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Abstract
Diseases of the liver and biliary tree have been 
described with significant frequency among patients 
with human immunodeficiency virus (HIV), and its 
advanced state, acquired immunodeficiency syndrome 
(AIDS). Through a variety of mechanisms, HIV/AIDS 
has been shown to affect the hepatic parenchyma 
and biliary tree, leading to liver inflammation and 
biliary strictures. One of the potential hepatobiliary 
complications of this viral infection is AIDS cholang
iopathy, a syndrome of biliary obstruction and liver 
damage due to infection-related strictures of the 
biliary tract. AIDS cholangiopathy is highly associated 
with opportunistic infections and advanced immuno
suppression in AIDS patients, and due to the increased 
availability of highly active antiretroviral therapy, is 
now primarily seen in instances of poor access to anti-
retroviral therapy and medication non-compliance. 
While current published literature describes well the 
clinical, biochemical, and endoscopic management 
of AIDS-related cholangiopathy, information on its 
epidemiology, natural history, and pathology are not 
as well defined. The objective of this review is to 
summarize the available literature on AIDS cholangio
pathy, emphasizing its epidemiology, course of disease, 
and determinants, while also revealing an updated 
approach for its evaluation and management.

Key words: prognosis; human immunodeficiency virus 
complications; Epidemiology; human immunodeficiency 
virus cholangiopathy; acquired immunodeficiency 
syndrome; mortality 
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Core tip: Though a declining phenomenon in the 
Western world, acquired immunodeficiency syndrome 
(AIDS)-related cholangiopathy has been shown to 
cause significant burden and remains an important 
etiology of hepatobiliary pathology in those affected 
with human immunodeficiency virus (HIV). While it 
is linked to advanced immunosuppression in AIDS 
patients, particularly in those with extremely low CD4 
counts and opportunistic infections, as well as those 
with drug-resistant HIV infection, it is also seen in 
developing countries due to less available anti-retroviral 
therapy, decreased awareness, and medication non-
compliance.

Naseer M, Dailey FE, Juboori AA, Samiullah S, Tahan V. 
Epidemiology, determinants, and management of AIDS 
cholangiopathy: A review. World J Gastroenterol 2018; 
24(7): 767-774  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i7/767.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.767

INTRODUCTION
Human immunodeficiency virus (HIV) is a global 
pandemic and it has been estimated that 37 million 
people are infected with it worldwide. Acquired im­
munodeficiency syndrome (AIDS) is associated with 
high morbidity and mortality due to increased risk of 
opportunistic infections and malignancy[1]. However, 
there has been significant decline in morbidity and 
mortality associated with HIV/AIDS with the advent 
of highly active antiretroviral therapy (HAART)[2]. In 
December of 2013, UNAIDS (Joint United Nations 
Programme on HIV/AIDS) proposed new targets 
for HIV treatment scale-up i.e., by 2020, 90% of all 
people living with HIV will know their HIV status, 
90% of all people with diagnosed HIV infection will 
receive sustained antiretroviral therapy and 90% of all 
people receiving antiretroviral therapy will have viral 
suppression for effective control of HIV[3].

HIV affects the hepatic parenchyma and biliary 
tree, leading to liver inflammation and biliary strictures. 
According to observational cohort studies published 
by the D.A.D. study group (Data collection on Adverse 
Events of Anti-HIV drugs) and Palella et al[4], deaths 
in HIV infection due to liver disease are on the rise; 
approximately 14%-18% of deaths among HIV/AIDS 
patients were attributed to liver diseases in these 
studies[5]. 

Hepatobiliary dysfunction is common in HIV/AIDS. 
It has been well established that HIV directly affects 
hepatocytes, Kupffer cells, and endothelial cells[6]. 
Abnormalities in liver chemistries are common among 
HIV-infected persons, even in the absence of hepatitis 

B and C infections. Mechanisms by which HIV exerts 
its effect on hepatocytes include but are not limited 
to: oxidative stress secondary to mitochondrial injury, 
lipotoxicity, immune-mediated cell damage, accu­
mulation of toxic metabolites within hepatocytes, 
and translocation of gut microbiota causing systemic 
inflammation, senescence, and nodular regenerative 
hyperplasia[7]. 

Liver diseases in HIV are generally classified 
into three main categories. The first group consists 
of diseases associated with immunosuppression, 
including AIDS cholangiopathy, acalculous cholecystitis, 
AIDS-related neoplasms (non-Hodgkin lymphoma and 
Kaposi sarcoma), and vanishing bile duct syndrome. 
The next set relates to drug-induced hepatotoxicity 
secondary to HAART. The last category involves 
worsening of co-infection with hepatitis B and C 
viruses, encompassing accelerated liver damage and 
progression of fibrosis. In addition, patient with HIV/
AIDS are at increased risk of non-alcoholic fatty liver 
disease and nodular regenerative hyperplasia[8]. 

AIDS cholangiopathy is a well-documented biliary 
syndrome in severely immunocompromised AIDS 
patients[9]. It occurs when strictures in the biliary 
tract develop due to opportunistic infections, leading 
to biliary obstruction and cholestatic liver damage[10]. 
The condition was first recognized in 1983 by Pitlik 
et al[11] and Guarda et al[12] among immunocompromised 
humans. Following these reports, investigations of right 
upper quadrant pain and elevated liver enzymes in 
severely immunocompromised AIDS patients revealed 
several opportunistic pathogens, implicating the pa­
thogenesis of AIDS cholangiopathy[13]. Furthermore, 
Schneiderman et al[14] published a case series in 1987 
highlighting the endoscopic appearance of papillary 
stenosis involving the intrahepatic and extrahepatic 
biliary tree and associated with sclerosing cholangitis. In 
1989, Cello identified four patterns of cholangiographic 
features resembling primary sclerosing cholangitis 
(PSC), including papillary stenosis, long extrahepatic 
strictures, acalculous cholecystitis, and intrahepatic and 
extrahepatic sclerosing lesions[15].

Several case series and reviews are published 
highlighting the clinical, biochemical, and endoscopic 
management of AIDS-related cholangiopathy. Still, little 
is known about its epidemiology and natural history, as 
well as the determinants of its pathology in developed 
and developing countries. In this review article, we 
will focus on the epidemiology, determinants, and 
management of AIDS related cholangiopathy. 

Epidemiology
Actual data on the incidence and prevalence of AIDS-
related cholangiopathy is largely lacking, especially 
from developing countries. In the pre-HAART era, the 
estimated prevalence of this entity was 26%-46%[16]. 
To date, approximately 250 cases are reported in the 
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literature-mostly before the introduction of HAART. 
Although rarely reported in developed countries, 
AIDS-related cholangiopathy remains an important 
differential of cholestatic liver disease in HIV-infected 
patients, attributable to resistance to the first line 
antiretroviral medications[17]. Meanwhile, it is still a 
problem in developing countries due to poor access to 
HAART, decreased awareness about the disease, and 
medication non-compliance[18]. 

Determinants
Although exact knowledge about the natural history 
of AIDS cholangiopathy and its determinants is not 
available from currently published literature, the 
disease is found to be associated with advanced immu­
nosuppression (CD4 count < 100/mm3). Approximately 
82% of patients with this disease have opportunistic 
infections at the time of diagnosis[19]. At the time of 
diagnosis of cholangitis in AIDS patients, approximately 
27% have been found to also have Pneumocystis carinii 
pneumonia, 100% with candidiasis, 20% with HSV 
infection, and 26% with cutaneous Kaposi sarcoma[20]. 
AIDS-related cholangitis is most commonly reported 
in young men who have sex with men with a mean 
age of 37 years[21]. Conversely, it is more common in 
heterosexual men in developing counties and rarely 
associated with Kaposi sarcoma[22]. 

Etiology and pathogenesis
Opportunistic infections of the biliary tract associated 
with advanced immunosuppression in AIDS has been 
well documented in the literature. Cryptosporidium 
parvum (C. parvum) is the most common pathog­
en associated with AIDS cholangiopathy and has 
been has been isolated in 20%-57% of patients[23]. 
Sources of samples for diagnosis include: bile duct 
epithelium by ampullary biopsy, bile samples, and 
stool samples. Epidemiological studies show that C. 
parvum-associated diarrhea is common in developed 
and developing countries and can be seen in both 
immunocompetent and immunocompromised hosts[24]. 
However, cholangiopathy is only reported in the 
immunocompromised state associated with AIDS. 
The incidence of C. parvum infection in AIDS patients 
is reported to be 3%-4% in developed countries and 
approximately 50% in patients in the developing 
world prior to the advent of HAART[25]. This pathogen 
is still the most common infectious cause of AIDS 
cholangiopathy in patients who either do not have 
access to medications or have documented resistance 
to first-line HAART.

It has been proposed that HIV and C. parvum acts 
synergistically in the biliary system. The mechanism 
by which C. parvum causes AIDS cholangiopathy 
is not entirely clear. Results of the in vitro study 
published by O’Hara and associates in 2007 suggests 

that C. parvum induces apoptotic cell death in the 
infected cholangiocytes through Fas/Fas ligand (FasL) 
system which is further potentiated by the synergistic 
effects of the HIV-1 trans-activator of transcription 
(Tat) protein (figure 1). FasL protein expression in 
the cytoplasm of the cultured hepatocyte and its 
translocation is enhanced by the HIV-1 Tat protein. In 
addition, the HIV-1 Tat protein causes release of full-
length FasL in infected cells; consequently, apoptotic 
cell death in uninfected cholangiocytes leads to 
damage of the biliary epithelia, which occurs almost 
exclusively in patients infected with HIV[26,27]. Another 
proposed mechanism of pathology is autonomic 
nerve damage in the intestine caused by C. parvum, 
resulting in sphincter of Oddi dysfunction and papillary 
stenosis, which is in turn linked to disordered motility 
in the biliary tract[28]. 

The next-most common pathogen implicated in 
the pathogenesis of AIDS cholangiopathy is cytome­
galovirus (CMV). It is estimated that 10%-20% of 
AIDS cholangitis is caused by CMV. Here, the damage 
is usually found in the arterioles close to the biliary 
canals, rather than within biliary epithelial cells. It 
has been postulated that CMV causes vascular injury 
leading to ischemic damage[15]. 

Microsporidia is another opportunistic pathogen 
that has been found to be associated with AIDS 
cholangiopathy in immunocompromised hosts. The 
estimated prevalence of AIDS cholangiopathy caused 
by microsporidia is around 10%, and Enterocytozoon 
bieneusi (E. bieneusi) is involved in 80%-90% of 
these cases. A series of 20 cases reported by some 
researchers showed that E. bieneusi was the only 
causative organism in those HIV-infected patients with 
diarrhea. Another study published by Pol et al[29] found 
this pathogen in the biliary samples of all 8 patient 
studies[30]. 

There are several other pathogens implicated in AIDS 
cholangiopathy, but are less well-described. Isospora is 
a well-known opportunistic pathogen in AIDS patients 
associated with chronic diarrhea; however, its association 
with AIDS cholangiopathy is relatively underestimated[31]. 
Recently, Histoplasma capsulatum was also reported in 
HIV infections, causing structural changes suggestive of 
AIDS cholangiopathy. In some cases, multiple pathogens 
are involved in the pathogenesis[32]. Clearly, there are 
several opportunistic infections associated with the 
development of cholangiopathy in AIDS, with the most 
common being C. parvum, CMV, and E. bieneusi.

Diagnosis
Clinical, biochemical and imaging studies necessary for 
the diagnosis of AIDS related cholangiopathy are as 
follows:

Symptoms and signs
The clinical presentation of AIDS cholangiopathy 
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Liver biopsy
Microscopically, the changes of AIDS cholangiopathy 
are usually consistent with sclerosing cholangitis[37].

Imaging studies
Ultrasound: Being cost-effective, sonography is an 
ideal screening imaging modality in an HIV-infected 
patient suspected to have hepatobiliary pathology. The 
most common abnormalities associated with AIDS 
cholangiopathy include the dilatation of intrahepatic 
and extrahepatic ducts, followed by a prominent/
dilated common bile duct (CBD), and in some patients, 
a beaded appearance can also be noted. According to 
a study published by Daly and associates, ultrasound 
is 98% accurate in predicting normal or abnormal 
endoscopic retrograde cholangiopancreatography 
(ERCP) in AIDS cholangiopathy-it is 97% sensitive and 
100% specific in predicting ERCP abnormalities in this 
clinical setting. Another commonly seen abnormality is 
the presence of hyperechoic echogenic nodules at the 
distal end of the CBD, which represents edema of the 
papilla of Vater noted on ERCP[38,39]. 

Contrast-enhanced multidetector computed 
tomography: Computed tomography (CT) scans are 
used widely to evaluate causes of acute and chronic 
abdominal pain, such as acute pancreatitis in HIV-infected 
patients. Abdominal CT scans with contrast provide 
detailed information about hepatic and pancreatic paren­
chyma and vasculature. In HIV cholangitis, findings of 
intrahepatic and extrahepatic biliary ductal dilatation in 
the absence of external compression from malignant 

is variable, ranging from asymptomatic disease to 
severe right upper quadrant pain associated with 
nausea, vomiting, and diarrhea. Presence of papillary 
stenosis is the primary determinant of abdominal pain 
severity. Less common presenting features include 
fever and jaundice, usually seen with complete bile 
duct obstruction. When present, fevers are usually low-
grade, but spiking high-grade fevers can be seen with 
superimposed bacterial cholangitis. Substantial weight 
loss is also seen commonly, while pruritus is uncommon. 
On physical examination, abdominal tenderness and 
hepatomegaly are reported in some case reports[21,33,34]. 

Laboratory criteria
Elevated liver enzymes, especially markedly elevated 
alkaline phosphatase and gamma-glutamyl transferase 
(GGT), is the most common biochemical abnormality 
associated with AIDS cholangiopathy. It is especially 
seen in AIDS cholangiopathy associated with dis­
seminated mycobacterium avium complex (MAC). 
Obstruction of the smaller branches of the biliary tree 
due to granulomatous infiltration from disseminated 
MAC is the possible underlying explanation. Only mild 
to moderate elevation has been observed in other 
liver chemistries such as alanine aminotransferase 
and aspartate aminotransferase. Serum bilirubin may 
remain normal or elevated, depending on the severity 
of papillary duct stenosis. In approximately one-fourth 
of patients, the presentation of AIDS cholangiopathy 
is subtle and not associated with any biochemical 
abnormalities despite the evidence of cholangiographic 
abnormalities on imaging studies[35,36]. 

HIV Tat protein
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FAS

Cell membrane

CASPACE 8

CASPACE 9

CYTO-C

P53

NF-κB

Apoptosis

Nucleus

Oxidative stress

Endoplasmic 
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Figure 1  Molecular mechanism of human immunodeficiency virus cholangiopathy induced by Cryptosporidium parvum.
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masses are seen commonly[40].  

Cholangiography: Magnetic resonance cholangio­
pancreatography (MRCP) is noninvasive and has similar 
sensitivity to ERCP in diagnosing the characteristic 
findings of AIDS cholangiopathy. In addition, the risk 
of complications seen more in ERCP such as iatrogenic 
pancreatitis, duodenal perforation, hemorrhage, and 
ascending cholangitis are rare. Currently, MRCP is 
preferred over ERCP unless there is need for diagnostic 
and therapeutic procedures, such as brushing, sphinc­
terotomy, or placement of stents due to biliary strictures.

According to the published literature, the most 
common cholangiographic finding in AIDS cholang­
iopathy is papillary stenosis, which is a smoothly 
tapered stricture at the distal end of the CBD at the 
level of the hepatopancreatic ampulla. In two-thirds 
of cases, papillary stenosis is present either alone 
or in combination with intrahepatic ductal dilatation 
and multifocal intrahepatic biliary strictures with 
alternating normal segments, or saccular dilatations. 
The characteristic “beaded” appearance of intrahepatic 
sclerosing cholangitis-like pattern without intrahepatic 
and extrahepatic bile duct abnormalities is observed in 
20% of patients. The fourth cholangiographic pattern 
seen in 6%-15% of patients corresponds to a 1-3 cm 
segmental extrahepatic biliary stricture with or without 
intrahepatic involvement[41-43].

