.6%, P  < 0.001, P  = 0.001), mosaic/chaotic enhancement (5%-10% vs  68.2%-
63.6%, P < 0.001, P < 0.001) and feeding artery (20% vs 59.1-54.5%, P = 0.010, P = 0.021). CPI
imaging offered significant improvements in detection rates compared with routine CEUS signs
in both resident and staff groups.

Research conclusions
CPI could provide specific information on the hemodynamic features of liver lesions and help to
differentiate atypical hemangioma from liver metastases, for both staff and resident radiologists.
CPI is useful especially for radiologists with less CEUS experience.

Research perspectives
In  this  study,  a  novel  type  of  color  contrast  enhanced ultrasound provided supplemental
information for differential diagnosis between atypical hemangioma and liver metastasis. This
technique is safe and effective in clinical practice. However, to confirm the performance of this
new imaging method, studies on a larger sample set are required.
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Abstract
BACKGROUND
Peroral endoscopic myotomy (POEM) is a promising therapeutic modality for
esophageal achalasia worldwide. However, clinical failure and adverse events of
POEM have still been concerned.

AIM
To compare the efficacy and safety of a novel mark-guided POEM with standard
POEM.

METHODS
A total of 133 patients with esophageal achalasia who underwent POEM from
May 2013 to May 2019 were enrolled in this retrospective study. Of the 133
patients, there were 64 patients in the mark-guided POEM group and 69 patients
in the standard POEM group. The clinical success, procedural duration and
adverse events were compared between the two groups at 3 mo, 12 mo and 24
mo postoperatively.

RESULTS
Characteristic baseline was similar in the mark-guided POEM group and
standard POEM group. The clinical success was comparable between the two
groups, ranging from 92% to 98%, at 3 mo, 12 mo and 24 mo postoperatively (all
P > 0.5). Eckart score, Gastroesophageal Reflux Disease Questionnaire score and
SF-36 score were not different between the two groups after treatment (all P >
0.05). No severe adverse events occurred in the two groups. However, mark-
guided POEM required shorter procedural duration, and less use of proton pump
inhibitors and lower incidence of reflux symptoms than the standard POEM (all P
< 0.001).

CONCLUSION
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Mark-guided POEM and standard POEM were both effective and safe for the
treatment of esophageal achalasia. However, the mark-guided POEM was
characterized by shorter procedural duration, less use of proton pump inhibitors
and lower incidence of reflux symptoms.

Key words: Mark-guided peroral endoscopic myotomy; Standard peroral endoscopic
myotomy; Achalasia; Endoscopy; Efficacy; Adverse event
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Core tip: Mark-guided Peroral endoscopic myotomy (POEM) can create full and large
separation through sufficient sub-mucosal injection, which can improve the operative
filed, decrease the incidence of bleeding, perforation and intra-procedural mucosal
injury, and enhance the clinical success. By mark-guided POEM, it was not necessary to
repeatedly pull out the tunnel to check the direction, thus saving the procedural time.
Moreover, mark-guided POEM required less use of proton pump inhibitors and showed a
lower incidence of reflux symptoms after the procedure.

Citation: Li DF, Xiong F, Yu ZC, Zhang HY, Liu TT, Tian YH, Shi RY, Lai MG, Song Y, Xu
ZL, Zhang DG, Yao J, Wang LS. Effect and safety of mark-guided vs standard peroral
endoscopic myotomy: A retrospective case control study. World J Gastroenterol 2020; 26(9):
973-983
URL: https://www.wjgnet.com/1007-9327/full/v26/i9/973.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i9.973

INTRODUCTION
As a rare esophageal motility disorder, esophageal achalasia is characterized by a
failure of peristalsis in the esophageal body, leading to impaired lower esophageal
sphincter relax and esophageal emptying[1,2]. The hampered passage of food from the
esophagus to the stomach contributes to symptoms of dysphagia, regurgitation, chest
pain and weight loss, as well as pulmonary complications[3,4].

Peroral  endoscopic  myotomy (POEM) was  first  described by  Inoue  et  al[5]  for
achalasia  treatment  in  2010.  Subsequently,  it  was demonstrated that  POEM was
effective and safe and has become the standard procedure for achalasia treatment
worldwide[6-8].  Although several prospective studies have shown that POEM was
superior in controlling symptoms of achalasia, POEM-associated clinical failure and
adverse events have still been concerned[9-11]. The clinical success rate of POEM was
reported to  be more than 90%, however,  reflux esophagitis  which was the main
adverse event developed in more than 40% of the patients after POEM treatment[12].

Several  factors  are  associated  with  the  efficacy  and  safety  of  POEM,  such  as
mucosal injury, direction lossin the tunnel and oblique muscle damage[12,13]. Therefore,
we here described a novel POEM procedure named mark-guided POEM, which may
solve above-mentioned problems.  We retrospectively compared the novel  mark-
guided POEM and standard POEM described by Inoue et al[5]  in terms of clinical
success, technical success and adverse events in our clinical center.

MATERIALS AND METHODS
From May 2013 to May 2019, patients diagnosed with achalasia based on Eckardt
score,  barium  esophagography  and  high-resolution  manometry  (HRM)  were
retrospectively collected at the Department of Gastroenterology of the Second Clinical
Medicine College (Shenzhen People's  Hospital)  of  Jinan University (Guangdong,
China). The patients who were lost to follow-up were excluded. Demographic and
clinical data included patient’s age, gender, disease duration, follow-up, procedural
duration, clinical success, technical success, pre-operative and post-operative Eckardt
score,  post-operative  length  of  stay,  recurrence  and  adverse  events  (bleeding,
perforation and reflux symptoms). A total of 133 patients who underwent POEM
were included in this study. Of these patients, there were 64 patients in the mark-
guided POEM group treated from September 2018 to May 2019 and 69 patients in the
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standard POEM group treated from May 2013 to September 2018. The initial follow-
up barium esophagography was conducted at 3 mo post-operatively. Subsequently,
Eckardt score, Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36),
reflux symptoms and proton pump inhibitor (PPI) use were assessed via telephone at
3, 12 and 24 mo post-operatively (Figure 1). The study protocol was approved by
Shenzhen People's Hospital Ethics Committee.

Definitions
Achalasia is divided into three distinct subtypes (type I, II and III) according to the
pattern  of  esophageal  contractility  observed during high-resolution manometry
(HRM) according to the Chicago Classification system[3].  Eckardt scores in 4-item
questionnaire including dysphagia, regurgitation and chest pain ranging from 0 to 3
(0, none; 1, occasionally; 2, daily; 3, with every meal), and weight loss (0, no weight
loss; 1, < 5 kg; 2, 5-10 kg; 3, > 10 kg) were used to evaluate the severity of achalasia,
which  were  rated  from the  lowest  severity  (0  score)  to  the  highest  severity  (12
scores)[14].  Clinical success was assessed using the Eckardt scores (≤ 3 scores), and
failure of treatment was defined as Eckardt scores of more than 3 after treatment. The
Gastroesophageal Reflux Disease Questionnaire (GERDQ) was used to assess reflux
symptoms, including heartburn, regurgitation, epigastric pain, nausea, sleep disorder
and use of over-the-counter drugs, and each of them was rated from 0 to 3 scores.
Therefore, the total scores ranged from 0 to 18 points, and > 8 points was regarded as
GERD[15]. SF-36 scoring system was composed of physical and mental components
ranging from 0 to 100 scores,  and higher scores indicated better quality of life[16].
Severe adverse events consisted of perforation and bleeding (defined as need of blood
transfusion or endoscopy, radiologic and surgical intervention).