Management 
Symptomatic treatment with opioids such as morphine 
and CT-guided celiac plexus block has been effective 
in alleviating abdominal pain[44]. Treatment of oppor­
tunistic infections is surprisingly ineffective in halting 
the progression of sclerosing cholangitis and papillary 
stenosis. Cryptosporidium, by far the most common 
pathogen implicated in the pathogenesis of AIDS 
cholangitis, has no effective eradication therapy[45]. In 
a few studies, paromomycin, azithromycin, and more 
recently nitazoxanide have been used without promising 
results[46,47]. Intravenous gancyclovir and foscarnet 
are also not beneficial for treatment of CMV-related 
cholangitis[48]. Though albendazole has been used 
with some success in disseminated Enterocytozoon 
intestinalis infection including cholangitis, the thera­
peutic effect seems to be transient[49]. Trimethoprim-
sulfamethoxazole for cyclopora has been used with 
little success[50]. Treatment is recommended with oral 
trimethoprim-sulfamethoxazole in addition to ivermectin 
for isospora[51]. 

Use of ursodeoxycholic acid (URSO) in AIDS cho­
langiopathy is associated with symptomatic improv­
ement in abdominal pain and normalization of liver 
chemistries after sphincterotomy for papillary stenosis[52]. 
According to the pilot study published by Castiella 
et al[53] in 1997, which included four patients with 
AIDS cholangiopathy treated with URSO, 100% 
reported resolution in abdominal pain after 2-4 mo on 

treatment, and 50% showed improvement in alkaline 
phosphatase. The mechanism for improvement in pain 
and liver chemistries with URSO treatment in AIDS 
cholangiopathy is not yet clear.

To date, the best treatment of opportunistic pathogens 
causing AIDS-related cholangiopathy is restoration of 
immune function using HAART or switching to second-
line HAART if there is evidence of resistance. The data 
regarding improvement in clinical symptoms and 
radiological findings after HAART initiation is conflicting. 
While most case series studies show improvement 
in abdominal pain, normalization of liver chemistries, 
and decrease in the progression of intrahepatic and 
extrahepatic biliary involvement, a case described 
by Imai et al[54] showed that intrahepatic biliary duct 
stenosis progressed even after the timely initiation of 
HAART[55]. 

Endoscopic sphincterotomy usually provides sy­
mptomatic relief of abdominal pain in cholangitis 
associated with papillary stenosis by decompressing 
the bile ducts and improving drainage in the biliary 
tree. The value of endoscopic sphincterotomy has 
been evaluated in multiple case series. Endpoints of 
follow-up evaluation were improvement in pain score 
and cholestasis, decrease in the biliary dilatation, 
and decreased progression of sclerosing cholangitis. 
According to the prospective study published by Cello 
et al[56], ERCP sphincterotomy was associated with 
significant improvement in pain scores up to at least 
9 mo of follow-up. However, there was no significant 
improvement in the level of alkaline phosphatase, and 
progression of intrahepatic sclerosing cholangitis was 
observed. These findings are supported by several 
other studies as well. Though experience is limited, 
there have been reports of successful biliary stent use in 
patients with both long and proximal strictures[57]. 

Prognosis
The survival of patient with AIDS cholangiopathy is 
generally poor because of disease association with 
advanced stages of immunosuppression and the 
presence of multiple opportunistic infections. In the 
pre-HAART era, 1-year survival was reported to be 
14%-41% with a mean survival of 7-12 mo[58,59]. 
Remarkable improvement was reported in the median 
survival of the patients with AIDS cholangiopathy 
during the last decade, including reports of up to 
34 mo median survival. This is thought to be due 
to earlier diagnosis and management of HIV/AIDS, 
and improved access to HAART. According to the 
prospective study published by Ko[60], the factors 
associated with poor prognosis in AIDS cholangiopathy 
include history or presence of opportunistic infections, 
and elevation in the level of alkaline phosphatase eight 
times above the upper limit of normal. CD4 count, 
severity of cholangiopathy, and sphincterotomy for 
decompression of the biliary tract each have no effect 
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on mortality. In the same study, factors associated 
with improved survival of the patient but became 
insignificant after adjusting for confounding factors 
were older age (30 years or older), the absence of 
opportunistic infection, diagnosis of AIDS after 1993, 
and AIDS cholangiopathy after 1996.

Complications
So far, the primary complications reported to be caused 
by AIDS-related cholangiopathy are development of 
cholangiocarcinoma and progression of sclerosing 
cholangitis despite appropriate treatment. Chronic 
biliary infection from opportunistic pathogens seen in 
AIDS cholangiopathy initiate the dysplastic process 
in the biliary epithelium, leading to development of 
cholangiocarcinoma. These complications can occur 
even after restoration of immune function with HAART 
and improvement in CD4 count, pointing to the 
fact that the biliary dysplasia associated with AIDS 
cholangiopathy is irreversible and refractory to HAART-
induced immune restoration[61-63]. 

Conclusion
Clearly, there is still much to be learned regarding 
AIDS cholangiopathy, particularly with its epidemiology, 
natural history, and determinants of pathology. While 
proper diagnosis of this disease has been well described 
and refined over the years, efficacious treatment 
methods for improving both symptomatic and pathologic 
processes, as well as preventing grave complications, 
still leave much to be desired. Hopefully, increased 
awareness of AIDS cholangiopathy through review 
articles such as this, will lead to further studies and 
better treatment options for afflicted patients, across 
both developed and developing countries, in the near 
future.
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Abstract
AIM
To investigate by immunostaining glucose transporter 
expression in human colorectal mucosa in controls and 
patients with inflammatory bowel disease (IBD). 

METHODS
Colorectal samples were obtained from patients 
undergoing lower endoscopic colonoscopy or recto-
sigmoidoscopy. Patients diagnosed with ulcerative 
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colitis (n  = 18) or Crohn’s disease (n  = 10) and 
scheduled for diagnostic colonoscopy were enrolled. 
Patients who underwent colonoscopy for prevention 
screening of colorectal cancer or were followed-up after 
polypectomy or had a history of lower gastrointestinal 
symptoms were designated as the control group 
(CTRL, n  = 16). Inflammatory status of the mucosa 
at the sampling site was evaluated histologically 
and/or endoscopically. A total of 147 biopsies of 
colorectal mucosa were collected and processed for 
immunohistochemistry analysis. The expression of 
GLUT2, SGLT1, and GLUT5 glucose transporters was 
investigated using immunoperoxidase labeling. To 
compare immunoreactivity of GLUT5 and LYVE-1, which 
is a marker for lymphatic vessel endothelium, double-
labeled confocal microscopy was used. 

RESULTS
Immunohistochemical analysis revealed that GLUT2, 
SGLT1, and GLUT5 were expressed only in short 
epithelial portions of the large intestinal mucosa. 
No important differences were observed in glucose 
transporter expression between the samples obtained 
from the different portions of the colorectal tract and 
between the different patient groups. Unexpectedly, 
GLUT5 expression was also identified in vessels, mainly 
concentrated in specific areas where the vessels were 
clustered. Immunostaining with LYVE-1 and GLUT5 
antibodies revealed that GLUT5-immunoreactive (-IR) 
clusters of vessels were concentrated in areas internal 
to those that were LYVE-1 positive. GLUT5 and LYVE-1 
did not appear to be colocalized but rather showed a 
close topographical relationship on the endothelium. 
Based on their LYVE-1 expression, GLUT5-IR vessels 
were identified as lymphatic. Both inflamed and non-
inflamed mucosal colorectal tissue biopsies from the 
IBD and CTRL patients showed GLUT5-IR clusters of 
lymphatic vessels. 

CONCLUSION
Glucose transporter immunoreactivity is present in 
colorectal mucosa in controls and IBD patients. GLUT5 
expression is also associated with lymphatic vessels. 
This novel finding aids in the characterization of lym
phatic vasculature in IBD patients.

Key words: Ulcerative colitis; Colon; Crohn’s disease; 
Glucose transporter; LYVE-1, Immunohistochemistry

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Our study demonstrates that GLUT2, SGLT1, 
and GLUT5 glucose transporters are expressed in 
the colorectal mucosa in controls and patients with 
inflammatory bowel disease (IBD). In addition, it 
provides first evidence that GLUT5 expression is 
associated with lymphatic vessels in controls and IBD 
patients. GLUT5-immunoreactive vessels were isolated 
or clustered in specific areas. We interpreted the 
presence of clusters as a pattern related to proliferative 

zones. As GLUT5 is the main fructose transporter, 
fructose may have a role in the atypical aggregation 
of lymphatic vessels. This novel finding yields 
further insight into the characterization of lymphatic 
vasculature, whose dysfunction is a long-recognized 
feature in humans with IBD.

Merigo F, Brandolese A, Facchin S, Missaggia S, Bernardi P, 
Boschi F, D’Incà R, Savarino EV, Sbarbati A, Sturniolo GC. 
Glucose transporter expression in the human colon. World J 
Gastroenterol 2018; 24(7): 775-793  Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i7/775.htm  DOI: http://
dx.doi.org/10.3748/wjg.v24.i7.775

INTRODUCTION
Facilitative monosaccharide transport across the 
cell membrane is mediated by the GLUT family of 
membrane proteins encoded by the solute carrier 
transporter 2 (SLC2) gene. The GLUT protein family 
comprises 14 isoforms that differ by expression 
pattern and by affinity for sugars, polyols, and other 
carbon compounds[1]. The GLUT5 and GLUT2 (also 
known as SLC2A5 and SLC2A2, respectively) isoforms 
are predominantly but not exclusively distributed in 
the intestine.

GLUT5 is a sugar transporter that facilitates fructose 
uptake. In mice, GLUT5 mRNA is abundantly detected 
by in situ hybridization and PCR in the small intestine 
but not in the large intestine. It is expressed in the 
small intestine and other organs such as the brain, 
testes, skeletal muscle, adipocytes, and kidneys[2,3]. In 
enterocytes, it is located on the apical membrane. In 
the small intestine of rats, GLUT5 expression may be 
increased by exposure to fructose (or its metabolites), 
steroids, and thyroid hormones depending on age and 
weaning stage[4-7]. GLUT5 expression differs according 
to insulin-resistance in adipocytes and duodenal 
enterocytes[8,9]. It is also implicated in the develop
ment of metabolic diseases such as fructose-induced 
hypertension and non-alcoholic fatty liver disease[10].

GLUT2 expression is widely present throughout the 
digestive system[11], greatest in the small intestine and 
least in the terminal ileum. Molecular biology studies 
indicate that it is not expressed in the large intestine 
in mice[12]. In humans, GLUT2 expression has been 
observed in enterocytes and enteroendocrine L-cells. 
In enterocytes, it is mainly located in the basolateral 
membrane where it facilitates the passage of glucose 
towards the interstitial space and bloodstream. In 
mice, it has been observed in the apical region of 
enterocytes after a sugar-rich meal or when insulin-
resistance develops[13-16]. GLUT2 is also expressed in 
enteroendocrine L-cells of the distal small intestine 
and large intestine in humans, and it is responsible for 
the secretion of glucagon-like peptide 1 (GLP-1)[17-19]. 
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Because of the gradient of glucose concentration 
between the cytosol and the intestinal lumen, glucose 
uptake by enterocytes depends mostly on SGLT1, which 
is a Na+/glucose co-transporter of the human family 
SLC5[20]. SGLT1 is located on the apical membrane of 
enterocytes[21]. In mice, SGLT1 expression was found 
to be intensely present from the duodenum to the 
end of the ileum where its levels tend to decrease, 
as demonstrated by in situ hybridization and PCR 
techniques. In the large intestine, SGLT1 expression 
remains controversial because SGLT1 mRNA in the 
proximal colon has been detected by in situ hybridi
zation but not by PCR[12]. SGLT1 is also known to be 
implicated in glucose-mediated GLP1 exocytosis through 
depolarization of the L-cell membrane[22].

Further implications of these transporters other than 
sugar uptake and metabolism have been proposed for 
inflammation, malignancy, and gut microbiota regu
lation. Research has shown that GLUT5 activity and 
expression are regulated under normal conditions but 
they are altered in pathological conditions[7]. GLUT5 is 
over-expressed in malignant but not in normal human 
tissues, including colonic and hepatic tissues, and it can 
be considered an important diagnostic or therapeutic 
target in tumors relying on fructose for proliferation 
such as breast cancer and pancreatic cancer[23-25]. 
GLUT5 mRNA levels in non-inflamed small intestine of 
rats with iodacetamide-induced colitis were observed 
to be lower than in controls, suggesting a possible link 
between this fructose transporter and inflammatory 
cytokines. On the other hand, fructose absorption in 
rabbit was found to be inversely proportional to TNF-
alpha expression and bacterial lipopolysaccharide (LPS) 
exposure[26,27]. In mice models, GLUT5 deficiency has 
been reported to be associated with severe malab
sorption due to dilation of the cecum and colon[28]. 

GLUT2 has a high affinity for glucosamine, an 
amino-monosaccharide with anti-inflammatory activity 
against sodium dextran sulfate-induced colitis, which 
is a model for inflammatory bowel disease (IBD) in 
rats[29]. Moreover, it has also been reported to have 
a role in modulating gut microbiota: after intestinal-
specific deletion of GLUT2 in mice, an increase in 
commensal bacteria was observed in association with 
an improvement in inflammatory status[19]. 

SGLT1 (like GLUT2) mRNA and protein levels 
were found to be significantly increased in intestinal 
biopsies of diabetic human subjects[9]. Some mecha
nisms of cellular survival linked to SGLT1 have been 
demonstrated in Caco-2 cells models when exposed 
to bacterial LPS[30]. Furthermore, SGLT1 expression in 
these models was found to be inversely proportional 
to TNF-alpha expression, implicating its potential 
involvement in colonic inflammatory diseases[31]. In 
addition, in vivo studies on mice have shown that oral 
glucose and 3-O-methyl-d-glucose (a non-metabolizable 
glucose analogue ) administration promotes survival 
in endotoxic shock induced by LPS[32]. These studies 

suggest a protective role for SGLT1 in inflammatory 
processes or sepsis, possibly by maintaining intestinal 
barrier integrity. SGLT1 acts through the inhibition 
of intestinal epithelial cell activation mediated by 
phosphorylation of the signaling molecule Nf-KB, a 
protein complex involved in the gene regulation of 
several cellular responses, which is a known mechanism 
in the epithelium of patients with Crohn’s disease (CD) 
and ulcerative colitis (UC)[33-35].

These findings raise expectations for future dis
coveries; however, most studies to date on sugar 
transporters in the gastrointestinal tract have been 
performed using molecular biology in murine or in 
vitro models. Since topographical variations in glucose 
transporters have been detected mainly by biochemical 
rather than standard immunohistochemical analysis 
also in humans, the localization and distribution of 
glucose transporters in the large intestinal mucosa of 
the colon have not yet been clarified. 

For this reason, the aim of this study was to in
vestigate by immunostaining at light and confocal 
microscopy the expression of the major intestinal 
glucose transporters (GLUT5, GLUT2, SGLT1) in human 
colonic mucosa in control subjects and subjects with 
IBD. 

MATERIALS AND METHODS
The study protocol was approved by the Ethics 
Committee of Padua University Hospital (study No. 
2813P). Written, informed consent was obtained from 
all participants prior to inclusion in the study. The study 
was prospectively conducted from December 2013 to 
November 2015.
 
Patients 
Patients diagnosed with UC or CD and scheduled for 
diagnostic colonoscopy were enrolled. Patients who 
underwent colonoscopy for prevention screening of 
colorectal cancer or were followed-up after polypectomy 
or lower gastrointestinal symptoms were designated as 
the control group (CTRL). Inclusion criteria are presented 
in Table 1.

The UC patient group (n = 18) included 8 men and 
10 women (mean age 47 years, range 30-66; average 
body-mass index (BMI, weight in kg divided by height 
in m squared) 24 kg/m2, range 18-32.9 kg/m2.

The CD patient group (n = 10) included 5 men and 
5 women (mean age 37 years, range 19-53; average 
BMI 23.6 kg/m2, range19.6-26.1 kg/m2.

The CTRL patient group (n = 16) included 6 men 
and 10 women (mean age 56 years, range 27-72, 
average BMI 24.85 kg/m2, range 18.1-31.1 kg/m2. All 
CTRL patients were evaluated based on histological 
and/or endoscopic examination of intestinal biopsies; 
none was affected by UC or CD. 

Patients were classified by their BMI into one of 
three groups: normal weight for BMI < 24.9 kg/m2, 
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inflamed or non-inflamed was determined. When the 
endoscopic grade differed from the histological grade, 
the final biopsy status was decided on the basis of 
the pathologist’s assessment. The complete list of 
all biopsies analyzed by IHC, classified according to 
inflammation status, is shown in Table 2.

Tissue preparation 
After sampling, specimens were fixed in 40 g/L 
formaldehyde and processed by embedding in paraffin 
using standard methods. Sections were cut to 7 µm 
thickness, mounted on polylysine-coated microscope 
slides, and processed for immunoperoxidase and 
double immunofluorescence labeling. Primary and 
secondary antibodies are listed in Table 3.

Peroxidase-immunohistochemistry
Sections were deparaffinized in xylene, rehydrated 
through passages in alcohol with decreasing concen
trations to water, and then microwaved at 800 W for 
three five-minute cycles in 0.01 mol/L citrate buffer (pH 
6) to optimize antigen retrieval. Endogenous peroxidase 
activity was blocked by incubating the slides in 30 mL/L 
H2O2 in methanol for 30 min. After rinsing in PBS, the 
slides were first incubated with blocking solution (3 
mL/L Triton X-100, 10 g/L bovine serum albumin, and 
10 mL/L normal swine or rabbit serum); the solution 
was used to dilute the antibodies. Subsequently, 
the sections were incubated with primary antibodies 
overnight at 4 ℃ and then reacted with biotinylated 
secondary antibody for 1 h at room temperature. The 
immunoreaction was detected using a Vectastain Elite 
ABC kit (Vector Laboratories, Burlingame, CA, United 
States) and then visualized with 3.3’-diaminobenzidine 
tetrahydrocloride (Dako, Milan, Italy) for 5-10 min. 
Finally, the sections were mounted in Entellan (Merck, 

overweight for 25.0-29.9, and obese for > 30 kg/m2.

Colorectal samples
Colorectal samples were obtained from patients 
undergoing lower endoscopic colonoscopy or recto-
sigmoidoscopy (2 in the CTRL group). Biopsies of 
portions of the colonic tract were taken for diagnostic 
purposes according to the endoscopist‘s judgment, 
and for immunohistochemistry (IHC). The biopsies 
were collected from adjacent sites to compare the 
level of inflammation in independent samples. In 
14 of the 44 patients who underwent a complete 
colonoscopy, biopsies were obtained of all 6 portions of 
the colon-rectum (cecum, ascending colon, transverse, 
descending, sigmoid colon, rectum). In the remaining 
30 patients, biopsies were obtained only from the 
endoscopically examined portions.

A total of 147 biopsies of colonic mucosa were 
collected for IHC analysis. Inflammatory status of 
the mucosa at the sampling site was evaluated 
endoscopically in all biopsies and histologically in 127 
out of 147 biopsies by an experienced pathologist who 
evaluated the mononuclear and polymorphonuclear 
cell infiltration of the mucosal layer. For the endoscopic 
findings, inflammatory status was graded according 
to the Mayo endoscopic score in the UC patients 
(Mayo score of 0 indicates normal colonic mucosa, 
> 0 evidence of macroscopic active inflammation), 
and according to the Rutgeerts score in previously 
resected CD (3 out of 10) patients (Rutgeerts score 
of 0-1 indicates normal ileocolic anastomosis, and > 
1 macroscopic relapse of CD). For the non-resected 
CD and CTRL patients, inflammatory mucosal status 
was graded as documented in the endoscopic report. 
Based on histological and endoscopic grading, their 
status towards inflammation and classification as 

Table 1  Criteria of inclusion for patients in each group

Patient group Periodic Follow-
up (n)

New stadiation  
of IBD (n)

Abdominal pain 
(n )

Chronic diarrhea 
(n)

Colorectal cancer 
screening (n)

Stipsis (n ) Hemorrhoids (n )

UC 16 2 - - - - -
CD   2 8 - - - - -
CTRL   31 - 5 4 2 1 1

1Follow up after polypectomy. CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls; IBD: Inflammatory bowel disease.

Table 2  Number of biopsies analyzed by immunohistochemistry in each tract of large intestine

Patient group Biopsy status Large Intestine

Proximal Tract Distal Tract

Cecum colon (n) Ascending colon (n) Transverse colon (n) Descending colon (n) Sigmoid colon (n) Rectum (n)
UC Inflamed 2 6 4 6 7 7

Non-Inflamed 7 9 5 6 3 3
CD Inflamed 0 4 3 4 4 4

Non-Inflamed 1 1 0 1 2 1
CTRL Inflamed 2 4 3 2 4 4

Non-Inflamed 7 5 6 6 7 7

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

Merigo F et al . Glucose transporters in human colon



779 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

Milan, Italy). 
Sections processed as above, but without the 

primary antibody, were used as negative control. Control 
sections for SGLT1 were also prepared by preabsorbing 
the primary antibodies with the corresponding peptide 
(5 μg/mL of antibody; SGLT1 peptide, cat#ab99447, 
abcam). Sections of human small intestine were used 
as positive controls.

Light microscopy 
Sections were examined with an Olympus BX51 
microscope (Olympus, Tokyo, Japan) equipped with a 
digital camera (DKY-F58 CCD JVC, Yokohama, Japan). 
Digital images were analyzed and processed with 
Image-ProPlus 7.0 software (Media Cybernetics, Silver 
Spring, MD, United States). Images were composed 
with Adobe Photoshop software ver. 6.0 (Adobe 
Systems, Mountain View, CA, United States) to regulate 
contrast and brightness.

Immunofluorescence microscopy
Double immunofluorescent staining was used to compare 
immunolabeling of GLUT5 with that of lymphatic vessel 
endothelial hyaluronan receptor 1 (LYVE-1), a marker for 
lymphatic vessel endothelium in humans and rodents, 
and with that vascular endothelial growth factor (VEGF), 
a marker of vascular endothelial cells. 

The double-label assay was carried out sequentially 
using a method that relied on the use of secondary 
monovalent Fab fragments because all primary anti
bodies are raised in the same species[36,37]. Paraffin 
sections (processed as described above) were used 
for double staining, which was performed as described 
in Merigo et al[38]. After completing the staining 
protocol, the sections were immersed 1 g/L Sudan 
Black B (Merck) in 70% ethanol for 20 min at room 
temperature to reduce tissue autofluorescence. After 
rinsing, the sections were mounted with fluorescent 
mounting medium (DAKO) and observed with a Zeiss 
LSM 510 confocal microscope equipped with argon (488 
nm) and helium/neon (543 nm) excitation beams. 
Sequential acquisition, i.e., one color at a time, was 
utilized on double-labeled tissues to avoid side-band 
excitation of the inappropriate fluorophore. All images 
for publication were composed using Adobe Photoshop 

software, adjusting only brightness and contrast.
Control sections were prepared using one of the 

following methods: (1) replacing the second primary 
antibody with normal rabbit serum; or (2) exchanging 
the fluorophores of the secondary antibodies; or (3) 
omitting the primary antibody; or (4) changing the 
sequence of secondary antibody application. 

Scanning electron microscopy
Sections of colonic mucosa, previously immunostained 
for GLUT5 antibody, were reused for scanning electron 
microscopy (SEM) analysis. After removal of the coverslip, 
the samples were brought to absolute alcohol, processed 
by critical point drying (CPD 030, Balzers, Vaduz, 
Liechtenstein), mounted on stubs with colloidal silver, 
sputtered with gold by means of an MED 010 coater 
(Balzers), and examined under an FEI XL30 scanning 
electron-microscope (FEI Company, Eindhoven, NL).

RESULTS
The results of immunohistochemical analysis of samples 
from the cecum, ascending and transverse colon were 
grouped together as data of the proximal tract; the 
results of samples from the descending, sigmoid colon, 
and rectum were grouped as data of the distal portion 
of the large intestine. 

Immunohistochemical analysis of GLUT2, SGLT1, and 
GLUT5 expression in large intestine
Immunostaining for GLUT2 was detected on the apical 
cell pole and/or basolateral membrane of epithelial 
intestinal cells. Only small portions of the epithelium 
were positive for GLUT2 (Figure 1a-d). A few samples 
in each group of patients were immunostained for 
GLUT2 in both the proximal and the distal tract (Table 4).

Immunoreactivity for SGLT1 was concentrated 
mainly on the apical pole of epithelial cells, which were 
often observed in small clusters of 2 or 3 (Figure 1e 
and f). SGLT1 expression was observed in the samples 
from the distal tract; no substantial differences between 
the three patient groups were noted (Table 4). 

Two distinct expression patterns of GLUT5 immuno
reactivity were observed throughout the portions of 
the large intestine. GLUT5 expression was found on 

Table 3  Primary and secondary antibodies for immunohistochemical analysis

Antibody Host Dilution Source

Anti-GLUT2 Goat 1:200 cat#ab111117, abcam, Cambridge, United Kingdom
Anti-GLUT5 Rabbit 1:400 cat#ab36057, abcam
Anti-SGLT1 Rabbit 1:200 cat#ab14686, abcam
Anti-LYVE-1 Rabbit 1:500 cat#Bs-1311R, Bioss,Woburn, MA, United States
Anti-VEGF Rabbit 1:200 cat#RB-222, Thermo Scientific, Fremont, CA, United States
Polyclonal anti-rabbit IgG/biotinylated Swine 1:400 cat#E0353, Dako, Milan, Italy
Polyclonal anti-goat IgG/biotinylated Rabbit 1:400 cat#E0466, Dako
CyTM3-Fab fragment anti-rabbit IgG Goat 1:100 cat#111-167, Jackson Lab., Baltimore, MD, United States
FITC-fab fragment anti-rabbit IgG Goat 1:100 cat#111-097, Jackson Lab.
Unconjugated fab fragment anti-rabbit IgG Goat 1:30 cat#111-007, Jackson Lab.
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the apical membrane of epithelial cells, most likely 
representing labeling of the brush border membrane 
(Figure 2a-l). Only short portions of the epithelium 
showed positive epithelial cells. This staining was 
observed from the cecum to the rectum in both the UC 
and CTRL groups, but without significant differences 
between them (Table 4). 

GLUT5 staining was also seen in vascular struc
tures, where it displayed a heterogeneous pattern of 

expression and distribution. GLUT5 immunoreactivity 
was observed in the endothelial cells of small vessels, 
with well-defined endothelium, and slit-like or rounded 
luminal spaces. The vessels were scattered separately 
just below the epithelium or around the glands in the 
intestinal mucosa (Figure 3a-c). This pattern was de
fined as normal GLUT5 expression in vessels because 
no samples lacking this characteristic were observed. 

In some samples, however, this immunoreactivity 
pattern was detected in small, numerous vessels 
which, though remaining individually distinct, tended 
to aggregate. They were mainly concentrated below 
the epithelium or around the glands (Figure 3d-i).

No specific labeling was seen in the control sections 
when IHC was performed without the primary antibody 
(Figure 3j). 

Aggregation of GLUT5-immunoreactive (-IR) vessels 
was much more evident in other samples, where 
GLUT5 immunostaining was observed to be mainly 
concentrated in specific areas formed by clusters of 
GLUT5-IR vessels scattered throughout the intestinal 
tract (Figure 4a-f). The clusters varied in number 
(number ranged from 1 to 12 per section) and size 
(min area 262 µm2; max area 10695 µm2) and were 
predominantly localized beneath the epithelium (Figure 
5a and b) or around the glands (Figure 5c and d). They 
consisted of many non-rounded vessels which appeared 
to be strongly dilated, with only short portions lining the 
lumen covered by endothelial cells. The flat endothelial 
cells were stained for GLUT5 (Figure 5b). The epithelium 
overlying these aggregates often appeared damaged by 
the presence of vacuolar structures (Figure 5e and f). 
The epithelium was missing in some cases.

GLUT5-IR clusters in samples from UC, CD, and CTRL 
patients
GLUT5-IR clusters were observed throughout the 
entire tract of the large intestine in the samples of both 
inflamed and non-inflamed mucosal tissue from the 
UC, CD, and CTRL patients. The percentage of samples 
with GLUT5-IR clusters is shown in Table 5.

In the UC patients, the expression of GLUT5-IR 
clusters was higher in the samples from the distal 
than from the proximal tract, especially in the samples 
of non-inflamed tissue (83.3% vs 47.6%). The 

Table 4  Percentage of samples with GLUT2, SGLT1 and GLUT5 expression in epithelial cells of large intestine biopsies

Patient group Large Intestine
Biopsy status Proximal Tract Biopsy status Distal Tract

GLUT2, % SGLT1, % GLUT5, % GLUT2, % SGLT1, % GLUT5, %
UC Inflamed (n = 12)   8 9 17 Inflamed (n = 20)   0 15 15

Non-inflamed (n = 21)   5 5 33 Non-inflamed (n = 12)   8   8 17
CD Inflamed (n = 7)   0 0   0 Inflamed (n = 12)   8   8   0

Non-inflamed (n = 2)   0 0   0 Non-inflamed (n = 4)   0   0   0
CTRL Inflamed (n = 9) 11 0 33 Inflamed (n = 10) 30 10   0

Non-inflamed (n = 18) 17 0 17 Non-inflamed (n = 20) 20   1 15

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

A B

C D

E F

Figure 1  Immunoperoxidase staining showing GLUT2 (A-D) and SGLT1 
(E and F) immunoreactivity in epithelial cells of the cecum (A and B), 
descending (C and D), and sigmoid (E and F) colon of human intestine. 
White arrows indicate staining on the apical pole, black arrows on the basolateral 
membrane of epithelial intestinal cells. Scale bar: (A, C, D) 50 µm; (B, E, F) 5 µm. 
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percentage of inflamed and non-inflamed samples was 
similar in the proximal tract (50% vs 47.6%), whereas 
in the distal tract the percentage of non-inflamed 
samples was higher (83.3% vs 55%).

In the CD patients, the percentage of GLUT5-IR 
clusters was higher in inflamed samples obtained from 
the distal than from the proximal tract (83% vs 71%), 
whereas the percentage was higher in non-inflamed 
samples from the proximal tract than from the distal 
tract (50% vs 25%). However, it was always higher in 
the inflamed than in the non-inflamed samples from 
both the proximal (70% vs 50%) and the distal tract 
(83% vs 25%).

In the CTRL group, the percentage of GLUT5-IR 
clusters in both the inflamed (60% vs 55.5%) and 
non-inflamed tissue samples (85% vs 44.4%) was 
higher in those obtained from the distal tract than from 

the proximal tract. The percentage was similar for the 
inflamed samples and non-inflamed samples from 
the proximal tract (55.5% vs 44.4%) and higher in 
the non-inflamed as compared to the inflamed tissue 
samples from the distal tract (85% vs 60%). Figure 
6 reports the percentages of samples with GLUT5-IR 
clusters as bar graphs, for both the proximal (Panel a) 
and the distal (Panel b) tract.

The expression of GLUT5-IR clusters was also 
evaluated in a sample group obtained by classifying 
the patients according to their BMI (Table 6). In the 
UC and CTRL patients, the expression of GLUT5-IR 
clusters was higher in the inflamed samples of patients 
with normal weight as compared with non-inflamed 
samples from the proximal tract; whereas in the distal 
tract the percentage of GLUT5-IR clusters was always 
higher in the non-inflamed samples as compared 

Figure 2  Immunoperoxidase staining showing GLUT5 immunoreactivity in the brush border membrane of epithelial cells in lumen of cecum (A and B), 
ascending (C and D), transverse (E and F), descending (G and H), sigmoid (I and J) colon, and rectum (K and L). The boxed area in (A, C, E, G, I, K) is shown 
at higher magnification in (B, D, F, H, J, L, respectively). Scale bar: (A, E, G, I) 50 µm; (C, K) 25 µm; (D, F) 10 µm; (B, H, J, L) 5 µm.

A B C D

E F G H

I J K L
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to the inflamed samples from all three groups. The 
percentage was higher in the inflamed than in the non-
inflamed tissue samples from both the proximal and 
distal tract in the normal weight and overweight CD 
patients.

SEM analysis of GLUT5 immunoreactivity
The GLUT5 positive sections were also observed at 
SEM for a more detailed evaluation of the labeled 
areas. Comparison between the SEM (Figure 7A and 
C) and the light microscope (Figure 7B and D) images 
showed that the area with GLUT5 immunoreactivity 
(Figure 8a-e) was characterized by large spaces and 
numerous dilated vessels, probably lymphatic because 
of the absence of red blood cells inside the lumen 
(Figure 8g and h). The vessels had a non-continuous 
endothelium, as observed at light microscopy. In the 
non-labeled areas, there were vessels containing 
cells inside the lumen that, judging by their rounded 
appearance, were probably lymphocytes or plasma 
cells (Figure 8f). 

Comparison of GLUT5 immunoreactivity with LYVE-1 
and VEGF expression in large intestine
GLUT5 expression was compared with expression of 
LYVE-1 and VEGF by light immunohistochemistry in 
contiguous sections and by laser-scanning confocal 
microscopy in double staining. Light immunohistochemi
stry revealed the presence of GLUT5 immunoreactivity 
in areas that were also LYVE-1 positive (Figure 9a, 
b, g and h). GLUT5 positivity was limited to areas 
usually located under the epithelium (Figure 9c and i), 
whereas LYVE-1 staining was distributed in large areas 
of the lamina propria (Figure 9d and j). The GLUT5 
expression pattern was generally much more marked 
than LYVE-1 labeling, which was formed by short spots 
(Figure 9e and f). However, some corresponding areas 
in contiguous sections showed GLUT5 immunoreactivity 
(Figure 9g and k) but lacked LYVE-1 staining (Figure 9h 
and l). 