POEM procedure
Patients were fasted for 24 h before the procedure.  POEM was performed under
general  anesthesia  with  endotracheal  intubation  and  CO2  insufflation.  All
participating endoscopists were experts, and standard POEM procedure in this study
was  in  accordance  with  Inoue  et  al[5].  The  steps  of  standard POEM were  briefly
described as follows. (1) At the middle of esophagus, a submucosal bleb was created
by injecting saline containing 0.3% indigo carmine. Subsequently, a 2-cm longitudinal
mucosal incision was made by Dual Knife (Olympus, Japan) to create submucosal
tunnel using Endocut mode (30 W, effect 3) (ERBE, Germany); (2) A tunnel passing
gastroesophageal junction (GEJ) 2-3 cm into proximal stomach was created by Dual
Knife on the plane of dissection of submucosal layer;  (3) Circular muscle bundle
dissection was extended from 3 cm below the mucosal entry onto the proximal gastric
cardia using Triangle Knife; and (4) Clips were placed close to the mucosal entity site
(Anrei, China) (Video 1 standard peroral endoscopic myotomy procedure) through
endoscopy. In the first step of mark-guided POEM, the middle of esophagus to gastric
cardia  at  esophageal  mucosal  surface  was  marked  using  Dual  Knife.  Then,
submucosal injection was administered through the mark with saline containing 0.3%
indigo carmine. Next, submucosal layer dissection, circular muscle bundle dissection
and closure of mucosal entity site were the same as standard POEM (Video 2 mark-
guided peroral endoscopic myotomy procedure).

Postoperative management
All patients were given antibiotics (Cefatriaxone and Metronidazole) and a double-
dose PPI (Omeprazole) intravenously at the day of the procedure and kept nothing by
mouth (NPO) at the night of the procedure. The next day, a gastrografin esophagram
was performed to rule out leakage and perforation. All patients with no evidence of
adverse events were discharged, and they were advised to take soft food for 2 wk and
PPI (Omeprazole, 20 mg, once a day) was prescribed for 2 wk.

Follow-up
All patients were followed up with barium esophagography at 3 mo post-operatively,
and Eckart score, GERDQ score, SF-36 score, reflux symptoms and PPI use were also
assessed via telephone at 12 mo and 24 mo post-operatively.

Outcomes
The  primary  outcome  was  clinical  success,  and  the  second  outcome  included
procedure duration, severe adverse events, Eckart score, GERDQ score, SF-36 score,
reflux symptoms and PPI use.

Statistical analysis
All analyses were performed using the SPSS 23.0 software package (SPSS Company,
Chicago, IL, United States). All categorical variables were expressed as the frequency
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Figure 1

Figure 1  Flow chart.

with  respective  percentages.  Continuous  data  were  presented  as  mean  ±  SD or
median (interquartile range) according to distribution. χ2 test or Fisher’s exact test was
used to assess categorical variables, and unpaired t-test or Mann-Whitney test was
used  to  assess  continuous  data.  P  values  <  0.05  were  considered  statistically
significant.

RESULTS

Patient characteristics
A total of 133 consecutive patients were included in this retrospective study. Of these
patients, there were 64 patients in the mark-guided POEM group and 69 patients in
the standard POEM group. There was no significant difference between the two
groups  in  terms  of  sex,  age,  type  of  achalasia,  disease  duration,  Eckardt  score,
esophageal height, esophageal diameter, HRM, GERDQ score and SF-36 score (Table
1).

Comparison of procedure-related parameters
Both  groups  successfully  underwent  POEM without  any  severe  adverse  events
(perforation and bleeding) (P = 1). In addition, the hospital stay was not significantly
different between the two groups (P = 0.56). However, the procedure duration was
significantly shorter in the mark-guided POEM group compared with the standard
POEM group (P < 0.001) (Table 1).

Primary outcome and second outcome at 3-mo follow-up
There were 64 and 69 patients in the mark-guided POEM group and standard POEM
group at 3-mo follow-up, respectively. No significant difference was observed in the
clinical success between the two groups (98.4% vs 98.6%, P = 0.3). Figure 2 shows that
the pre-operative HRM and Eckart scores were significantly decreased compared with
the post-operative values in both groups (Figure 2A-2D, all P < 0.001). Furthermore,
the  pre-operative  SF-36  score  was  significantly  improved  compared  with  the
postoperative value in both groups (Figure 2E, 2F, all P < 0.001). However, there was
no significant difference between the two groups (Table 2). The post-operative height
and diameter of barium esophagography were significantly decreased in both groups
(Figure 3A-3D, all P < 0.001), whereas there was no significant difference between the
two groups (Table 2). Moreover, the pre-operative GERDQ score was significantly
decreased compared with its post-operative value in the standard POEM group (P =
0.01, Figure 3E),  while such significant difference was not observed in the mark-
guided  POEM  group  (P  =  0.09,  Figure  3F).  However,  the  incidence  of  reflux
symptoms and PPI use were significantly different between mark-guided POEM and
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Table 1  Baseline characteristics and comparison of procedurerelated parameters

Characteristics Mark-guided POEM (n = 64) Standard POEM (n = 69) P value

Sex

Male (n) 33 (51.6%) 36 (52.2%) 0.94

Female (n) 31 (48.4%) 33 (47.8%)

Age (yr) 33.5 (28-48.75) 40 (30-47.75) 0.22

Achalasia Type

I 21 (32.8%) 23 (33.3%) 0.98

II 36 (56.3%) 38 (55.1%)

III 7 (10.9%) 8 (11.6%)

Disease duration (mo) 32.5 (23-49.50) 33 (22.5-49.50) 0.95

Eckardt score 9.0 (8-9.75) 8.0 (7-9) 0.32

Barium esophagraphy

Height (cm) 8 (8-9) 8 (7-9) 0.55

Diameter (cm) 5 (4-6) 5 (5-6) 0.29

HRM (mmHg) 38 (28-41) 38 (28-41.5) 0.64

GERDQ score 7 (6-9) 7 (6-8.5) 0.74

SF-36 score 47.22 ± 7.25 46.81 ± 7.60 0.75

Procedure duration (min) 40 (38-43) 49 (47-51) < 0.001

Technical success (n) 64 (100%) 69 (100%) 1

Postoperative stay (d) 1 (1-2) 1 (1-2) 0.56

Perforation (n) 0 0 1

Bleeding (n) 0 0 1

POEM: Peroral endoscopic myotomy; HRM: High-resolution manometry; GERDQ: Gastroesophageal reflux
disease questionnaire; SF-36: 36-Item Short-Form Health Survey.

standard POEM groups (10.9% vs  24.6%,  P  =  0.04;  and 12.7% vs  27.5%,  P  =  0.03,
respectively) (Table 2).

Primary outcome and second outcome at 12-mo follow-up
Table 3 shows that there were 59 patients in each group at 12-mo follow-up, and the
clinical  success was 93.5% (55/59) and 91.5% (54/59) in the mark-guided POEM
group  and  standard  POEM  group,  respectively,  with  no  significant  difference
between the two groups (P  = 0.73). Moreover, there was no significant difference
between the two groups in terms of Eckart score, GERDQ score and SF-36 score (P =
0.9, P = 0.67 and P = 0.94, respectively). However, the incidence of reflux symptoms
and PPI use was 16.9% and 18.6% in the mark-guided POEM group and 37.3% and
40.7% in the standard POEM group, respectively (P = 0.01 and P = 0.009).