Double immunofluorescence microscopy was con
sistent with light-microscopic evaluation. GLUT5-IR 
clusters were found distributed inside LYVE-1 positive 

Table 5  Percentage of samples with GLUT5 expression in clusters of lymphatic vessels in large intestine biopsies

Patient group Large Intestine
Proximal Tract Distal Tract

Biopsy status GLUT5, % Biopsy status GLUT5, %
UC Inflamed (n = 12) 50.0 Inflamed (n = 20) 55.0

Non-Inflamed (n = 21) 47.6 Non-Inflamed (n = 12) 83.3
CD Inflamed (n = 7) 71.0 Inflamed (n = 12) 83.0

Non-Inflamed (n = 2) 50.0 Non-Inflamed (n = 4) 25.0
CTRL Inflamed (n = 9) 55.5 Inflamed (n = 10) 60.0

Non-Inflamed (n = 18) 44.4 Non-Inflamed (n = 20) 85.0

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

A B

C

D E

F G H

I J

Figure 3  Immunoperoxidase staining showing GLUT5 immunoreactivity 
in small, rounded vessels in cecum (A and C), ascending (B and I), 
transverse (D and E), and sigmoid (F-H) colon of human intestine. No 
specific staining is observed in adjacent sections (I and J) when GLUT5 
antibody was omitted (J). The boxed area in (D and F) is shown at higher 
magnification in (E and G, respectively). Scale bar: (I and J) 125 µm; (A, C, D, F) 
50 µm; (B, E, G, H) 10 µm.

Merigo F et al . Glucose transporters in human colon



783 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

areas and formed by numerous vessels, most of which 
were irregularly shaped and with ill-defined lumina 
(Figure 10a-f and j-l). GLUT5 and LYVE-1 expression 

were never colocalized on the morphologically undefined 
wall but rather were expressed in close proximity to 
some areas of the endothelium (Figure 10m-o). Some 

Table 6  Percentage of samples with GLUT5-immunoreactive clusters of vessels in biopsy groups subdivided by patient body mass 
index

Patient group Biopsy status Large Intestine

Proximal Tract Distal Tract

Patient BMI Patient BMI

Normal weight, % Over-weight, % Obese, % Normal weight, % Over-weight, % Obese, %
UC Inflamed   71 20     0 70   43   33

Non-inflamed   57 25   50 87 100     0
CD Inflamed   80 50     0 87   75     0

Non-inflamed 100   0     0 50     0     0
CTRL Inflamed   80 25     0 67   50     0

Non-inflamed   22 50 100 82   80 100

 BMI: Body mass index; CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.
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E F

Figure 4  Immunoperoxidase staining showing GLUT5 immunoreactivity in vessel clusters in ascending (A and B), descending (C and D) colon, and rectum 
(E and F). The boxed area in (A, C, E) is shown at higher magnification in (B and D, F respectively). Scale bar: (A, C, E) 125 µm; (B, D, F) 25 µm. 

Merigo F et al . Glucose transporters in human colon



784 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

vessels showed only GLUT5 expression (Figure 10g-i).
In addition to staining the lymphatic vessels, LYVE-1 

also labeled the brush border membrane of some 
epithelial cells which was observed in both immunohis
tochemistry (Figure 9d) and double-immunofluorescent 
experiments, in the latter also seen colocalized with 
GLUT5 expression (Figure 10p-r).

To further discriminate between lymphatic vessels 
and blood vessels, expression of GLUT5 and VEGF 
antibodies was compared in contiguous sections using 
light immunohistochemistry and immunofluorescence. 
Both analyses revealed that VEGF expression was 
absent in GLUT5-IR clusters, confirming that GLUT5-
immunoreactivity is selective for lymphatic vessels 
(data not shown).

In control sections, no specific double-labeling was 
seen when the second antibody was replaced with 

normal rabbit serum.

DISCUSSION
Here we show that GLUT2, SGLT1, and GLUT5 glucose 
transporters are expressed in the epithelial cells of 
tissue samples of the large intestine, and that they are 
mainly located in the brush border membrane from 
IBD and control patients. Also in the colonic mucosa 
their location reflects the canonical expression of 
the small intestine and confirms the tissue-specific 
expression of GLUT isoforms also in humans. However, 
unlike the small intestine, their expression is present 
only in short epithelial portions, involving a limited 
number of cells. We observed no important differences 
in glucose transporter expression between the samples 
obtained from the proximal and distal tracts and 

A B

C D

E F

Figure 5  GLUT5 immunoreactivity is shown in vessel clusters localized beneath the epithelium (A and B) or around the glands (C and D), and in vacuolar 
structures in the epithelium (E and F). The boxed area in (A and C) is shown at higher magnification in (B, D, respectively). Scale bar: (A, C, E and F) 25 µm; (D) 10 µm; (B) 
5 µm.
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between the different patient groups. Nevertheless, 
we consider this finding important as it provides the 
first evidence for the distribution of glucose transporter 
immunoreactivity throughout the epithelial tract of 
the human large intestine. Because of the limited 
expression of the glucose transporters, we were unable 
to compare their expression across the three patient 
groups. However, we believe that our data support 

previous findings. In humans, GLUT5 expression has 
been observed in normal colonic cells; expression of 
both GLUT2 and GLUT5 has been reported in colon 
carcinoma and expression of GLUT5 with higher levels 
of staining than in normal colon cells[23]. GLUT2 and 
GLUT5 have been found to be overexpressed in many 
other types of tumors. Since both transporters are 
involved in fructose uptake, it was suggested that 

A B

A B

C D

Figure 7  Scanning electron (A and C) and light (B and D) microscopy images of a sample of descending colon with non-inflamed mucosa after 
immunoperoxidase GLUT5 staining from a ulcerative colitis patient. Scale bar: (A and B) 250 µm; (C and D) 100 µm. 
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Figure 6  Bar graphs of the percentage of samples with GLUT5-immunoreactive clusters of lymphatic vessels in the proximal tract (Panel A) and distal 
tract (Panel B) of large intestine of patients with ulcerative colitis, Crohn’s disease, and controls. Inflamed and non-inflamed mucosa can be distinguished 
for each patient group. In the UC and CTRL groups, the percentage is similar for inflamed and non-inflamed mucosa in the proximal tract, and higher for non-
inflamed than inflamed mucosa in the distal tract. In the CD group, the percentage is higher for inflamed than non-inflamed mucosa in both the proximal and the distal 
tract. UC: Ulcerative colitis; CD: Crohn’s disease; CTRL: Controls.
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tumor cells utilize fructose as an energy substrate[23]. 
On the other hand, while excessive, chronic con

sumption of the GLUT5 and GLUT2 substrate fructose 
has been associated with numerous diseases and 
syndromes, including hypertension, obesity, diabetes, 
hyperinsulinemia, and non-alcoholic fatty liver disease, 
the role of fructose transporters in causing or contributing 
to the diseases is still unclear[10].

In addition, we also identified GLUT5 expression in 
vessels, mainly concentrated in specific areas where 
the vessels were clustered. This staining was dete
cted in the samples from IBD and control patients. 
Furthermore, immunohistochemical and SEM evaluation 
revealed that the vessels in the GLUT5-IR clusters 
had a reticular architecture, indistinct and dilated 
lumen, and were labeled on the endothelium that 
appeared to be fragmented. Large spaces between 
the vessels were present. Immunostaining with 
LYVE-1, a specific marker of lymphatic endothelium, 
and GLUT5 antibodies in contiguous sections revealed 
that GLUT5-IR clusters of vessels were concentrated 
in areas that were well-circumscribed but internal to 
those that were LYVE-1 positive. This finding was also 
confirmed in double staining studies. GLUT5 and LYVE-1 
did not appear to be colocalized but rather showed a 

close topographical relationship on the endothelium 
lining the lumen. Based on their LYVE-1 expression, 
GLUT5-IR vessels were unambiguously identified as 
lymphatic. We interpreted the presence of clusters as 
an impaired pattern of lymphatic capillary networks, 
probably related to proliferative zones, and consisting 
of vessels with morphological characteristics resembling 
those of immature lymphatics. They differed markedly 
from the vessels that we classified as “normal”, which 
were characterized by a well-defined lumen lined by 
endothelial cells, a rounded appearance, and a non-
aggregated distribution. 

To the best of our knowledge, this is the first study 
to provide evidence that GLUT5 expression is associated 
with lymphatic vessels in controls and UC and CD 
patients. This novel finding yields further insight into 
the characterization of lymphatic vasculature, whose 
dysfunction is a long-recognized feature in humans with 
IBD. 

There is considerable evidence for the proliferative 
expansion of lymphatic vessels during the course of 
inflammatory disease[39-41]. Alteration and remodeling 
of the lymphatic system, besides blood vessel angio
genesis, are implicated in IBD[42-44]. Increased lymphatic 
vessels density is a well-established feature in biopsy 

Figure 8  Light (A-C) and scanning electron (D-H) microscopy images of a sample of descending colon with non-inflamed mucosa after immunoperoxidase 
GLUT5 staining from a UC patient. The boxed areas in (A) and (D) are corresponding areas and are shown enlarged in (B) and (G), respectively. The yellow area in (E) 
represents the immunostaining area shown in (B). The boxed area in (B, E, G) is shown at higher magnification in (C, F, H, respectively). Scale bar: (D) 100 µm ; (A, E, 
G) 50 µm; (B) 25 µm; (C, F, H) 5 µm. 
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samples from CD and UC patients and is correlated with 
disease severity[42,44-47]. Similarly, a reduced density of 
lymphatic vessels was demonstrated to be associated 
with CD recurrence[46]. 

Moreover, studies have reported that lymphatic 
vessel dysfunction contributes to perpetuating intestinal 
inflammation in both UC and CD patients and that the 
intestinal lymphatic system can profoundly influence 
gut immune homeostasis[48,49]. However, it is still unclear 
whether expansion of the lymphatic network in IBD is 
a defensive mechanism or contributes to worsening the 
condition. It can be interpreted as a protective/adaptive, 
local response linked to the necessity to reduce fluid 
accumulation and to remove infiltrated immune cells, 
thus limiting further tissue injury. But lymphatic vessels 
also undergo morphological and functional changes in 
inflammatory conditions that impair their ability to drain 
fluid[50]. 

Lymphangiectasia is typically observed in the colonic 
mucosa of CD and UC patients[44,45], and impaired 
intestinal lymphatic transport function was found to play 
a role in the early-stages and development of IBD[51,52]. 
The relevance of the lymphatic transport function in 
IBD was also demonstrated in an experimental murine 
model that showed that acute colitis was aggravated by 
compromised lymphatic function; in contrast, immune 
cell clearance, fluid transport, and course of the disease 

were improved by induction of lymphangiogenesis[53,54].
While it is beyond doubt that increased lymphatic 

vessel density is closely linked to inflammatory disease, 
whether this process in IBD is an event that precedes 
inflammation or is its direct consequence remains to be 
elucidated.

Here we demonstrated a relevant presence of 
GLUT5-IR clusters of lymphatic vessels in both inflamed 
and non-inflamed tissue samples of large intestine 
from IBD and CTRL patients. The intestinal distal tract 
was, by far, the area most affected by their presence, 
especially in the UC and CTRL groups. This finding is 
consistent with the abundance of lymphatic tissue in the 
most distal regions of the intestine[50].

To our surprise, we found more non-inflamed than 
inflamed tissue samples expressing GLUT5-IR clusters 
in the distal tract of the UC patients and controls: 
these percentages were similar across all three patient 
groups when classified by BMI. Differently, in the CD 
patients, similar results were found for the proximal and 
the distal intestinal tract, and the number of inflamed 
samples with GLUT5-IR clusters was higher than non-
inflamed tissue samples, also in relation to the BMI of 
patients. Our data indicate that GLUT5-IR clusters are 
present in both UC patients and controls, and that their 
presence does not appear to be conditioned by the 
level of inflammation of the mucosal area where the 

GLUT5                               LYVE-1                                              GLUT5                                                    LYVE-1
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Figure 9  Immunoperoxidase staining showing GLUT5 and LYVE-1 immunoreactivity in samples of the distal tract of large intestine from UC (A-F) and 
CD (G-L) patients. In both samples, the mucosa was non- inflamed. The boxed area in (A and B) is enlarged in (C and D, respectively), the area in (C and D) is 
enlarged in (E and F, respectively), the area without an asterisk in (G and H) is enlarged in (I and J, respectively), the area with an asterisk in (G and H) is enlarged in (K 
and L, respectively). Scale bar: (A, B, G, H) 100 µm; (C, D, I-L) 25 µm; (E and F) 10 µm.
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clusters are found. The opposite finding in the CD group 
may indicate a particular aspect of this condition. Since 
the amount of tissue analyzed in the CD patients was 
limited, it may not be completely representative of the 
whole group, however.

The few studies that have investigated the relation
ship between lymphoproliferation and inflammation of 
the area where it occurs have shown that lymphatic 
proliferation and inflammation do not occur in close 
association. Several explanations for this have been 
proposed. Increased lymphatic vessel density has been 
documented as a persistent feature in samples from 
IBD patients, in which it was also observed in fibrotic 
specimens from end-stage disease characterized by 
low inflammation[42]. Similarly, the increased lymphatic 
vessel density detected in both the inflamed and non-
inflamed tissue samples from the UC and CD patients 
has been interpreted as a process that occurs before 
the disease becomes clinically active, and therefore 
can manifest itself independent of inflammation[46]. 
No obvious correlation between increased lymphatic 
vessel density and inflammation was demonstrated 
in the colonic mucosa of the UC patients, where it has 
been predicted that structural changes in the mucosa, 
including “muscularis mucosa expansion, infiltration by 
muscle fibers, and filiform epithelial changes” are an 
essential prerequisite to justify lymphatic proliferation[45]. 

Both these interpretations may also be consistent 
with our data: the first is especially valid for the controls 

where the presence of vessel clusters can be a sub
clinical aspect, at times not necessarily related to 
a particular pathology. The second can be valid for 
IBD: we sometimes observed vacuolar structures 
in the epithelium over the areas where lymphatic 
vessel clusters were present and altered epithelial cell 
integrity. Recent studies have shown that epithelial 
barrier dysfunction in IBD can contribute to disease 
progression by activating immunoregulatory processes, 
probably following increased exposure of the mucosa 
to the luminal microbiota or their products[55-58]. Although 
the underlying mechanism is unclear, defects in intes
tinal barrier function are now attributed a direct or 
indirect role in the onset or progression of IBD. We 
observed morphological epithelial damage limited to 
certain areas of the epithelium in some samples and 
only at the light microscope, in which the real damage 
may be underestimated. 

Other mechanisms/factors have been investigated 
to explain the stimulation of lymphatic vessels in IBD, 
given that it may occur via different processes in UC and 
CD. Lymphatic system expansion during inflammation 
in peripheral tissues progresses through the expansion 
and proliferation of an existing vascular network or 
sprouting of new vessels (lymphangiogenesis)[40,59]. 
However, the expression of lymphangiogenic factors 
(e.g., VEGF-C, VEGF-D) and cytokines (e.g., TNF 
and IL-1b), which have been found to be increased 
in inflammatory conditions, were decreased in the 

M N O

P Q R

Figure 10  Double-immunofluorescent confocal microscopy showing expression of GLUT5 (red) with LYVE-1 (green) in samples of descending colon from 
UC (A-C, J-R) and CD (D-I) patients. The mucosa was inflamed in the UC sample and non-inflamed in the CD sample. The boxed area in (D-F) is shown at higher 
magnification in (G-I, respectively); the boxed area in (J-L) is shown at higher magnification in (M-O, respectively). Scale bar: (C, F, L, R) 20 µm; (I, O) 10 µm.
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inflamed and non-inflamed colonic tissues of the IBD 
patients[46,60]. 

LYVE-1 has also been demonstrated to be selec
tively expressed in inflammation. In cultured primary 
lymphatic endothelial cells, LYVE-1 uptake and degra
dation and inhibition of its gene expression were seen to 
occur under the stimulus of pro-inflammatory cytokines, 
leading to a subsequent reversible loss of the surface 
expression of LYVE-1[61]. Subsequently, quantification of 
LYVE-1 by RT-PCR in human colonic mucosa revealed a 
lower mRNA level in both the non-inflamed and inflamed 
samples from the UC patients than in the controls, but 
no differences in LYVE-1 mRNA levels were seen in the 
CD patients[46]. In the UC patients, the reduction was 
more evident in the non-inflamed than the inflamed 
samples. 