Primary outcome and second outcome at 24-mo follow-up
There  were  48  patients  in  the  mark-guided POEM group and 51  patients  in  the
standard POEM group at 24-mo follow-up. The results showed that there was no
significant difference in clinical success between the mark-guided POEM group and
standard  POEM  group  (92.7%  vs  92.2%,  P  =  0.93).  Furthermore,  there  was  no
significant difference between the two groups in terms of Eckart score, GERDQ score
and SF-36 score (P = 0.92, P = 0.74 and P = 0.73, respectively), whereas the incidence of
reflux symptoms and PPI use were significantly lower in the mark-guided POEM
group compared with the standard POEM group (27.1% vs 47.1%, P = 0.04 and 29.2%
vs 51%, P = 0.02) (Table 4).

Unsuccessful treatment analysis
Nine and 10 patients with unsuccessful treatment in the mark-guided POEM group
and standard POEM group, respectively, were all symptomatic (Eckart score > 3). Of
the nine patients in the mark-guided POEM group, five patients required re-treatment
and recovered uneventfully,  whereas  the  other  four  patients  refused additional
treatments because of symptom improvement. Of the 10 patients in the standard
POEM group, six patients successfully underwent re-treatment of POEM, while the
other four patients refused additional re-treatment.
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Table 2  Primary and secondary outcomes in patients at 3 mo follow-up

Mark-guided POEM (n = 64) Standard POEM (n = 69) P value

Overall clinical success (n) 63 (98.4%) 68 (98.6%) 0.3

Eckart score 1 (1-2) 1 (1-2) 0.78

GERDQ score 6 (5-9) 6 (5-7) 0.35

SF-36 score 78 (76-80) 78 (75-80.5) 0.87

Barium esophagraphy

Height (cm) 3 (2-4) 3 (2-4) 0.94

Diameter (cm) 2 (2-2.5) 2 (2-2.75) 0.86

HRM (mmHg) 12.2 ± 2.37 12.06 ± 1.93 0.7

Reflux symptom (n)

Yes 7 (10.9%) 17 (24.6%) 0.04

No 57 (89.1%) 52(75.4%)

PPI use (n)

Yes 8 (12.7%) 19 (27.5%) 0.03

No 56 (87.3%) 60 (72.5%)

POEM: Peroral endoscopic myotomy; HRM: High-resolution manometry; GERDQ: Gastroesophageal reflux
disease questionnaire; SF-36: 36-Item Short-Form Health Survey; PPI: Proton pump inhibitor.

DISCUSSION
In this retrospective study, we compared the mark-guided POEM with standard
POEM in terms of the clinical success, procedure duration, adverse events, reflux
symptoms and PPI use at 3-mo, 12-mo and 24-mo follow-up. The results showed that
the  overall  clinical  success,  hospital  stay  and  severe  adverse  events  were  not
significantly different between the two groups. However, the procedural duration,
and incidence of reflux symptoms and PPI use were significantly lower in the mark-
guided POEM group compared with the standard POEM group.

In the present study, we found that the clinical success ranged from 92.7% to 98.4%
and 92.2% to 98.6% at 3-mo follow-up and 24-mo follow-up, respectively, in the mark-
guided POEM group and standard POEM group, which was similar to a previous
meta-analysis[17].  Moreover,  there  was  no severe  adverse  event  (perforation and
bleeding) in the patients in this study. However, a previous study has shown that the
overall rate of adverse events is 7.5%, and severe adverse events only occur in 90 cases
of 1800 POEM procedures[18]. Our results indicated that the clinical success could be
decreased with time in both groups, which was consistent with previous data that the
recurrence rate after POEM can be increased with time[19,20].  However,  POEM re-
treatment was also effective for the recurrent patients, and some of them refused
additional treatment because of symptom improvement. Therefore, both the mark-
guided and standard POEM was effective for achalasia. Interestingly, we found that
the mark-guided POEM showed a lower incidence of reflux symptoms and less PPI
use compared with standard POEM, which wasmarkedly lower compared with the
previous study as well[6]. Ponds et al[10] have demonstrated that the reflux esophagitis
rate is 49%, and 8% are severe cases on endoscopy examination at 1-year follow-up
after POEM treatment, which is markedly higher compared with the mark-guided
POEM in the present study. Furthermore, Shiwaku et al[21] have found that the erosive
esophagitis (Los Angeles grade A-D) and severe erosive esophagitis (Los Angeles
grade C-D) account for 63% and 6.2%, respectively, whereas, symptomatic GERD is
only observed in 14.8% of 1300 patients at 6-mo follow-up after POEM. Therefore, the
erosive esophagitis might be more in this study. Fortunately, many studies including
our current study have shown that reflux symptoms respond to treatment with a
PPI[10,21].

To the best of our knowledge, we, for the first time, compared the mark-guided
POEM with  standard POEM. In  addition to  less  procedure  duration,  and lower
incidence of reflux symptoms and PPI use in the mark-guided POEM, there was no
significant difference between the two groups. We considered that the mark-guided
POEM had the following advantages: First, it could create full and large separation
through  sufficient  sub-mucosal  injection,  which  could  improve  operative  filed,
decrease the incidence of bleeding, perforation and intra-procedural mucosal injury,
and increase the clinical success. Liu et al[22] have shown that intra-procedural mucosal
injury is a risk factor for clinical failure. Second, it was not necessary to repeatedly
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Figure 2

Figure 2  High-resolution manometry, Eckart score and 36-Item Short-Form Health Survey scores at 3-mo follow-up in the mark-guided peroral endoscopic
myotomy group and standard peroral endoscopic myotomy group. A-D: The pre-operative high-resolution manometry and Eckart scores were significantly
decreased compared with the postoperative values in the two groups (all P < 0.001); E, F: The pre-operative 36-Item Short-Form Health Survey scores were
significantly improved compared with the postoperative values in both groups (all P < 0.001).

pull out the tunnel to check the direction, thus saving much operating time.
There are several limitations in this study. First, this was a retrospective study from

a single  tertiary hospital,  and the results  need to  be  confirmed by multi-centers
randomized controlled trials. Second, the Eckardt score was used to determine clinical
success.  However,  its  construct  validity  has  recently  been  questioned[23].  Third,
GERDQ has limitations to identify reflux symptoms or GERD after POEM. Fourth,
patients were followed up at 3, 12 and 24 mo via telephone, and long-term conclusion
is unavailable.

In summary, this retrospective study confirmed that the mark-guided POEM and
standard POEM were both effective and safe for esophageal achalasia. However, the
mark-guided POEM required less procedural duration and showed a lower incidence
of reflux symptoms and PPI use compared with the standard POEM.
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Table 3  Primary and secondary outcomes in patients at 12 mo follow-up

Mark-guided POEM (n = 59) Standard POEM (n = 59) P value

Overall clinical success (n) 55 (93.2%) 54 (91.5%) 0.73

Eckart score 1 (1-2) 1 (1-2) 0.9

GERDQ score 7 (6-9) 6 (6-9) 0.67

SF-36 score 75 (67-78) 74 (70-78) 0.94

Reflux symptom (n)

Yes 10 (16.9%) 22 (37.3%) 0.01

No 49 (83.1%) 37 (62.7%)

PPI use (n)

Yes 11 (18.6%) 24 (40.7%) 0.009

No 48 (81.4%) 35 (59.3%)

POEM: Peroral endoscopic myotomy; GERDQ: Gastroesophageal reflux disease questionnaire; SF-36: 36-Item Short-Form Health Survey; PPI: Proton
pump inhibitor.