In this study, double-immunofluorescence staining 
revealed that GLUT5-IR clusters were present in zones 
with LYVE -1 positivity, however, the appearance of the 
vessels inside the clusters was very heterogeneous, as 
was their phenotypic expression: GLUT5-positive but 
LYVE-1 negative or GLUT5-negative but LYVE-1 positive 
vessels were often identified, whereas the simultaneous 
expression of LYVE-1 and GLUT5 was limited to 
restricted endothelial areas of some clustered vessels. 
In the cases where LYVE-1 was missing, we saw the 
expression of GLUT5, which appeared in close continuity 
with LYVE-1, without ever being colocalized with it. 
These data strongly suggest a reduced expression of 
LYVE-1, which may depend on the different degrees 
of vessel differentiation within the clusters. There is 
considerable evidence that immature vessels lack 
LYVE-1 expression, particularly intratumoral lymphatic 
vessels, that differ morphologically from lymphatic 
vessels found within normal tissue[62,63]. The reason 
for this difference is unclear; however, it has been also 
demonstrated that altered expression of lymphatic 
endothelial markers such as LYVE-1 may compromise 
lymphatic transport function[50].

Collectively, our results regarding GLUT5 expres
sion in IBD patients are consistent with previous data 
obtained for lymphatic proliferation in IBD. The presence 
of GLUT5 alone does not imply that it is involved in 
lymphatic proliferation because it was found to be 
expressed in both normal and clustered lymphatic 
vessels. However, its expression indicates that GLUT5 
may play a role in controlling the formation of lymphatic 
vessels. It is plausible that aberrant lymphatic growth in 
clusters may result from the effect of GLUT5 on cellular 
mechanisms underlying the differentiation of new 
lymphatic vessels. It may also be that fructose, GLUT5 
being its main transporter, may be the energy substrate 
that endothelial cells use for lymphatic expansion.

In this regard, we speculate that fructose present in 
the lumen may have some effect on the proliferation of 
these vessels. We found that a percentage of samples 
expressed GLUT5 in the brush border membrane of 
epithelial cells from both the UC and CTRL patients. 

This finding merits further investigation because it 
could be a clear example of crosstalk between the cells 
projecting into the intestinal lumen and underlying 
environments. 

In conclusion, our study provides evidence that 
GLUT2, SGLT1, and GLUT5 glucose transporters are 
expressed in the epithelial cells of the mucosa of the 
large intestine of IBD and control patients. Furthermore, 
both inflamed and non-inflamed mucosal colorectal 
tissue biopsies from the IBD and control patients 
showed GLUT5-IR lymphatic vessel clusters. This finding 
aids in the characterization of lymphatic vessels in IBD. 
As GLUT5 is the main fructose transporter in the human 
intestine, it is conceivable that fructose is a metabolic 
substrate that has a role in the atypical aggregation of 
lymphatic vessels.

Quantification of lymphatic vessel density in the 
gastrointestinal tract, particularly in cancer and chronic 
inflammatory disease, holds interest because it can 
be predictive of the early stages of disease. In this 
regard, GLUT5 expression on endothelial lympho-
vascular cells may have implications for routine use in 
the histopathological evaluation of lymphangiogenesis, 
also in combination with LYVE-1, a marker of lympha
tic endothelium that can be down-modulated under 
inflammatory conditions. 

A future area of focus is the precise function of 
GLUT5 expression in lymphatic vessels and the factors 
that interfere with the development or maintenance of 
IBD. 

ARTICLE HIGHLIGHTS
Research background
Glucose transporter expression is present throughout the digestive system, 
greatest in the small intestine and least in the terminal ileum. Most studies to 
date on glucose transporters in the gastrointestinal tract have been performed 
using biochemical rather than standard immunohistochemical analysis also in 
humans. 

Research motivation
The localization and distribution of glucose transporters in the intestinal mucosa 
of the human colon has not yet been clarified despite evidences that support 
the role of glucose transporters in broad areas of pure glucose absorption and 
metabolism, such as inflammation, malignancy, and gut microbiota regulation.

Research objectives
The aim of this study was to investigate by immunostaining at light and confocal 
microscopy the expression of the major intestinal glucose transporters (GLUT2, 
SGLT1, GLUT5) in human colonic mucosa in control subjects and subjects with 
IBD.

Research methods
Patients diagnosed with ulcerative colitis or Crohn’s disease and scheduled for 
diagnostic colonoscopy were enrolled. Patients who underwent colonoscopy for 
prevention screening of colorectal cancer or were followed-up after polypectomy 
or lower gastrointestinal symptoms were designated as the control group. 
Colorectal samples were obtained from patients undergoing lower endoscopic 
colonoscopy or recto-sigmoidoscopy. Biopsies of portions of the colonic tract 
(cecum, ascending colon, transverse, descending, sigmoid colon, rectum) were 
taken for diagnostic purposes according to the endoscopist’s judgment and for 
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immunohistochemistry. Inflammatory status of the mucosa at the sampling site 
was evaluated endoscopically and histologically. 

Samples were fixed in formaldehyde and embedded in paraffin. The 
expression of GLUT2, SGLT1, and GLUT5 glucose transporters was 
investigated using immunoperoxidase labeling. Immunoreactivity of GLUT5 
was compared with that of LYVE-1, which is a marker for lymphatic vessel 
endothelium, using double-labeled confocal microscopy. 

Research results
GLUT2, SGLT1, and GLUT5 glucose transporter immunostaining was found 
in short epithelial portions of the large intestine from IBD and control patients. 
No difference in glucose transporter expression was observed between the 
samples obtained from the proximal and distal tracts and between the different 
patient groups. GLUT5 immunostaining was also detected in vessels, which 
were mainly concentrated in specific areas. In double fluorescent-labeled 
sections with GLUT5 and LYVE-1, GLUT5-immunoreactive clusters of vessels 
were concentrated in areas internal to those that were LYVE-1 positive. The 
GLUT5 and LYVE-1 labeling patterns were never colocalized but rather showed 
a close topographical relationship on the endothelium lining the lumen. Based 
on their LYVE-1 expression, GLUT5 immunoreactive vessels were identified as 
lymphatic and observed both in inflamed and non-inflamed mucosal colorectal 
tissue biopsies from the IBD and CTRL patients. This novel finding yields further 
insight into the characterization of lymphatic vasculature, whose dysfunction is 
a long-recognized feature in humans with IBD.

Research conclusions
This study provides evidence that GLUT2, SGLT1, and GLUT5 glucose 
transporters are expressed in the colorectal mucosa in controls and IBD 
patients. Furthermore, it provides first evidence that GLUT5 expression 
is associated with lymphatic vessels in controls and IBD patients. Its 
expression indicates that GLUT5 may play a role in controlling the formation 
of lymphatic vessels. GLUT5 expression on endothelial lymphovascular cells 
may have implications for routine use in the histopathological evaluation of 
lymphangiogenesis, also in combination with LYVE-1, a marker of lymphatic 
endothelium that can be down-modulated under inflammatory conditions. 

Research perspectives
A future area of focus is the precise function of GLUT5 expression in lymphatic 
vessels and the factors that interfere with the development or maintenance of 
IBD.

REFERENCES
1	 Mueckler M, Caruso C, Baldwin SA, Panico M, Blench I, Morris 

HR, Allard WJ, Lienhard GE, Lodish HF. Sequence and structure 
of a human glucose transporter. Science 1985; 229: 941-945 [PMID: 
3839598 DOI: 10.1126/science.3839598]

2	 Kayano T, Burant CF, Fukumoto H, Gould GW, Fan YS, Eddy 
RL, Byers MG, Shows TB, Seino S, Bell GI. Human facilitative 
glucose transporters. Isolation, functional characterization, and 
gene localization of cDNAs encoding an isoform (GLUT5) 
expressed in small intestine, kidney, muscle, and adipose tissue and 
an unusual glucose transporter pseudogene-like sequence (GLUT6). 
J Biol Chem 1990; 265: 13276-13282 [PMID: 1695905]

3	 Blakemore SJ, Aledo JC, James J, Campbell FC, Lucocq JM, 
Hundal HS. The GLUT5 hexose transporter is also localized to the 
basolateral membrane of the human jejunum. Biochem J 1995; 309 
(Pt 1): 7-12 [PMID: 7619085]

4	 Douard V, Cui XL, Soteropoulos P, Ferraris RP. Dexamethasone 
sensitizes the neonatal intestine to fructose induction of intestinal 
fructose transporter (Slc2A5) function. Endocrinology 2008; 149: 
409-423 [PMID: 17947353 DOI: 10.1210/en.2007-0906]

5	 Matosin-Matekalo M, Mesonero JE, Laroche TJ, Lacasa M, 
Brot-Laroche E. Glucose and thyroid hormone co-regulate the 
expression of the intestinal fructose transporter GLUT5. Biochem J 
1999; 339 (Pt 2): 233-239 [PMID: 10191252]

6	 David ES, Cingari DS, Ferraris RP. Dietary induction of intestinal 
fructose absorption in weaning rats. Pediatr Res 1995; 37: 777-782 

[PMID: 7651763 DOI: 10.1203/00006450-199506000-00017]
7	 Douard V, Ferraris RP. Regulation of the fructose transporter 

GLUT5 in health and disease. Am J Physiol Endocrinol Metab 
2008; 295: E227-E237 [PMID: 18398011 DOI: 10.1152/
ajpendo.90245.2008]

8	 Litherland GJ, Hajduch E, Gould GW, Hundal HS. Fructose 
transport and metabolism in adipose tissue of Zucker rats: 
diminished GLUT5 activity during obesity and insulin resistance. 
Mol Cell Biochem 2004; 261: 23-33 [PMID: 15362482]

9	 Dyer J, Wood IS, Palejwala A, Ellis A, Shirazi-Beechey SP. 
Expression of monosaccharide transporters in intestine of diabetic 
humans. Am J Physiol Gastrointest Liver Physiol 2002; 282: 
G241-G248 [PMID: 11804845 DOI: 10.1152/ajpgi.00310.2001]

10	 Douard V, Ferraris RP. The role of fructose transporters in 
diseases linked to excessive fructose intake. J Physiol 2013; 591: 
401-414 [PMID: 23129794 DOI: 10.1113/jphysiol.2011.215731]

11	 Thorens B, Cheng ZQ, Brown D, Lodish HF. Liver glucose 
transporter: a basolateral protein in hepatocytes and intestine 
and kidney cells. Am J Physiol 1990; 259: C279-C285 [PMID: 
1701966]

12	 Yoshikawa T, Inoue R, Matsumoto M, Yajima T, Ushida K, 
Iwanaga T. Comparative expression of hexose transporters 
(SGLT1, GLUT1, GLUT2 and GLUT5) throughout the mouse 
gastrointestinal tract. Histochem Cell Biol 2011; 135: 183-194 
[PMID: 21274556 DOI: 10.1007/s00418-011-0779-1]

13	 Kellett GL, Brot-Laroche E, Mace OJ, Leturque A. Sugar absorption 
in the intestine: the role of GLUT2. Annu Rev Nutr 2008; 28: 35-54 
[PMID: 18393659 DOI: 10.1146/annurev.nutr.28.061807.155518]

14	 Gouyon F, Caillaud L, Carriere V, Klein C, Dalet V, Citadelle 
D, Kellett GL, Thorens B, Leturque A, Brot-Laroche E. Simple-
sugar meals target GLUT2 at enterocyte apical membranes 
to improve sugar absorption: a study in GLUT2-null mice. J 
Physiol 2003; 552: 823-832 [PMID: 12937289 DOI: 10.1113/
jphysiol.2003.049247]

15	 Kellett GL, Helliwell PA. The diffusive component of intestinal 
glucose absorption is mediated by the glucose-induced recruitment 
of GLUT2 to the brush-border membrane. Biochem J 2000; 350 Pt 
1: 155-162 [PMID: 10926839 DOI: 10.1042/0264-6021:3500155]

16	 Ait-Omar A, Monteiro-Sepulveda M, Poitou C, Le Gall M, 
Cotillard A, Gilet J, Garbin K, Houllier A, Château D, Lacombe A, 
Veyrie N, Hugol D, Tordjman J, Magnan C, Serradas P, Clément K, 
Leturque A, Brot-Laroche E. GLUT2 accumulation in enterocyte 
apical and intracellular membranes: a study in morbidly obese 
human subjects and ob/ob and high fat-fed mice. Diabetes 2011; 
60: 2598-2607 [PMID: 21852673 DOI: 10.2337/db10-1740]

17	 Reimann F, Habib AM, Tolhurst G, Parker HE, Rogers GJ, 
Gribble FM. Glucose sensing in L cells: a primary cell study. 
Cell Metab 2008; 8: 532-539 [PMID: 19041768 DOI: 10.1016/
j.cmet.2008.11.002]

18	 Depoortere I. Taste receptors in the gut tune the release of peptides 
in response to nutrients. Peptides 2015; 66: 9-12 [PMID: 25683908 
DOI: 10.1016/j.peptides.2015.01.013]

19	 Schmitt CC, Aranias T, Viel T, Chateau D, Le Gall M, Waligora-
Dupriet AJ, Melchior C, Rouxel O, Kapel N, Gourcerol G, Tavitian 
B, Lehuen A, Brot-Laroche E, Leturque A, Serradas P, Grosfeld 
A. Intestinal invalidation of the glucose transporter GLUT2 delays 
tissue distribution of glucose and reveals an unexpected role in gut 
homeostasis. Mol Metab 2016; 6: 61-72 [PMID: 28123938 DOI: 
10.1016/j.molmet.2016.10.008]

20	 Wright EM, Turk E. The sodium/glucose cotransport family 
SLC5. Pflugers Arch 2004; 447: 510-518 [PMID: 12748858 DOI: 
10.1007/s00424-003-1063-6]

21	 Hediger MA, Coady MJ, Ikeda TS, Wright EM. Expression cloning 
and cDNA sequencing of the Na+/glucose co-transporter. Nature 
1987; 330: 379-381 [PMID: 2446136 DOI: 10.1038/330379a0]

22	 Gorboulev V, Schürmann A, Vallon V, Kipp H, Jaschke A, 
Klessen D, Friedrich A, Scherneck S, Rieg T, Cunard R, Veyhl-
Wichmann M, Srinivasan A, Balen D, Breljak D, Rexhepaj R, 
Parker HE, Gribble FM, Reimann F, Lang F, Wiese S, Sabolic I, 
Sendtner M, Koepsell H. Na(+)-D-glucose cotransporter SGLT1 

Merigo F et al . Glucose transporters in human colon



792 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

is pivotal for intestinal glucose absorption and glucose-dependent 
incretin secretion. Diabetes 2012; 61: 187-196 [PMID: 22124465 
DOI: 10.2337/db11-1029]

23	 Godoy A, Ulloa V, Rodríguez F, Reinicke K, Yañez AJ, García 
Mde L, Medina RA, Carrasco M, Barberis S, Castro T, Martínez 
F, Koch X, Vera JC, Poblete MT, Figueroa CD, Peruzzo B, Pérez 
F, Nualart F. Differential subcellular distribution of glucose 
transporters GLUT1-6 and GLUT9 in human cancer: ultrastructural 
localization of GLUT1 and GLUT5 in breast tumor tissues. J Cell 
Physiol 2006; 207: 614-627 [PMID: 16523487 DOI: 10.1002/
jcp.20606]

24	 Wuest M ,  Trayner BJ, Grant TN, Jans HS, Mercer JR, 
Murray D, West FG, McEwan AJ, Wuest F, Cheeseman CI. 
Radiopharmacological evaluation of 6-deoxy-6-[18F]fluoro-D-
fructose as a radiotracer for PET imaging of GLUT5 in breast 
cancer. Nucl Med Biol 2011; 38: 461-475 [PMID: 21531283 DOI: 
10.1016/j.nucmedbio.2010.11.004]

25	 Liu H, Huang D, McArthur DL, Boros LG, Nissen N, Heaney AP. 
Fructose induces transketolase flux to promote pancreatic cancer 
growth. Cancer Res 2010; 70: 6368-6376 [PMID: 20647326 DOI: 
10.1158/0008-5472.CAN-09-4615]

26	 García-Herrera J, Marca MC, Brot-Laroche E, Guillén N, Acin S, 
Navarro MA, Osada J, Rodríguez-Yoldi MJ. Protein kinases, TNF-
{alpha}, and proteasome contribute in the inhibition of fructose 
intestinal transport by sepsis in vivo. Am J Physiol Gastrointest 
Liver Physiol 2008; 294: G155-G164 [PMID: 17962360 DOI: 
10.1152/ajpgi.00139.2007]