Table 4  Primary and secondary outcomes in patients at 24 mo follow-up

Mark-guided POEM (n = 48) Standard POEM (n = 51) P value

Overall clinical success (n) 44 (92.7%) 47 (92.2%) 0.93

Eckart score 1 (1-2) 1 (1-2) 0.92

GERDQ score 7 (6-9) 7 (6-9) 0.74

SF-36 score 77 (71-80) 76 (72-80) 0.73

Reflux symptom (n)

Yes 13 (27.1%) 24(47.1%) 0.04

No 35(72.9%) 27 (52.9%)

PPI use (n)

Yes 14 (29.2%) 26 (51%) 0.02

No 34 (70.8%) 25 (49%)

POEM: Peroral endoscopic myotomy; GERDQ: Gastroesophageal reflux disease questionnaire; SF-36: 36-Item Short-Form Health Survey; PPI: Proton
pump inhibitor.
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Figure 3

Figure 3  Barium esophagography at 3-mo follow-up in the mark-guided peroral endoscopic myotomy group and standard peroral endoscopic myotomy
group. A-D: The post-operative height and diameter of barium esophagography were significantly decreased compared with the pre-operative values in the two
groups (all P < 0.001); E: The pre-operative Gastroesophageal reflux disease questionnaire score was significantly decreased compared with the post-operative value
in the standard peroral endoscopic myotomy group (P = 0.01); F: No significant difference was observed between pre-operative and post-operative values in the mark-
guided peroral endoscopic myotomy group (P = 0.09).

ARTICLE HIGHLIGHTS
Research background
Peroral endoscopic myotomy (POEM) was first described by a study on achalasia treatment in
2010. Subsequently, it was demonstrated that POEM was effective and safe and has become the
standard procedure for achalasia worldwide. However, clinical failure and adverse events of
POEM have still been concerned. Indeed, POEM procedure can lead to a high incidence of reflux
esophagitis.

Research motivation
Several factors are associated with the efficacy and safety of POEM, such as sufficient sub-
mucosal  injection,  limiting mucosal  injury and constructing sub-mucosal  tunnel straightly.
Therefore, we described a novel POEM procedure named mark-guided POEM, which may solve
afore-mentioned problems.

Research objectives
This study aimed to compare the efficacy and safety of the novel mark-guided POEM with
standard  POEM  in  the  improvement  of  efficacy  and  safety  of  achalasia  treatment.  This
retrospective case control study will encourage us to explore the efficacy and safety of the mark-
guided POEM for further research, such as multi-centers randomized controlled trials.

Research methods
This retrospective case control study compared the efficacy and safety between the mark-guided
POEM and standard POEM.
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Research results
This study showed that mark-guided POEM and standard POEM were both effective and safe
for achalasia treatment, however, the mark-guided POEM seemed to require less procedural
duration and proton pump inhibitor (PPI) use and show a lower incidence of reflux symptoms.
However, these results will be confirmed by randomized controlled trials.

Research conclusions
POEM is a promising therapeutic procedure for esophageal achalasia worldwide. However,
clinical failure and adverse events of POEM have still  been concerned. In order to improve
efficacy and safety of achalasia treatment, we described a novel POEM procedure named the
mark-guided POEM. We retrospectively compared the efficacy and safety of the mark-guided
POEM with standard POEM. The results  showed that  the clinical  success was comparable
between the two groups, ranging from 92% to 98%, at 3 mo, 12 mo and 24 mo postoperatively.
However, the mark-guided POEM required less procedural duration, less use of PPI and lower
incidence  of  reflux  symptoms  than  the  standard  POEM.  We  will  conduct  multi-centers
randomized controlled trial to confirm these results.

Research perspectives
The mark-guided POEM may be superior to standard POEM for achalasia treatment; however,
the findings need to be further confirmed using multi-centers randomized controlled trials.
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Abstract
BACKGROUND
Although deficient procedures performed by impaired physicians have been
reported for many specialists, such as surgeons and anesthesiologists, systematic
literature review failed to reveal any reported cases of deficient endoscopies
performed by gastroenterologists due to toxic encephalopathy. Yet
gastroenterologists, like any individual, can rarely suffer acute-changes-in-
mental-status from medical disorders, and these disorders may first manifest
while performing gastrointestinal endoscopy because endoscopy comprises so
much of their workday.

CASE SUMMARIES
Among 181767 endoscopies performed by gastroenterologists at William-
Beaumont-Hospital at Royal-Oak, two endoscopies were performed by normally
highly qualified endoscopists who manifested bizarre endoscopic interpretation
and technique during these endoscopies due to toxic encephalopathy. Case-1-
endoscopist repeatedly insisted that gastric polyps were colonic polyps, and
absurdly “pressed” endoscopic steering dials to “take” endoscopic photographs;
Case-2-endoscopist repeatedly insisted that had intubated duodenum when
intubating antrum, and wildly turned steering dials and bumped endoscopic tip
forcefully against antral wall. Endoscopy nurses recognized endoscopists as
impaired and informed endoscopy-unit-nurse-manager. She called Chief-of-
Gastroenterology who advised endoscopists to terminate their
esophagogastroduodenoscopies (fulfilling ethical imperative of “physician, first-
do-no-harm”), and go to emergency room for medical evaluation. Both
endoscopists complied. In-hospital-work-up revealed toxic encephalopathy in
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both from: case-1-urosepsis and left-ureteral-impacted-nephrolithiasis; and case-
2-dehydration and accidental ingestion of suspected illicit drug given by
unidentified stranger. Endoscopists rapidly recovered with medical therapy.

CONCLUSION
This rare syndrome (0.0011% of endoscopies) may manifest abruptly as bizarre
endoscopic interpretation and technique due to impairment of endoscopists by
toxic encephalopathy. Recommended management (followed in both cases): 1-
recognize incident as medical emergency demanding immediate action to
prevent iatrogenic patient injury; 2- inform Chief-of-Gastroenterology; and 3-
immediately intervene to abort endoscopy to protect patient. Syndromic features
require further study.

Key words: Endoscopy; Iatrogenic injury; Medical ethics; Hippocratic Oath; Quality
improvement; Medical malpractice; Morbidity and mortality

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Two novel cases are reported of impaired endoscopists manifesting bizarre-
endoscopic-interpretation-and-technique due to toxic encephalopathy among 181767
endoscopies performed at William-Beaumont-Hospital-Royal-Oak. Case-1-endoscopist
repeatedly insisted that gastric polyps were colonic polyps, and absurdly “pressed”
endoscopic steering dials to photograph gastric lesions. Case-2-endoscopist repeatedly
insisted that had intubated duodenum when intubating antrum, and erratically turned
steering dials and bumped endoscopic tip against antral wall. Endoscopists were advised
to terminate their esophagogastroduodenoscopies, fulfilling ethical imperative:
“physician-first-do-no-harm”. In-hospital-work-up revealed toxic encephalopathies from
urosepsis, or inadvertently ingesting “illicit drug”. Both endoscopists rapidly recovered
with medical therapy. These potential-medical-emergencies require aborting endoscopy
to prevent iatrogenic patient injury.

Citation: Cappell MS. Two case reports of novel syndrome of bizarre performance of
gastrointestinal endoscopy due to toxic encephalopathy of endoscopists among 181767
endoscopies in a 13-year-university hospital review: Endoscopists, first do no harm! World J
Gastroenterol 2020; 26(9): 984-991
URL: https://www.wjgnet.com/1007-9327/full/v26/i9/984.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i9.984

INTRODUCTION
Gastroenterologists (GIs), like any individual, can suffer acute-changes-in-mental-
status from medical disorders, and these medical disorders may rarely first manifest
while performing gastrointestinal (GI) endoscopy because endoscopy comprises so
much of their workday. Review of 181767 GI endoscopies performed by GIs at a large
university teaching hospital revealed 2 cases (0.0011%) of acute-change-in-mental-
status by GIs first manifesting during endoscopy, as reported herein. This novel work
reports syndromic features,  including nature of bizarre endoscopic performance,
health  professionals  who  reported  incidents,  and  medical  causes  of  transient
impairment;  recommends  chain-of-command  to  manage  medical  crises;  and
emphasizes the need to immediately abort endoscopy to prevent iatrogenic patient
injury  (fulfilling  ethical  imperative  of  Hippocratic  Oath,  “Physician,  first  do  no
harm!”)[1].

Methods
Dr. Cappell prospectively intervened administratively during both incidents, and was
involved soon thereafter in investigating the incidents for quality assurance as Chief-
of-Gastroenterology (GI),  November 2006-September 2019,  at  William Beaumont
Hospital,  Royal  Oak,  a  large  university  hospital  of  Oakland University  William
Beaumont School of Medicine. Computerized search of all outpatient and inpatient
esophagogastroduodenoscopies  (EGDs),  sigmoidoscopies,  and  colonoscopies
performed in hospital  endoscopy unit  by GIs using Provations (800 Washington
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Avenue North,  Minneapolis,  MN 555401),  a  computerized endoscopy reporting
system  (using  terms  “abort”,  “aborted”,  “incomplete”,  “stop”,  “stopped”,
“terminate”,  “terminated”,  “impaired”,  or  “unsatisfactory”  [endoscopy
/endoscopist]), did not reveal any more aborted endoscopies because of impaired
endoscopists. Study excluded surgeons performing GI endoscopy because Chief-of-GI
lacked prospective knowledge of such incidents due to a separate quality assurance
pathway. This study was exempted/approved by the William Beaumont Hospital
Institutional  Review  Board  on  9/4/19.  Dr.  Cappell  claims  expertise  in  quality
assurance based on professional experience as senior GI administrator (1995-2019) at
the five following teaching hospitals (with medical residencies and GI fellowships):
Maimonides  Hospital,  Brooklyn,  NY;  Woodhull  Hospital,  Brooklyn,  NY;  Saint
Barnabas  Hospital,  Bronx,  NY;  Albert  Einstein  Hospital,  Philadelphia,  PA;  and
William Beaumont Hospital, Royal Oak, MI.

Literature  related  to  impaired  endoscopists  at  endoscopy  was  systematically
searched using  Pubmed and Ovid  with  the  following terms [“incapacitated”  or
“impaired”  or  “incompetent”]  AND  [“gastroenterologist”  or  “endoscopist”  or
“surgeon” or “physician” or “doctor”]. Abstracts of all identified publications were
reviewed. This search failed to reveal prior publications on impaired endoscopists,
although  several  papers  were  identified  about  impaired  physicians,  surgeons,
anesthesiologists, or other specialists due to alcoholism or drug dependency.

For  clarification,  the  subjects  of  these  two  case  reports  are  not  the  patients
undergoing the endoscopies, but the gastroenterologists performing the endoscopies.

CASE PRESENTATIONS

Case report 1
Chief-of-GI was paged stat  by the endoscopy-unit-nurse-administrator  about an
elderly,  highly  experienced,  and  normally,  highly  competent  endoscopist  who
suffered an acute-change-in-mental-status while performing EGD manifested by
bizarre behavior, including repeatedly insisting that gastric polyps were in colon, and
attempting to endoscopically photograph these polyps by absurdly pressing the
steering dials instead of the photography button. Endoscopy nurse recognized this
behavior as bizarre and immediately notified endoscopy-unit-nurse-administrator.
The summoned Chief-of-GI noted the endoscopist was confused, dizzy, and unsteady;
and  advised  this  endoscopist  to  immediately  abort  the  EGD,  cancel  upcoming
endoscopies, and go to emergency room (ER) for medical evaluation. The endoscopist
complied. The Chief-of-GI accompanied the impaired endoscopist to ER.

The  impaired  endoscopist  was  experiencing  progressive  left  lower  quadrant
abdominal  pain,  hardly  eating  or  drinking  fluids,  and  experiencing  orthostatic
dizziness during the past 24 h. He had chronic, benign, prostatic hypertrophy. He had
no history of neuropsychiatric-disorders/illicit-drug-use/alcoholism/prior similar
episodes. Family history was noncontributory. He was bending over in pain and
clutching his left lower abdominal quadrant while walking several steps to a waiting
wheelchair. Physical examination on admission revealed blood pressure of 181/85
mmHg, pulse of 84 beats/min with orthostasis, respiratory rate of 18 breaths/min,
and temperature of 37.9 °C. Mucous membranes were dry, skin turgor was deceased,
and axillary sweat was absent. The abdomen was soft, nontender, non-distended, and
without hepatosplenomegaly. The left flank was moderately tender. Digital rectal
examination revealed guaiac  negative  stool,  and diffuse  severe  prostatomegaly,
without induration. He was moderately confused; oriented to place, person, and year
but not month and day. He was conversant and cognizant of his confusion. Formal
neurologic examination by a neurologist revealed no other neurologic abnormalities.

There were 16800 leukocytes/mm3  (normal:  3500-10100 leukocytes/mm3),  and
13700 neutrophils/mm3  (normal:  1600-7200 neutrophils/mm3).  Hemoglobin was
within normal  limits.  Levels  of  routine serum electrolytes,  serum glucose,  basic
metabolic panel, lactic acid, and routine thyroid function tests were within normal
limits. An electrocardiogram (EKG) and serial troponin levels showed no cardiac
ischemia or cardiac arrhythmia. Blood alcohol level and urine screen for 8 commonly
abused drugs were negative.

Blood  urea  nitrogen  (BUN)  level  was  19  mg/dL  (normal:  8-22  mg/dL),  and
creatinine was 2.01 mg/dL (normal: 0.60-1.40 mg/dL). Abdomino-pelvic CT revealed
moderate, left-sided, hydroureteronephrosis, mild left perinephric stranding, a 5.5-
mm-wide-radioopaque-stone obstructing the left mid-ureter (Figure 1A and B), and
an extremely large prostate gland protruding into the bladder (Figure 1C). Urinalysis
revealed ketonuria (likely from early starvation ketosis), and microscopic hematuria
(from kidney  stone).  Head  computerized  tomography  (CT)  and  brain  magnetic
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resonance angiography (MRA) showed unremarkable cerebral anatomy and cerebral
vessels, respectively.