27	 García-Herrera J, Abad B, Rodríguez-Yoldi MJ. Effect of 
lipopolysaccharide on D-fructose transport across rabbit jejunum. 
Inflamm Res 2003; 52: 177-184 [PMID: 12755384]

28	 Barone S, Fussell SL, Singh AK, Lucas F, Xu J, Kim C, Wu X, 
Yu Y, Amlal H, Seidler U, Zuo J, Soleimani M. Slc2a5 (Glut5) 
is essential for the absorption of fructose in the intestine and 
generation of fructose-induced hypertension. J Biol Chem 
2009; 284: 5056-5066 [PMID: 19091748 DOI: 10.1074/jbc.
M808128200]

29	 Uldry M, Ibberson M, Hosokawa M, Thorens B. GLUT2 is a high 
affinity glucosamine transporter. FEBS Lett 2002; 524: 199-203 
[PMID: 12135767 DOI: 10.1016/S0014-5793(02)03058-2]

30	 Yu LC, Flynn AN, Turner JR, Buret AG. SGLT-1-mediated glucose 
uptake protects intestinal epithelial cells against LPS-induced 
apoptosis and barrier defects: a novel cellular rescue mechanism? 
FASEB J 2005; 19: 1822-1835 [PMID: 16260652 DOI: 10.1096/
fj.05-4226com]

31	 Barrenetxe J, Sánchez O, Barber A, Gascón S, Rodríguez-Yoldi 
MJ, Lostao MP. TNFα regulates sugar transporters in the human 
intestinal epithelial cell line Caco-2. Cytokine 2013; 64: 181-187 
[PMID: 23910014 DOI: 10.1016/j.cyto.2013.07.004]

32	 Palazzo M, Gariboldi S, Zanobbio L, Selleri S, Dusio GF, Mauro 
V, Rossini A, Balsari A, Rumio C. Sodium-dependent glucose 
transporter-1 as a novel immunological player in the intestinal 
mucosa. J Immunol 2008; 181: 3126-3136 [PMID: 18713983 DOI: 
10.4049/jimmunol.181.5.3126]

33	 Yomogida S, Kojima Y, Tsutsumi-Ishii Y, Hua J, Sakamoto 
K, Nagaoka I. Glucosamine, a naturally occurring amino 
monosaccharide, suppresses dextran sulfate sodium-induced colitis 
in rats. Int J Mol Med 2008; 22: 317-323 [PMID: 18698490 DOI: 
10.3892/ijmm_00000025]

34	 Reed KL, Fruin AB, Gower AC, Gonzales KD, Stucchi AF, 
Andry CD, O’Brien M, Becker JM. NF-kappaB activation 
precedes increases in mRNA encoding neurokinin-1 receptor, 
proinflammatory cytokines, and adhesion molecules in dextran 
sulfate sodium-induced colitis in rats. Dig Dis Sci 2005; 50: 
2366-2378 [PMID: 16416193 DOI: 10.1007/s10620-005-3066-y]

35	 Visekruna A, Joeris T, Seidel D, Kroesen A, Loddenkemper 
C, Zeitz M, Kaufmann SH, Schmidt-Ullrich R, Steinhoff U. 
Proteasome-mediated degradation of IkappaBalpha and processing 
of p105 in Crohn disease and ulcerative colitis. J Clin Invest 2006; 
116: 3195-3203 [PMID: 17124531 DOI: 10.1172/JCI28804]

36	 Lewis Carl SA, Gillete-Ferguson I, Ferguson DG. An indirect 

immunofluorescence procedure for staining the same cryosection 
with two mouse monoclonal primary antibodies. J Histochem 
Cytochem  1993; 41 :  1273-1278 [PMID: 7687266 DOI: 
10.1177/41.8.7687266]

37	 Negoescu A, Labat-Moleur F, Lorimier P, Lamarcq L, Guillermet 
C, Chambaz E, Brambilla E. F(ab) secondary antibodies: a general 
method for double immunolabeling with primary antisera from 
the same species. Efficiency control by chemiluminescence. J 
Histochem Cytochem 1994; 42: 433-437 [PMID: 7508473 DOI: 
10.1177/42.3.7508473]

38	 Merigo F, Benati D, Cristofoletti M, Osculati F, Sbarbati A. 
Glucose transporters are expressed in taste receptor cells. J 
Anat 2011; 219: 243-252 [PMID: 21592100 DOI: 10.1111/
j.1469-7580.2011.01385.x]

39	 Jackson DG. Biology of the lymphatic marker LYVE-1 
and applications in research into lymphatic trafficking and 
lymphangiogenesis. APMIS 2004; 112: 526-538 [PMID: 15563314 
DOI: 10.1111/j.1600-0463.2004.apm11207-0811.x]

40	 Alitalo K, Tammela T, Petrova TV. Lymphangiogenesis in 
development and human disease. Nature 2005; 438: 946-953 
[PMID: 16355212 DOI: 10.1038/nature04480]

41	 Kerjaschki D. The lymphatic vasculature revisited. J Clin Invest 
2014; 124: 874-877 [PMID: 24590271 DOI: 10.1172/JCI74854]

42	 Geleff S, Schoppmann SF, Oberhuber G. Increase in podoplanin-
expressing intestinal lymphatic vessels in inflammatory bowel 
disease. Virchows Arch 2003; 442: 231-237 [PMID: 12647212 
DOI: 10.1007/s00428-002-0744-4]

43	 Danese S, Fiocchi C. Etiopathogenesis of inflammatory bowel 
diseases. World J Gastroenterol 2006; 12: 4807-4812 [PMID: 
16937461 DOI: 10.3748/wjg.v12.i30.4807]

44	 Pedica F, Ligorio C, Tonelli P, Bartolini S, Baccarini P. 
Lymphangiogenesis in Crohn’s disease: an immunohistochemical 
study using monoclonal antibody D2-40. Virchows Arch 2008; 452: 
57-63 [PMID: 18040712 DOI: 10.1007/s00428-007-0540-2]

45	 Kaiserling E, Kröber S, Geleff S. Lymphatic vessels in the colonic 
mucosa in ulcerative colitis. Lymphology 2003; 36: 52-61 [PMID: 
12926829]

46	 Rahier JF, De Beauce S, Dubuquoy L, Erdual E, Colombel JF, 
Jouret-Mourin A, Geboes K, Desreumaux P. Increased lymphatic 
vessel density and lymphangiogenesis in inflammatory bowel 
disease. Aliment Pharmacol Ther 2011; 34: 533-543 [PMID: 
21736598 DOI: 10.1111/j.1365-2036.2011.04759.x]

47	 Fogt F, Pascha TL, Zhang PJ, Gausas RE, Rahemtulla A, 
Zimmerman RL. Proliferation of D2-40-expressing intestinal 
lymphatic vessels in the lamina propria in inflammatory bowel 
disease. Int J Mol Med 2004; 13: 211-214 [PMID: 14719125 DOI: 
10.3892/ijmm.13.2.211]

48	 Vranova M, Halin C. Lymphatic Vessels in Inflammation. J Clin 
Cell Immunol 2014; 5: 250 [DOI: 10.4172/2155-9899.1000250]

49	 Becker F, Yi P, Al-Kofahi M, Ganta VC, Morris J, Alexander JS. 
Lymphatic dysregulation in intestinal inflammation: new insights 
into inflammatory bowel disease pathomechanisms. Lymphology 
2014; 47: 3-27 [PMID: 25109166]

50	 Alexander JS, Chaitanya GV, Grisham MB, Boktor M. Emerging 
roles of lymphatics in inflammatory bowel disease. Ann N Y Acad 
Sci 2010; 1207 Suppl 1: E75-E85 [PMID: 20961310 DOI: 10.1111/
j.1749-6632.2010.05757.x]

51	 Von Der Weid PY, Rehal S. Lymphatic pump function in the 
inflamed gut. Ann N Y Acad Sci 2010; 1207 Suppl 1: E69-E74 
[PMID: 20961308 DOI: 10.1111/j.1749-6632.2010.05715.x]

52	 Linares PM, Gisbert JP. Role of growth factors in the development 
of lymphangiogenesis driven by inflammatory bowel disease: a 
review. Inflamm Bowel Dis 2011; 17: 1814-1821 [PMID: 21744436 
DOI: 10.1002/ibd.21554]

53	 D’Alessio S, Correale C, Tacconi C, Gandelli A, Pietrogrande 
G, Vetrano S, Genua M, Arena V, Spinelli A, Peyrin-Biroulet L, 
Fiocchi C, Danese S. VEGF-C-dependent stimulation of lymphatic 
function ameliorates experimental inflammatory bowel disease. 
J Clin Invest 2014; 124: 3863-3878 [PMID: 25105363 DOI: 
10.1172/JCI72189]

Merigo F et al . Glucose transporters in human colon



793 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

54	 Becker F, Potepalov S, Shehzahdi R, Bernas M, Witte M, Abreo 
F, Traylor J, Orr WA, Tsunoda I, Alexander JS. Downregulation 
of FoxC2 Increased Susceptibility to Experimental Colitis: 
Influence of Lymphatic Drainage Function? Inflamm Bowel 
Dis 2015; 21: 1282-1296 [PMID: 25822012 DOI: 10.1097/
MIB.0000000000000371]

55	 Edelblum KL, Turner JR. The tight junction in inflammatory 
disease: communication breakdown. Curr Opin Pharmacol 2009; 9: 
715-720 [PMID: 19632896 DOI: 10.1016/j.coph.2009.06.022]

56	 Berry D, Reinisch W. Intestinal microbiota: a source of novel 
biomarkers in inflammatory bowel diseases? Best Pract Res Clin 
Gastroenterol 2013; 27: 47-58 [PMID: 23768552 DOI: 10.1016/
j.bpg.2013.03.005]

57	 Klag T, Stange EF, Wehkamp J. Defective antibacterial barrier in 
inflammatory bowel disease. Dig Dis 2013; 31: 310-316 [PMID: 
24246980 DOI: 10.1159/000354858]

58	 Lanis JM, Kao DJ, Alexeev EE, Colgan SP. Tissue metabolism 
and the inflammatory bowel diseases. J Mol Med (Berl) 2017; 95: 
905-913 [PMID: 28528514 DOI: 10.1007/s00109-017-1544-2]

59	 Wirzenius M, Tammela T, Uutela M, He Y, Odorisio T, Zambruno 
G, Nagy JA, Dvorak HF, Ylä-Herttuala S, Shibuya M, Alitalo K. 

Distinct vascular endothelial growth factor signals for lymphatic 
vessel enlargement and sprouting. J Exp Med 2007; 204: 
1431-1440 [PMID: 17535974 DOI: 10.1084/jem.20062642]

60	 Flister MJ, Wilber A, Hall KL, Iwata C, Miyazono K, Nisato 
RE, Pepper MS, Zawieja DC, Ran S. Inflammation induces 
lymphangiogenesis through up-regulation of VEGFR-3 mediated 
by NF-kappaB and Prox1. Blood 2010; 115: 418-429 [PMID: 
19901262 DOI: 10.1182/blood-2008-12-196840]

61	 Johnson LA, Prevo R, Clasper S, Jackson DG. Inflammation-
induced uptake and degradation of the lymphatic endothelial 
hyaluronan receptor LYVE-1. J Biol Chem  2007; 282 : 
33671-33680 [PMID: 17884820 DOI: 10.1074/jbc.M702889200]

62	 Beasley NJ, Prevo R, Banerji S, Leek RD, Moore J, van Trappen 
P, Cox G, Harris AL, Jackson DG. Intratumoral lymphangiogenesis 
and lymph node metastasis in head and neck cancer. Cancer Res 
2002; 62: 1315-1320 [PMID: 11888898]

63	 Padera TP, Kadambi A, di Tomaso E, Carreira CM, Brown EB, 
Boucher Y, Choi NC, Mathisen D, Wain J, Mark EJ, Munn LL, Jain 
RK. Lymphatic metastasis in the absence of functional intratumor 
lymphatics. Science 2002; 296: 1883-1886 [PMID: 11976409 DOI: 
10.1126/science.1071420]

P- Reviewer: Huerta-Franco MR, Maric I, Nakase H, Yu LCH    
S- Editor: Gong ZM    L- Editor: A    E- Editor: Huang Y

Merigo F et al . Glucose transporters in human colon



Mercedes Rubio-Manzanares Dorado, Luis Miguel Marín 
Gómez, Daniel Aparicio Sánchez, Miguel Ángel Gómez 
Bravo, Javier Padillo Ruiz, Department of Hepatobiliary and 
Pancreatic Surgery, Virgen del Rocio University Hospital, Seville 
41013, Spain

Sheila Pereira Arenas, Jordi Muntané Relat, Oncology 
Surgery, Cell Therapy, and Organ Transplantation Group, Institute 
of Biomedicine of Seville (IBiS), Virgen del Rocio University 
Hospital, University of Seville, Seville 41013, Spain

Juan Manuel Praena-Fernández, Statistics, Methodology 
and Evaluation of Research Unit, Virgen del Rocio University 
Hospital, Seville 41013, Spain

Juan Jose Borrero Martín, Francisco Farfán López, Pathology 
Department, Virgen del Rocio University Hospital, Seville 41013, 
Spain

ORCID number: Mercedes Rubio-Manzanares Dorado 
(0000-0002-0433-1881); Luis Miguel Marín Gómez (0000 
-0003-3087-7228); Daniel Aparicio Sánchez (0000-0001-7061 
-345X), Sheila Pereira Arenas (0000-0002-5009-5699); Juan 
Manuel Praena-Fernández (0000-0001-5728-1024); Juan Jose 
Borrero Martín (0000-0001-8292-8838); Francisco Farfán 
López (0000-0002-5555-4655); Miguel Ángel Gómez Bravo 
(0000-0002-5155-3508); Jordi Muntané Relat (0000-0002-6744 
-1121); Javier Padillo Ruiz (0000-0002-1220-0822).

Author contributions: Rubio-Manzanares Dorado M, Marín 
Gómez LM, Aparicio Sánchez D, and Pereira Arenas S contributed 
substantially to the conception and design of the study and the 
acquisition of data; Praena-Fernández JM analysed and interpreted 
the data; Farfán López F and Borrero Martín JJ analysed the 
anatomopathological samples; Rubio-Manzanares Dorado M 
wrote the manuscript; and Padillo Ruiz J, Gómez Bravo MÁ and 
Muntané Relat J drafted the article and made critical revisions 
related to the intellectual content of the manuscript. All authors 
approved the final version of the manuscript to be published.

Supported by the Andalusian Public Foundation for the 
Management of Health Research in Seville (FISEVI). 

Institutional review board statement: The study was reviewed 
and approved by the Ethics Committee of The Seville University 
of Medicine, Virgen del Rocío Universitary Hospital, Protocol 
number: CEEA-US2014-013/5.

Conflict-of-interest statement: To the best of our knowledge, 
no conflict of interest exist.

Data sharing statement: Datasets are available from the 
corresponding author via email. Participants gave informed 
consent for data sharing.

ARRIVE guidelines statement: The authors have read the 
ARRIVE guidelines, and the manuscript was prepared and 
revised according to the ARRIVE guidelines.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (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/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Mercedes Rubio-Manzanares Dorado, 
MD, PhD, Staff Physician, Department of Hepatobiliary and 
Pancreatic Surgery, Virgen del Rocio University Hospital, Manuel 
Siurot St., Seville 41013, Spain. mercedesrmd@gmail.com
Telephone: +34-609-074420
Fax: +34-955-012317

Received: December 2, 2017

794 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

ORIGINAL ARTICLE

Translational pancreatic cancer research: a comparative 
study on patient-derived xenograft models

Basic Study

Mercedes Rubio-Manzanares Dorado, Luis Miguel Marín Gómez, Daniel Aparicio Sánchez, Sheila Pereira Arenas, 
Juan Manuel Praena-Fernández, Juan Jose Borrero Martín, Francisco Farfán López, Miguel Ángel Gómez Bravo, 
Jordi Muntané Relat, Javier Padillo Ruiz

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v24.i7.794

World J Gastroenterol  2018 February 21; 24(7): 794-809

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



greatest number of viable xenografts could make the 
subcutaneous model the best option for experimentation 
in pancreatic cancer. 
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Nude mice
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Core tip: Several investigations have established patient-
derived xenograft models for breast, renal, head and 
neck cancer, and hepatocellular tumours. Some of these 
models have predicted the clinical response of a specific 
type of tumour to different chemotherapeutic agents. 
However, the morphological and histological features 
of human pancreatic cancer xenografts in experimental 
models have been poorly studied. In the present study, 
the effectiveness of three experimental models based 
on the implantation of patient pancreatic cancer in three 
different locations (subcutaneous, intraperitoneal and 
pancreatic) have been assessed for the first time. 