Case report 2
The Chief-of-GI was paged stat by the endoscopy-unit-nurse-administrator about a
middle-aged, highly experienced, and normally highly competent endoscopist who
suffered an acute-change-in-mental-status while performing EGD manifested by
bizarre behavior, including insisting that he was intubated in duodenum when he had
actually intubated gastric antrum, and wildly turning the steering dials and bumping
forcefully against antral wall while trying to intubate the pylorus. The prior evening,
he had taken diazepam 5 mg orally, and drank 24 ounces of beer to relieve lower back
pain after  twisting his  lower back while  carrying a heavy pile  of  medical  charts
(incident preceded advent of electronic medical records). The endoscopist had not
eaten any food or drank any fluids for 16 h before EGD because of residual back pain.
After performing one EGD in the morning without incident, he took two purported
“motrin” pills of unknown dosage donated by an unidentified stranger (this event
was witnessed). He soon became dizzy and disoriented. The endoscopy nurse noted
the endoscopist’s bizarre behavior during the next EGD and immediately notified the
endoscopy-unit-nurse-administrator who paged the Chief-of-GI stat. After noting that
the endoscopist was confused, dizzy, lethargic, unsteady, and oriented to place and
person but not time, the summoned Chief-of-GI advised the endoscopist to abort the
EGD,  cancel  upcoming  endoscopies,  and  go  to  ER  for  medical  evaluation.  The
endoscopist complied. The Chief-of-GI accompanied the impaired endoscopist to ER.

Past medical history revealed chronic back pain for which he intermittently took
motrin 200 mg orally,  three times daily;  and mild anxiety occasionally requiring
diazepam,  5  mg  orally,  as  needed.  The  endoscopist  had  no  history  of
neuropsychiatric-disorders/illicit-drug-use/alcoholism/prior  similar  episodes.
Family  history  was  noncontributory.  Upon  evaluation  in  ER  30  min  later,  the
endoscopist was asymptomatic and appeared completely recovered from his change-
in-mental-status. His blood pressure was 130/91 mmHg, pulse was 82 beats/min and
regular, respiratory rate was 18 breaths/min, and temperature was 36.2 °C. He had
dry mucous membranes, absent axillary sweat, and poor skin turgor. His abdomen
was soft and nontender. He was alert; oriented to time, place, and person; and not
anymore confused.  Formal neurologic examination by a neurologist  revealed no
neurologic abnormalities. Routine serum electrolytes, basic metabolic panel, BUN,
creatinine, complete hemogram, and urinalysis were within normal limits.  Blood
alcohol level and urine screen for 8 commonly abused drugs were negative. EKG and
serial troponin levels showed no cardiac ischemia or cardiac arrhythmias. Head CT
and brain MRA with IV contrast revealed no abnormalities.

FINAL DIAGNOSIS

Case report 1
Endoscopist  was confused and disoriented at  EGD due to  toxic  encephalopathy
secondary  to  kidney  stone  obstructing  left  ureter,  complicated  by  left-sided
hydroureteronephrosis, urosepsis, and dehydration.

Case report 2
Transient confusion during EGD attributed to brief toxic encephalopathy attributed to
potential  neuropsychiatric  effects  of  alleged “motrin”  pills  given  by  a  stranger,
exacerbated by dehydration and acute back pain.

TREATMENT

Case report 1
Endoscopist received profuse IV hydration, and IV ceftriaxone 1 g/d for presumed
urosepsis.  Cystourethroscopy  revealed  left,  mid-ureteral  obstruction  from  an
impacted kidney stone. A J-stent was inserted into left ureter to bypass the ureteral
obstruction, and stone removal was deferred. Urine culture obtained from left ureter
during cystourethroscopy revealed > 10000 colony-forming-units/mL (normal:  <
10000 cfu/mL). He was discharged 1 d later when the creatinine level declined to 1.8
mg/dL, and received trimethoprim/sulfamethoxazole orally for 5 d as an outpatient.
At  repeat  cystourethroscopy  10  d  later,  the  left  ureteral  stone  was  successfully
extracted via basket.
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Figure 1

Figure 1  Abdomino-pelvic computed tomography without contrast. A: Left kidney stone. Sagittal section of abdomino-pelvic computerized tomograph without IV
contrast (not administered due to elevated creatinine) performed on admission in patient reported as case-1 demonstrates a 5.5-mm-wide, round, radiopaque, kidney
stone in left ureter (arrow), just rostral to the level of left iliac crest; B: Left-sided hydroureteronephrosis. Axial section of the same abdomino-pelvic CT at level of mid-
kidneys shows that this stone has caused left ureteral obstruction, left-sided hydroureter, and left-sided hydronephrosis. Note the severely dilated left renal calyx
(vertical arrow) and compressed left renal parenchyma (horizontal arrow), as compared to normal-sized right calyx and right kidney; C: Moderately severe diffuse
prostatomegaly. Axial section of the same abdomino-pelvic CT at level of rectum reveals moderately severe diffuse prostatomegaly, as demonstrated by the prostate
compressing the bladder [arrow shows upper (ventral) margin of prostrate compressing bladder].

Case report 2
Patient was admitted overnight for vigorous hydration and observation.

OUTCOME AND FOLLOW-UP

Case report 1
The patient’s  creatinine  and BUN levels  rapidly  normalized.  Chemical  analysis
revealed  a  calcium oxalate  monohydrate  and dehydrate  stone.  The  endoscopist
resumed seeing patients and performing GI endoscopy 10 d later with no neurologic
sequelae.

Case report 2
Patient became asymptomatic and was discharged the next morning. He resumed
seeing patients  and performing endoscopy 3  d after  hospital  discharge,  with no
neurologic sequelae.
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DISCUSSION
Both cases exhibited five notable syndromic features. First,  this syndrome is rare
(0.0011% of GI endoscopies performed by GIs). This is not surprising because GIs
performing endoscopy are generally healthy. Contrariwise, this syndrome can rarely
occur because GIs, like other individuals, are subject to human frailties, and these
frailties could manifest  during endoscopy,  which comprises a large part  of  their
workday.  Second,  impairment  first  manifested  abruptly  as  bizarre  endoscopic
interpretation and technique at endoscopy. Changes-in-mental-status may only be
first  appreciated  during  endoscopy  because  endoscopy  requires  sophisticated
cognitive and technical skills which can be readily affected by a change-in-mental-
status.  Third,  in  both  cases  endoscopy  nurses  first  detected  this  impairment.
Endoscopy nurses are highly trained, highly focused on endoscopy, and can directly
view endoscopic findings by video-monitor, to detect aberrant cognitive and technical
behavior  by  endoscopists.  Both  nurses  recognizing  bizarre  behavior  were  very
experienced (> 8 years nursing experience).  Fourth,  in both cases the change-in-
mental-status was caused by metabolic encephalopathy: Case-1-from urosepsis from
left ureteral obstruction from kidney stone impacted in left ureter (prostatomegaly a
possible predisposing factor), which was compounded by dehydration and ketonuria;
and case-2-occurring soon after taking two putative “motrin” pills given by a stranger
and resolving soon thereafter, suggesting that the putative “motrin” pills were the
proximate cause of impairment, probably exacerbated by dehydration. The impaired
endoscopist in case-2 speculated that the pill was not “motrin” but a neuropsychiatric
drug which could have been administered mistakenly or deliberately (as in “slipping
a Mickey Finn” alluding to Mickey Finn, a bartender who would spike alcoholic
drinks with chloral hydrate to make clients sleepy to rob them later)[2]. Change-in-
mental-status was not likely an allergic reaction to motrin because the endoscopist
had  previously  taken  motrin  frequently  without  toxicity.  Fifth,  both  impaired
endoscopists  rapidly recovered from their  toxic  encephalopathies,  and resumed
seeing patients and performing endoscopy within 10 d after hospitalization.

The following five administrative actions are recommended to manage the crises
(Figure 2). First, hospital administrators should recognize such incidents as medical
emergencies because of potential iatrogenic patient injury (e.g.  GI perforation) by
impaired endoscopists. For example, the second impaired endoscopist wildly turned
the steering dials, and forcefully bumped the endoscopic tip against the antral wall.
These effects of metabolic encephalopathy are biologically reasonable. Like a drunken
driver crashing a car due to erratic driving, an impaired endoscopist may bump the
endoscopic tip forcefully against the GI wall due to erratic steering and potentially
cause GI perforation. Inebriated drivers often fail the field sobriety test because they
cannot walk in a straight line. The neurologist, Oliver Sacks, published numerous case
reports of bizarre behavior due to neurologic impairments, such as a patient who
mistook his wife for a hat due to visual agnosia[3].  Second, this work illustrates a
reasonable chain-of-command for crisis management: Endoscopy nurse to endoscopy-
unit-nurse-administrator to Chief-of-GI. This avoids endoscopy nurses awkwardly
confronting endoscopists about faulty endoscopic technique, and defers action until
after  evaluation  by  Chief-of-GI,  who  as  a  practitioner  and  peer  of  impaired
endoscopists, should be highly familiar with endoscopic standards of care. Third, the
Chief-of-GI  was  paged  stat,  and  responded  immediately,  as  required  for  an
emergency. Fourth, the Chief-of-GI strongly advised impaired endoscopists in both
cases to abort the EGDs, and cancel all upcoming endoscopies to prevent iatrogenic
injury (following ethical imperative of “Physician, first do no harm!”)[1];  this was
accomplished by persuasion. Fifth, impaired endoscopists should be advised to go to
ER as recommended for diagnosis and treatment of acute-changes-in-mental-status.

The following two optional recommendations are proposed. First, if the patient
agrees,  the Chief-of-GI may accompany an impaired endoscopist  to demonstrate
professional camaraderie and facilitate ER evaluation. Second, with patient consent, a
urine  screen  for  commonly  abused  drugs  and  a  blood  alcohol  level  should  be
determined, because these agents account for approximately 30% of cases of acute-
change-in-mental-status[4]. Moreover, detection of drug addiction by physicians is
imperative to prevent patient harm[1,5].

Systematic literature review revealed that the reported cases are novel, even though
some literature exists on impaired physicians, surgeons, anesthesiologists, and other
specialists, especially from alcoholism or drug dependency[6-10].

Toxic encephalopathy can affect the cognitive behavior of any physician in any
specialty or subspecialty performing medical, surgical, or other specialty consults; can
affect  the  technical  performance  of  procedures  or  surgery  by  physicians  in  any
medical, surgical, or other specialty, such as cardiac catheterization, interventional
angiography, or intestinal surgery, as illustrated for GI endoscopy. Moreover, toxic
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Figure 2

Figure 2  Algorithm. Algorithm summarizing steps to recognize and manage bizarre performance of gastrointestinal
endoscopy by an impaired gastroenterologist-endoscopist. The first three steps relate to syndrome recognition. The
next two steps describe recommended actions by Chief of Gastroenterology. The last step relates to recommended
patient work-up in emergency room. See Discussion section and Supplementary Table 1 for fuller discussion of
syndrome recognition and management.

encephalopathy can affect other activities, such as driving a car or operating heavy
machinery,  due  to  cognitive  impairment.  Individuals  suffering  from  toxic
encephalopathy should refrain from these activities, and their supervisors should
intervene appropriately if necessary.

This study has limitations. First, it is retrospective. However, the author, as Chief-
of-GI,  prospectively  investigated  and  managed  the  work-up  of  the  impaired
endoscopists in real time, and thoroughly analyzed the events shortly thereafter for
quality assurance. Second, the author cannot exclude missed cases of this syndrome
during the study period, but such cases seem unlikely because this syndrome is so
conspicuous. Third, recommendations on incident management are based on expert
opinion by one GI, which may be subject to individual bias. However, Dr. Cappell has
extensive experience in senior administrative positions in academic gastroenterology
(see  Methods),  has  published  very  extensively  on  GI  endoscopy[11-13],  and  has
published on GI quality assurance[14,15].  Fourth,  this syndrome cannot be reliably
characterized by just two cases, and the findings require corroboration, even though
all reported syndromic features are biologically reasonable.

CONCLUSION
Two novel cases are reported of acute-change-in-mental-status manifesting as bizarre
endoscopic interpretation and technique from toxic encephalopathy. Such incidents
should be handled emergently to disengage impaired endoscopists from their patients
undergoing  endoscopy  because  of  dangers  of  impaired  endoscopists  causing
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iatrogenic injury (e.g., GI perforation).

REFERENCES
1 Glasscheibe HS.  New York: Putnam 1964; 164 The march of medicine: The emergence and triumph of

modern medicine, 1964: 164
2 Wikipedia. Mickey Finn (drugs).  Available from: https://en.wikipedia.org/wiki/Mickey_Finn_(drugs)
3 Sacks O.   The man who mistook his wife for a hat and other clinical tales. New York: Summit Books,

1985: 8-22
4 Francis J. Drug-induced delirium: Diagnosis and treatment. CNS Drugs 1996; 5: 103
5 Watkins D. Substance abuse and the impaired provider. J Healthc Risk Manag 2010; 30: 26-28 [PMID:

20677242 DOI: 10.1002/jhrm.20040]
6 The impaired surgeon. Diagnosis, treatment, and reentry. Committee on the Impaired Physician, American

College of Surgeons Board of Governors. Bull Am Coll Surg 1992; 77: 29-32, 39 [PMID: 10121119]
7 Jones JW, McCullough LB, Richman BW. An impaired surgeon, a conflict of interest, and supervisory

responsibilities. Surgery 2004; 135: 449-451 [PMID: 15041970 DOI: 10.1016/j.surg.2003.09.011]
8 Jones JW, McCullough LB. The question of an impaired surgeon dilemma. J Vasc Surg 2012; 56: 1761-

1762 [PMID: 23182487 DOI: 10.1016/j.jvs.2012.10.063]
9 Killewich LA. The impaired surgeon: revisiting Halstead. J Vasc Surg 2009; 50: 440-441 [PMID:

19631884 DOI: 10.1016/j.jvs.2009.05.001]
10 Sudan R, Seymour K. The Impaired Surgeon. Surg Clin North Am 2016; 96: 89-93 [PMID: 26612022

DOI: 10.1016/j.suc.2015.09.006]
11 Cappell MS. Evaluating the Safety of Endoscopy During Pregnancy: The Robust Statistical Power vs

Limitations of a National Registry Study. Gastroenterology 2017; 152: 475-479 [PMID: 28038928 DOI:
10.1053/j.gastro.2016.12.014]

12 Cappell MS, Iacovone FM Jr. Safety and efficacy of esophagogastroduodenoscopy after myocardial
infarction. Am J Med 1999; 106: 29-35 [PMID: 10320114 DOI: 10.1016/s0002-9343(98)00363-5]