Rubio-Manzanares Dorado M, Marín Gómez LM, Aparicio 
Sánchez D, Pereira Arenas S, Praena-Fernández JM, Borrero 
Martín JJ, Farfán López F, Gómez Bravo MÁ, Muntané Relat 
J, Padillo Ruiz J. Translational pancreatic cancer research: A 
comparative study on patient-derived xenograft models. World J 
Gastroenterol 2018; 24(7): 794-809  Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i7/794.htm  DOI: http://
dx.doi.org/10.3748/wjg.v24.i7.794

INTRODUCTION
The development of chemotherapeutic agents for 
pancreatic cancer is closely related to the evolution 
of experimental models. Over the past 50 years, 
subcutaneous xenografts derived from cancer cell lines 
grown in vitro have been widely used[1-3]. A multitude 
of anticancer drugs have been tested using these 
preclinical models[4]. However, drugs that demonstrate 
benefits in animal models are not necessarily effective 
in humans[3,5-7]. 

Since the 1970s, human cancer samples obtained 
by biopsy or surgery have been implanted directly into 
mice[5,8-10]. These patient-derived xenografts (PDX), also 
known as tumour xenografts, were initially abandoned 
because of their high rejection rate[10]. Recently, this line 
of research has been reinitiated due to the development 
of genetically-modified immunodeficient mice, which 
has increased the success rate of grafting[5,11-13].

This PDX model has become competitive in the 
study of pancreatic cancer, particularly for predicting 
the clinical response to chemotherapy, owing to the 
better clinical predictive ability of this model[5]. Our 
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Abstract
AIM
To assess the viability of orthotopic and heterotopic 
patient-derived pancreatic cancer xenografts implanted 
into nude mice.

METHODS
This study presents a prospective experimental 
analytical follow-up of the development of tumours 
in mice upon implantation of human pancreatic ade
nocarcinoma samples. Specimens were obtained 
surgically from patients with a pathological diagnosis 
of pancreatic adenocarcinoma. Tumour samples from 
pancreatic cancer patients were transplanted into 
nude mice in three different locations (intraperitoneal, 
subcutaneous and pancreatic). Histological analysis 
(haematoxylin-eosin and Masson’s trichrome staining) 
and immunohistochemical assessment of apoptosis 
(TUNEL), proliferation (Ki-67), angiogenesis (CD31) 
and fibrogenesis (α-SMA) were performed. When a 
tumour xenograft reached the target size, it was re-
implanted in a new nude mouse. Three sequential 
tumour xenograft generations were generated (F1, F2 
and F3).

RESULTS
The overall tumour engraftment rate was 61.1%. The 
subcutaneous model was most effective in terms of 
tissue growth (69.9%), followed by intraperitoneal 
(57.6%) and pancreatic (55%) models. Tumour 
development was faster in the subcutaneous model 
(17.7 ± 2.6 wk) compared with the pancreatic (23.1 
± 2.3 wk) and intraperitoneal (25.0 ± 2.7 wk) models 
(P  = 0.064). There was a progressive increase in the 
tumour engraftment rate over successive generations 
for all three models (F1 28.1% vs  F2 71.4% vs  
F3 80.9%, P  < 0.001). There were no significant 
differences in tumour xenograft differentiation and cell 
proliferation between human samples and the three 
experimental models among the sequential generations 
of tumour xenografts. However, a progressive decrease 
in fibrosis, fibrogenesis, tumour vascularisation and 
apoptosis was observed in the three experimen
tal models compared with the human samples. All 
three pancreatic patient-derived xenograft models 
presented similar histological and immunohistochemical 
characteristics.

CONCLUSION
In our experience, the faster development and 
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musculature was pulled with the dissecting clamp to 
prevent an accidental enterotomy. The corresponding 
tumour xenograft was placed intraperitoneally, and the 
abdominal wall was immediately closed.

Establishment of tumour generations
Mice were monitored daily for discomfort or distress 
and for tumour growth. Tumours were observed until 
they reached a maximum length of 10 to 15 mm. At 
this time, mice were anesthetized and then euthanized 
by cervical dislocation. All personnel had been properly 
trained and consistently applied the technique humanely 
and effectively. The tumour was then harvested under 
sterile conditions. Animals that showed no tumour 
growth were euthanised 20 wk after the implantation. 
An explorative laparotomy was performed to evaluate 
tumour growth. Tumour xenografts were successively 
re-implanted into a new nude mouse over three sequ
ential generations (F1, F2 and F3) or cryopreserved in 
a freezer. In this way, tumour fragments from an F1 
generation mouse were re-implanted into three mice 
at the three different locations in order to establish the 
F2 generation. Donor mice (bearing F1 tumours) were 
euthanised by cervical dislocation, and five tumour 
samples with a size of 3 mm × 3 mm × 3 mm were 
obtained, of which one was immediately fixed in 4% 
paraformaldehyde for histological analysis, done was 
frozen in liquid nitrogen for immunohistochemical 
analysis, and the other three were maintained in culture 
medium for re-implantation. Necropsy was performed 
on donor mice. This process was repeated until im
plantation of the F3 generation tumour xenograft into 
the nude mice.

Histological analysis of tumours
The harvested xenograft tumours were fixed in a 
10% formalin solution and then embedded in paraffin. 
The tissue was stained with haematoxylin and eosin 
and Masson’s trichrome stain. For the assessment 
of samples stained with haematoxylin and eosin and 
Masson’s stain, two different pathologists reviewed all 
samples twice with a week between each measurement. 

1). Samples were immediately dissected from the 
surgical specimen by a pathologist, who confirmed the 
pathological diagnosis of pancreatic adenocarcinoma.

The surgical samples obtained from each patient were 
divided into five equally sized portions of 3 mm × 3 mm 
× 3 mm. Samples were placed immediately into culture 
medium (Nutrient mixture F-10 Ham; Sigma-Aldrich, St. 
Louis, MO, United States) containing 20% foetal bovine 
serum that had been previously maintained at 2-8 ℃. 
Samples were maintained on ice until implantation 
(from 30 min to 2 h). Three specimens were used 
as tumour xenograft implants at the subcutaneous, 
pancreatic and intraperitoneal locations. The remaining 
two specimens were used for anatomopathological and 
immunohistochemical analyses.

Implantation into nude mice
Male Hsd:Athymic Nude-Foxn1nu mice (severe combined 
immunodeficient) aged 6 to 8 wk and weighing 20 to 25 
g were purchased from Harlan Laboratories (Barcelona, 
Spain). Male mice were used to avoid hormonal inter
ference. Mice were anesthetized in a laminar flow 
cabinet using ketamine (80 mg/kg), xylazine (10 
mg/kg) and droperidol (100 mg/kg) intraperitoneally 
under sterile conditions.

Three experimental models of tissue implantation 
were developed: (1) Subcutaneous model: A 2–3-mm 
incision was made with a scalpel on the back of the 
nude mouse approximately 10 mm from the base of 
the tail. A subcutaneous pouch was dissected with 
scissors. The tumour tissue was gently introduced 
into the corresponding pouch, which was then closed 
by separated sutures using 3/0 silk (Figure 1); (2) 
Pancreatic model: The nude mouse was placed in 
the right lateral decubitus position and a 3-mm left 
subcostal incision was made 1 mm from the rib cage. 
The tail of the pancreas was completely exposed using 
a cotton swab, which helped us to locate the spleen. 
Using a resorbable 4/0 suture, the tumour xenograft 
was sutured onto the tail of the mouse pancreas; and 
(3) Intraperitoneal model: A 3-cm medium laparotomy 
was performed about 10 mm from the pubis. The 

Figure 1  Masson’s trichrome staining of a F2 subcutaneous model (magnification × 500). Black arrow shows the decreased fibrosis between the tumour glands. 
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Measurements were always performed early in the 
morning.

Tumour differentiation
Tumour differentiation was evaluated with haematoxylin 
and eosin staining. Samples were classified as either 
well differentiated (well-formed tumour glands with a 
small nucleus relative to the cytoplasm), moderately 
differentiated (irregular tumour glands with higher 
cellular atypia and pleomorphic nuclei) and less differ
entiated (very poorly defined tumour glands, which 
sometimes acquired a solid pattern, greater archite
ctural and cellular atypia, pleomorphic and large nuclei 
relative to the cytoplasm and a visible nucleolus). 

The World Health Organisation guidelines state 
that well-differentiated tumours have fewer than five 
mitoses in 10 high-growth fields; moderately differen
tiated tumours have from 5 to 10 mitoses; and less 
differentiated tumours have more than 10 mitoses[15]. 
The number of mitoses was calculated by counting 
the number of cells undergoing mitosis in 10 high-
magnification fields at 40 × magnification. The same 
samples were previously examined at 10 × magnification 
to identify the area in which cells undergoing mitosis 
were concentrated, and counting began in these areas. 
Of the two measurements of mitosis for each sample, 
the highest value was taken.

Evaluation of stromal tissue within the tumour 
The degree of fibrosis in the intra- and peritumoral 
areas was evaluated with Masson’s trichrome staining 
on a scale from 1 to 4, with 1 corresponding to the 
minimum and 4 to the maximum degree of fibrosis 
between the tumour glands. There is no published 
classification system to assess the degree of fibrosis in 
pancreatic tumours. There is a subjectivity component 
in this assessment, which can lead to a degree of inter-
observer variability[13].

Immunohistochemistry
Different tumour characteristics were assessed by 
immunohistochemistry, specifically cell proliferation 
(Ki67), cell death (TUNEL), angiogenesis (CD31) and 
fibrogenesis (α-smooth muscle actin, or alpha-SMA). 

This process involves the use of specific primary 
antibodies for the detection of Ki-67 (FLEX monoclonal 
mouse anti-human Ki-67 antigen, clone MIB-1, ref 
IR626; DAKO Denmark A/S), TUNEL (TACSTM TdT kit, 
TA4625; R&D Systems, Inc., MN, United States), CD31 
(polyclonal anti-CD31, ab28364; Abcam, Cambridge, 
United States) and α-SMA (polyclonal anti-alpha-SMA, 
ab5694; Abcam, Cambridge, United States). The 
fluorescence emitted by a secondary antibody (Alexa 
488 anti-rabbit/goat/mouse IgG; Abcam, Cambridge, 
United States) that was common to all proteins studied 
was measured using a fluorescence microscope (BX61, 
Olympus America Inc.) in a darkened room to avoid 
loss of fluorescence, and analysis was performed using 

the Cell Sens Dimensions software (Olympus America 
Inc.). We determined the cut-off level of expression of 
each protein studied using the Cut-off Finder software 
version 2.1[16,17].

Study variables
We analysed tumour development (tumour growth 
greater than 1-1.5 cm or the presence of metastases), 
disease-free time (time in weeks from tumour xenograft 
implantation until the tumour had reached the target 
size), mortality (mice that died spontaneously without 
intervention by the investigators), postoperative 
mortality (death during the first 24 h after surgery or 
on subsequent days as the result of direct failure of the 
surgical technique) and body weight (weekly weight of 
the implanted mice measured in grams).

The variables related to histological assessment 
included differentiation of the tumour and evaluation 
of the stroma. The variables related to the immunohi
stochemistry analysis were tumour cell proliferation 
and stromal cell activation, which was assessed by 
measuring fibrogenesis, angiogenesis and apoptosis.

Statistical analysis
Statistical analyses were carried out using SPSS® for 
Windows software version 21.0 (SPSS Inc., Chicago, 
IL, United States). Quantitative variables are presented 
as the mean ± SE. Qualitative variables are expressed 
as frequencies and percentage. The chi-square exact 
test or the Fisher’s exact test were used for the 
evaluation of tumour development, pathology and im
munohistochemistry. A P-value ≤ 0.05 was considered 
significant. The Bonferroni correction was applied for 
post hoc analysis. The Kaplan-Meir with Log Rank Test 
was used to analyse disease-free time and tumour 
development time.

RESULTS 
Tumour characteristics
The demographic and tumour characteristics of the 
patients, as well as the information regarding F1 
engraftment, are summarised in Table 1[18].

The overall tumour engraftment rate was 61.1% 
(58/95) over the three generations. Tumour xenograft 
development at F1 (from human to mouse) was signifi
cantly lower (28.1%) than in successive implantations, 
in which the tumour xenograft transplantation was 
performed from mouse to mouse (F2 71.4% and F3 
80.9%; P < 0.001). We also observed faster tumour 
xenograft development in the transplantation between 
mice (F2 and F3) when compared to the implant from 
humans to mice (F1 33.7 ± 2.5 wk vs F2 15.5 ± 1.8 wk 
vs F3 16.1 ± 1.9 wk, P < 0.001, Figure 2).

Analysis of tumour engraftment in the three 
models showed that the subcutaneous model was the 
most prolific (69.9%), followed by the intraperitoneal 
(57.6%) and pancreatic (55.0%) models.
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The overall mortality of mice was 13.6%. Post
operative mortality was 4.2%. Mortality was also 
analysed for each model, for which the lowest mortality 
was 9.1% in the subcutaneous model, followed by 
15.2% in the intraperitoneal model and 17.2% in the 
pancreatic model.

The time taken to reach the target size of the 
tumour xenograft (1.5 cm) in the three models was 
analysed. We observed that the time taken was shorter 

in the subcutaneous model (17.7 ± 2.6 wk) than in the 
intraperitoneal (25.0 ± 2.7 wk) and pancreatic (23.1 
± 2.3 wk) models, although there was no significant 
difference between them (P = 0.063).

The probability that a certain patient characteristic 
could be related to successful engraftment in mice was 
evaluated (Table 2). Our analysis did not identify any 
correlation between the progression of engraftment 
with patient age or gender, tumour stage, tumour 
differentiation status (histology) or tumour location 
(head, body or tail of the pancreas or metastases), nor 
with the presence of lymph nodes metastases, distant 
metastasis or perineural invasion.

Anatomopathological and immunohistochemical 
assessment of tumour samples
Tumour differentiation was analysed in all three models. 
Most of the human samples were moderately differ
entiated (72.7%) (Figure 3). No significant differences 
were observed between human pancreatic cancer 
samples and any of three tumour xenograft models 
(Table 3).

With regard to the assessment of stromal tissue, 
the human samples showed higher fibrosis than 
the mice samples (P = 0.044). More than one third 
(36.3%) of the human samples displayed very high 
fibrosis (Figure 4). When the experimental models 

Table 2  Impact of clinical characteristics on the engraftment of the first generation (F1) xenograft in mice n  (%)

Variables Number of patients Number of F1 tumours produced Impact of clinical characteristics on 
tumour take rate (P 1 value)

Age (yr)
   < 70   2 0 (0) 0.444
   ≥ 70   8 5 (62.5)
Gender
   Male   5 2 (40) 0.999
   Female   5 3 (60)
Histology
   ADCP   9 3 (33.3) 0.180
   Ampulloma   2 2 (100)
Differentiation
   G1   0 0 <0.001
   G2 + G3 10 5 (50)
Staging
   ≤ Ⅱ (Ⅰ or Ⅱ)   7 2 (28.6) 0.160
   > Ⅱ (Ⅲ or Ⅳ)   3 3 (100)
Tumour origin
   Head   9 4 (50) Not available
   Tail   1 0 (0)
   Body   0 0
   Metastases   1 1 (100)
Perineural invasion
   Yes   3 1 (33.3) 0.999
   No   7 4 (57.1)
Lymph node metastasis
   Yes   6 3 (50) 0.999
   No   4 2 (50)
Distant metastases
   Yes   2 1 (50) 0.999
   No   8 4 (50)

1Statistical analyses were performed using Fisher’s test, with P < 0.05 considered statistically significant. 
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Figure 2  Time until tumour engraftment for successive re-implants.
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were analysed individually, no significant differences 
were observed compared with the human samples, 
although the intraperitoneal model seemed to show a 
trend towards a lower degree of fibrosis (Table 3).

The results of the immunohistochemistry assessment 
are summarised in Table 4.

Concerning cell proliferation, as indicated by Ki67 
staining, no differences were observed between the 
three experimental models (Figure 5). However, sig
nificant differences in fibrogenesis were detected 
between the human samples and the animal models (P 
< 0.001). All human samples showed high fibrogenesis 
(n = 11) in clear contrast to the PDX models, which 
showed a lower degree of fibrogenesis (Figure 6). 
In addition, up to 87.5% of the pancreatic model 
samples presented low α-SMA expression (Table 4). 