13 Cappell MS. Safety and efficacy of colonoscopy after myocardial infarction: an analysis of 100 study
patients and 100 control patients at two tertiary cardiac referral hospitals. Gastrointest Endosc 2004; 60:
901-909 [PMID: 15605004 DOI: 10.1016/s0016-5107(04)02277-1]

14 Cappell MS. Complaints against gastroenterology fellows. Gastrointest Endosc 2014; 80: 153-155
[PMID: 24950643 DOI: 10.1016/j.gie.2014.03.027]

15 Cappell MS, Friedel DM. Stricter national standards are required for credentialing of endoscopic-
retrograde-cholangiopancreatography in the United States. World J Gastroenterol 2019; 25: 3468-3483
[PMID: 31367151 DOI: 10.3748/wjg.v25.i27.3468]

WJG https://www.wjgnet.com March 7, 2020 Volume 26 Issue 9

Cappell MS. Bizarre performance of endoscopy by gastroenterologists

991

https://en.wikipedia.org/wiki/Mickey_Finn_(drugs)
http://www.ncbi.nlm.nih.gov/pubmed/20677242
https://dx.doi.org/10.1002/jhrm.20040
http://www.ncbi.nlm.nih.gov/pubmed/10121119
http://www.ncbi.nlm.nih.gov/pubmed/15041970
https://dx.doi.org/10.1016/j.surg.2003.09.011
http://www.ncbi.nlm.nih.gov/pubmed/23182487
https://dx.doi.org/10.1016/j.jvs.2012.10.063
http://www.ncbi.nlm.nih.gov/pubmed/19631884
https://dx.doi.org/10.1016/j.jvs.2009.05.001
http://www.ncbi.nlm.nih.gov/pubmed/26612022
https://dx.doi.org/10.1016/j.suc.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/28038928
https://dx.doi.org/10.1053/j.gastro.2016.12.014
http://www.ncbi.nlm.nih.gov/pubmed/10320114
https://dx.doi.org/10.1016/s0002-9343(98)00363-5
http://www.ncbi.nlm.nih.gov/pubmed/15605004
https://dx.doi.org/10.1016/s0016-5107(04)02277-1
http://www.ncbi.nlm.nih.gov/pubmed/24950643
https://dx.doi.org/10.1016/j.gie.2014.03.027
http://www.ncbi.nlm.nih.gov/pubmed/31367151
https://dx.doi.org/10.3748/wjg.v25.i27.3468


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2020 March 7; 26(9): 992-994

DOI: 10.3748/wjg.v26.i9.992 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LETTER TO THE EDITOR

Results of meta-analysis should be treated critically

Rong-Qiang Liu, Yi Shao

ORCID number: Rong-Qiang Liu
(0000-0001-7993-8891); Yi Shao
(0000-0003-1571-2433).

Author contributions: Liu RQ and
Shao Y designed and performed
the research, and analyzed the
data; Liu RQ wrote the letter; Liu
RQ revised the letter.

Supported by National Natural
Science Foundation of China, No.
81400372; Youth Science
Foundation of Jiangxi Province,
No. 20151BAB21516; Science and
Technology Plan Project of Jiangxi
Province, No. 20151BBG70223;
Association for Science and
Technology of Jiangxi Province,
No. 20111BBG70026-2; Science and
Technology Plan of Jiangxi
Provincial Health and Family
Planning Commission, No.
20164017 and No. 20155154.

Conflict-of-interest statement:
Osamu Yokosuka has received
research funding from Chugai
Pharma.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Rong-Qiang Liu, Yi Shao, Department of Ophthalmology, The First Affiliated Hospital of
Nanchang University, Nanchang 330006, Jiangxi Province, China

Rong-Qiang Liu, Department of Hepatobiliary Surgery, The First Affiliated Hospital of
Guangzhou Medical University, Guangzhou 510220, Guangdong Province, China

Corresponding author: Yi Shao, MD, PhD, Director, Doctor, Department of Ophthalmology,
The First Affiliated Hospital of Nanchang University, No. 17, YongWaiZheng Street, DongHu
District, Nanchang 330006, Jiangxi Province, China. freebee99@163.com

Abstract
Proton pump inhibitors use increases hepatic encephalopathy risk in patients
with liver disease.
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Core tip: Proton pump inhibitors (PPIs) have been widely used in patients with liver
disease. In general, PPIs are considered safe. However, accumulating evidence indicates
that long-term and excessive use of PPIs without clear indication can lead to serious
adverse reactions. Some epidemiological studies have investigated the association of PPI
use with the risk of hepatic encephalopathy. However, the results are controversial. The
study reveals that PPI use increases hepatic encephalopathy risk in patients with liver
disease. This reminds clinicians to be more cautious when using PPIs in patients with
liver disease.
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TO THE EDITOR
We read the recently published meta-analysis on the association between proton
pump inhibitor (PPI) and hepatic encephalopathy (HE)[1].  The authors found that
there  was  a  significant  association  between  PPI  use  and  HE  risk  with  low
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heterogeneity  (I2  =  14.2%).  In  fact,  a  correct  analysis  showed  an  even  stronger
association. First, the author made an error in extracting the data. The study by Tsai et
al[2] provided three dose-related odds ratios (ORs) of 1.41 (1.09-1.84), 1.51 (1.11-2.06)
and 3.01 (1.78-5.10), and the meta-analysis by Ma et al[1] incorrectly used only the first
OR. According to the study of Hamling et al[3], we recalculated that the correct OR was
1.59  (1.30-1.95).  The  results  of  the  meta-analysis  revealed  that  PPI  use  was
significantly associated with the risk of HE with a pooled OR of 1.97 (95% confidence
interval [CI]: 1.51–2.58) by using a random effects model (I2 = 57.1%). The forest plot is
shown in Figure 1. In addition, we used the data which were given by Ma et al[1] to
perform comprehensive analysis. The pooled OR was 1.97 (1.47, 2.65) instead of 1.50
(1.25, 1.75) and the I2 was 61.2% instead of 14.2%. The results are shown in Figure 2.
The  incorrect  operations  of  Ma et  al[1]  from using  software  may be  the  cause  of
inconsistencies.  Due to  the obvious heterogeneity,  subgroup analysis  and meta-
regression should be performed to explore the sources of heterogeneity.

The fixed effects model assumes that all the included studies have the same true
effect size, while the true effect size in the random effects model varies with different
studies. When the observed effect size of each study approaches or equals its true
effect size, the heterogeneity is not obvious and the fixed effect model should be used.
Otherwise, the random effects model is used. The Cochrane Handbook has stated that
when I2  is  less than 40%, a fixed effects model should be used for meta-analysis.
Otherwise,  a  random  effect  model  should  be  used.  In  general,  the  conclusions
obtained by random effects models tend to be conservative, and thus can be used in
any case. However, when the heterogeneity is significant, only the random effect
model can be used, and further analysis is needed to find the sources of heterogeneity.

In conclusion, our results demonstrated that PPI use increased HE risk, consistent
with the study of Ma et al[1]. However, the meta-analysis by Ma et al[1] is flawed. More
accurate statistical analysis is necessary to improve the quality of this meta-analysis.
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Figure 1

Figure 1  Forest plot of the association between proton pump inhibitor use and hepatic encephalopathy.

Figure 2

Figure 2  Forest plot of proton pump inhibitor use and risk of hepatic encephalopathy.
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