Similarly, a decrease in angiogenesis was observed in 
all models, but the reduction was more pronounced in 
the pancreatic model (P = 0.0027; Table 4 and Figure 
7). A significant difference in apoptosis was found 
between the human samples and the animal models 
(round to P = 0.001). Most of the human samples 
showed elevated apoptosis (72.7%), which was in 
contrast to the experimental models for which most 
samples presented only mild apoptosis (Figure 8). In 
addition, up to 93.8% of the pancreatic model samples 
presented slight apoptosis (Table 4).

DISCUSSION
This study was designed to examine the usefulness of 
a pancreatic tumour xenograft model by focusing on 

Subcutaneous                                                   Intraperitoneal                                                   Pancreas

Human

F1

F2

F3

H1 H1 H2

Figure 3  Haematoxylin-eosin staining through successive generations and PDX models. Tumour differentiation was maintained with successive re-implants 
and in the three PDX models (magnification × 500). H1: Sample from Human 1; H2: Sample from Human 2.
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Table 3  Impact of histology on experimental models n  (%)

Human (n  = 11) Subcutaneous (n  = 23) Intraperitoneal (n  = 17) Pancreas (n  = 16) P 1 value

Impact of differentiation
   Differentiated 2 (18.2) 7 (30.4) 5 (29.4) 3 (18.8) 0.205
   Moderately differentiated 8 (72.7) 7 (30.4) 4 (23.5) 8 (50)
   Undifferentiated 1 (9.1) 9 (39.1) 8 (47.1) 5 (31.3)
Impact of fibrosis
   Mild 4 (36.3) 12 (52.1) 6 (35.2) 6 (37.5) 0.044
   Moderate 3 (27.2) 5 (21.7) 9 (52.9) 3 (18.8)
   High 0 (0) 4 (17.3) 2 (11.7) 5 (31.3)
   Very high 4 (36.3) 2 (8.6) 0 (0) 2 (12.5)

1Statistical analyses were performed by the χ 2 exact test, with P < 0.05 considered statistically significant. 

Subcutaneous                                                   Intraperitoneal                                                   Pancreas

Human

F1

F2

F3

H1 H1 H2

Figure 4  Masson’s trichrome staining through successive generations and PDX models. The human samples showed higher fibrosis than the mice samples. 
Tumour stromal tissue was maintained in the three PDX models (magnification × 500). H1: Sample from Human 1; H2: Sample from Human 2.
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the pathological and immunohistochemical features of 
subcutaneous, intraperitoneal and pancreatic implan
tation of human pancreatic cancer tissue fragments 
into mice. The main findings were: (1) the engraftment 
rate between mice (F2 and F3) was higher than the 
engraftment rate from human to mouse (F1); (2) 
the subcutaneous model developed a higher number 
of implants, although there were no significant di
fferences in favour of any model; and (3) the tumour 
xenografts of the three models maintained some 
human characteristics including differentiation and cell 
proliferation. While these tumour xenografts presented 
reduced fibrosis and fibrogenesis, two other features of 
pancreatic cancer, hypovascularisation and apoptosis, 
were enhanced.

Our study differs from others published in the 
literature as we extracted the sample directly from the 
surgical site[19-21], and tumour cells were not cultured 
in vitro. Neither collagenase nor Matrigel were used 
to facilitate their implantation[22,23]. These steps, along 
with rapid implantation, facilitates the procedure 
and eliminates the influence of factors related to the 
processing of tumour cells such as DNA aberrations 
and cell death[24,25].

There was no correlation between the development 
of F1 tumour xenografts and the clinical characteristics 
of the patients or the pathological anatomy of the 
human tumour samples that were implanted into mice 
(differentiation, fibrosis, cell proliferation, number, fibro
genesis, angiogenesis and apoptosis). The apparent 
lack of correlation between any of these parameters, 
together with the rate of engraftment, may reflect a 
biological phenomenon, or it may be simply be due 
to an insufficient number of human tumours in some 
groups. However, similar results have been obtained 
in other studies[25]. This could be one of the limitations 
of this study. For this reason, new studies with higher 
numbers of participants are required. In addition, a 
genetic assessment of the samples could have enriched 
the study and might have explained this phenomenon.

Faster tumour development and a greater number 
of successful engraftments were observed for mouse-
to-mouse compared to human-to-mouse transplants. 
This is probably a result of decreased apoptosis and 
fibrogenesis with progressing passage, which facilitates 
tumour development[6,26]. The three experimental models 
have similar characteristics in terms of differentiation, 
fibrosis, cell proliferation, fibrogenesis, angiogenesis 
and apoptosis. Tumour development appeared to occur 
earlier in the subcutaneous model; however, tumour 
xenografts that were implanted into the peritoneum or 
orthotopically in the pancreas were harder to visualise 
as they were grafted into a distensible cavity. Imaging 
tests such as nuclear magnetic resonance would 
probably evidence similar growth to the subcutaneous 
model[27]. While evaluating the cost-effectiveness of the 
tumour xenograft was not the purpose of this paper, the 
shorter time taken for the subcutaneous PDX to reach 
the target size may reduce the cost of maintenance 
and experimental duration when compared to other 
models[6]. The practical utility of tumour xenografts 
needs to be addressed in terms of engraftment speed 
and reproducibility. In fact, tumour xenografts show 
a rather limited engraftment rate and slow tumour 
growth. However, those models are readily applicable 
for drug experiment because, once a xenograft has 
been successfully engrafted, it can be used after several 
freeze-thaw cycles and several passages[5]. 

The intraperitoneal and pancreatic models showed 
a tendency toward higher mortality. Two factors may 
explain this trend in these two models: firstly, the 
laparotomy performed in the intraperitoneal model 
and the subcostal incision in the pancreatic model 
are more aggressive procedures and more prone to 
complications (evisceration, unnoticed enterotomy, 
solid viscera lesion and pancreatitis); and secondly, in 
both models the tumour xenografts developed inside a 
cavity where the tumour growth could not be observed. 
Tumour xenografts could infiltrate vital structures, 
unnoticed by the researcher, resulting in the death of 

Table 4  Impact of immunohistochemistry on experimental models n  (%)

Human (n  = 11) Subcutaneous (n  = 23) Intraperitoneal (n  = 17) Pancreas (n  = 16) P 1 value

Impact of cell proliferation (Ki67)
   Mild 4 (36.4) 13 (56.5) 10 (58.8) 8 (50) 0.650
   High 7 (63.3) 10 (43.5) 7 (41.2) 8 (50)
Impact of fibrogenesis (α-SMA)
   Mild 0 (0) 16 (69.6) 11 (64.7) 14 (87.5) < 0.001
   High 11 (100) 7 (30.4) 6 (35.3) 2 (12.5)
Impact of angiogenesis (CD31)
   Mild 2 (18.2) 15 (65.2) 11 (64.7) 14 (87.5) < 0.001
   High 9 (81.8) 8 (34.8) 6 (35.3) 2 (12.5)
Impact of apoptosis (TUNEL) 
   Mild 3 (27.3) 16 (69.6) 14 (82.4) 15 (93.8) < 0.001
   High 8 (72.7) 7 (30.4) 3 (17.6) 1 (6.3)

1Statistical analyses were performed by the χ 2 exact test, with P < 0.05 considered statistically significant. The Bonferroni correction was applied for post hoc 
analysis. The impact of the immunohistochemistry was assessed by Ki67 expression (cell proliferation), α-SMA expression (fibrogenesis), CD31 expression 
(angiogenesis) and TUNEL expression (apoptosis).
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the mouse. Pancreatic and intraperitoneal models are 
more invasive and thus might include more suffering/
physiological burden in a mouse. That might be one 
of reasons why the tumour xenograft grows better 
subcutaneously.

We did not find any significant differences between 
the differentiation and proliferation of human samples 
compared to any of the experimental models. Therefore, 
tumour xenografts in the tested experimental models 
appear to reproduce human characteristics independent 
of the model in which it is implanted (subcutaneous, 
intraperitoneal or pancreas), suggesting that tumour 
xenografts could be valid models for the study of 
chemotherapy[22,25,28,29]. 

Some authors suggest that the interstitial matrix 

may act as a physical barrier to the penetration of 
chemotherapeutics into deeper areas of the tumour[5,30]. 
These studies conclude that the tumour stroma of 
tumour xenografts is larger and more similar to human 
tumour samples than models in which isolated cells 
are implanted from the human tumour or from in vitro 
cultures[5]. The diffusion of chemotherapeutics in the 
latter model could be higher than in human tumours; 
therefore, it is expected that the tumour xenografts will 
be a more realistic model. 

The election in our study of alpha SMA as a marker 
for fibrogenesis is based on the intense desmoplasia 
presented by pancreatic tumours. The pancreatic 
stellate cells involved in tumour desmoplasia are 
characterized by expressing α-SMA and by the synthesis 

Subcutaneous                                                   Intraperitoneal                                                   Pancreas
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F2

F3

H1 H1 H2

Figure 5  Immunohistochemical staining of Ki67 through successive generations and PDX models. Green fluorescence identifies Ki67-positive cells related to 
proliferation. Blue fluorescence identifies cell nuclei. The Ki67 expression was maintained with successive re-implants and in the three PDX models (magnification × 
500). H1: Sample from Human 1; H2: Sample from Human 2.
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of procollagen α-1T which are the main components of 
the extracellular matrix that constitute desmoplasia[31,32].

We did not observe any differences in stromal 
fibrosis in successive tumour xenografts, although there 
was a tendency toward reduced fibrosis compared 
to human samples. However, when we analysed fib
rogenesis or α-SMA expression, a progressive decline 
in fibrogenesis was observed throughout the three 
passages. In the F1 tumour xenografts, there was 
no difference in fibrogenesis compared to the human 
specimen; however, in the F2 tumour xenograft there 
was a significant decrease, and in F3 the decrease was 
remarkable. This phenomenon may explain the increase 
in tumorigenesis in successive re-implants[22,23,26].

Finally, by comparing histological fibrosis measured 

by Masson’s staining and α-SMA expression, a decrease 
in stromal cell activation through successive re-implants 
was evidenced in all experimental models. The advent 
of anti-tumour drugs for cancer niches is determined 
by a variety of factors including drug penetration or 
diffusion, which is dependent on vascularisation of the 
tumour and the stromal matrix. Therefore, the distance 
from cancer cells to the vessels will determine the 
efficacy of the chemotherapeutic drug[5]. Although a 
decrease in the activation of myoblasts and fibroblasts 
may facilitate tumour implantation, we must also 
consider that this may translate into reduced fibrosis of 
the tumour stroma. The chemotherapeutic agent may 
show better diffusion, and thus greater effectiveness, 
in the animal model than in humans. As such, we 

Figure 6  Immunohistochemical staining of alpha-SMA through successive generations. Green fluorescence identifies alpha-SMA -positive cells related to 
fibrogenesis. Blue fluorescence identifies cell nuclei. The alpha-SMA expression was visibly reduced with successive re-implants in all three models, which was more 
remarkable in the pancreatic model (magnification × 500).
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must be cautious when testing the pharmacokinetics 
of chemotherapy drugs, as they may be more effective 
in animal models than in humans. Hence, further 
pharmacological studies that compare all three models 
are mandatory.

Regarding tumour angiogenesis, the evaluation of 
tumour vascularisation is important in the investigation 
of pancreatic cancer. The extension of the vascular 
network is fundamental to assess the response to 
the treatment of anti-tumour drugs. Multiple authors 
use a microvessel density analysis system by CD31 
expression in pancreatic PDX similar to ours[5,33,34]. 

A study by Akashi et al[5] compared grafts that had 
been extracted directly from the tumour specimen 
with those derived from cultured cell lines. The authors 
observed a higher density of microvessels in the 

periphery of the tumour xenografts derived from cell 
lines. In contrast, tumour xenografts derived directly 
from humans presented areas of low microvessel 
density, and thus, maintained similar features to those 
of human basal tumours. Hypovascularisation is a 
characteristic feature of pancreatic cancer which makes 
this tumour chemoresistant[5,34,35]. This characteristic 
was potentiated in our experimental tumour xenog
rafts indicating that these models are representative 
of human tumours for the purposes of drug testing. 
Although hypovascularisation is a hallmark of pancreatic 
cancer, further chemotherapeutic studies are required 
to determine how tumour xenografts behave agai
nst anticancer drugs in order to avoid resistance to 
chemotherapeutic drugs in preclinical models due to 
the significant decrease in angiogenesis in tumour 
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Figure 7  Immunohistochemical staining of CD31 through successive generations. Green fluorescence identifies CD31-positive cells related to angiogenesis. 
Blue fluorescence identifies cell nuclei. The CD31 expression was visibly reduced with successive re-implants (magnification × 500). H1: Sample from Human 1; H2: 
Sample from Human 2.
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xenografts.
In addition to a tendency toward hypovascularisation 

and the development of a strong desmoplastic stroma, 
human pancreatic cancer has a relatively low apoptosis 
rate that makes it chemoresistant[36,37]. In our study, 
there was a trend toward decreasing TUNEL expression 
with subsequent re-implants for all three experimental 
models, which was more remarkable in the orthotopic 
implant and pancreatic model. 

In conclusion, The three PDX models have similar 
characteristics in terms of differentiation, fibrosis, cell 
proliferation, fibrogenesis, angiogenesis and apoptosis, 
but tumour development was detected earlier in the 
subcutaneous model. Intraperitoneal and pancrea
tic PDX models presented a greater morbidity and 

mortality than subcutaneous model. There was also a 
higher number of viable tumour xenografts with the 
progression of sequential implants in this experimental 
model. For these reasons, the subcutaneous model 
may represent the best option for the investigation of 
anticancer drugs with tumour xenografts.

ARTICLE HIGHLIGHTS 
Research background
Currently, a dozen experimental models are available. The molecular 
characteristics of these models can vary substantially with the morphology 
of the lesion, and thus, the selection of the model is not trivial. Multiple 
laboratories have established models of breast xenografts, head and neck 
cancer, and hepatocellular tumours that maintain the characteristics of the 
primary tumour from which they come. Some of these models have predicted 
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Figure 8  Immunohistochemical staining of TUNEL through successive generations. Green fluorescence identifies TUNEL-positive cells related to apoptosis. 
Blue fluorescence identifies cell nuclei. TUNEL expression was reduced with subsequent re-implants for all three experimental models, which was more remarkable in 
the intraperitoneal and pancreatic model (magnification × 500).
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the clinical response of a specific type of tumour to different chemotherapeutic 
agents. The main advantage of human tumour xenografts in the mouse 
is that they seem to preserve the pathological and immunohistochemical 
characteristics of the primary tumour, which may allow us to experiment with 
drugs with human-like pancreatic cancer models. However, the degree to which 
periampullary carcinoma implants and ductal adenocarcinoma (DAC) reflect the 
morphological and histological characteristics of their tumours of origin have 
been poorly studied and there are few publications on the subject.

Research motivation
Periampullary carcinomas, and especially DAC, are characterised by early 
vascular, lymphatic and perineural dissemination, so that some authors 
consider it to be a systemic disease from the beginning. This implies criteria 
of unresectability and justifies the ominous prognosis of the disease. At the 
time of diagnosis, 85% of patients present a macroscopic disease beyond the 
limits of the organ. The large epidemiological series approximate the incidence 
of pancreas cancer to their annual mortality. Given the unfortunate prognosis 
of this disease, the development of new chemotherapy drugs with systemic 
action that complement the local surgical treatment is fundamental. One of the 
main problems that researchers find in developing new molecules is the lack of 
animal models that faithfully reproduce the characteristics of human pancreatic 
cancer. Both the models developed in genetically modified mice (GEMM) and 
those induced by carcinogenic substances have facilitated the understanding at 
the molecular level and the appearance of new anti-tumour drugs with in vitro 
activity. Unfortunately, these treatment lines are often ineffective in humans.

The appearance of immunocompromised nude mice has allowed the 
resumption of animal models with human xenografts, whose main limitation 
was the high rejection rate. In this way, we can develop experimental models 
of human periampullary tumours that preserve the original genotypic and 
phenotypic characteristics.

The morphological and histological characteristics derived from the 
xenografts of pancreatic cancer in the experimental models have been poorly 
studied. In order to make animal models that are more similar to cancer in 
humans, we have developed this study.

Research objectives
Following this line of work, we have developed three experimental models 
through the use of xenografts: subcutaneous, intraperitoneal and pancreatic. 
The main objective of this study is to assess the viability of orthotopic 
(intrapancreatic) and heterotopic (intraabdominal and subcutaneous) xenografts 
of human pancreas cancers implanted in nude mice.

This work is part of a more ambitious line of research that in the future 
intends to identify molecules or combinations of these with the help of these 
models to rescue patients for surgery.

Research methods
A prospective experimental analytical follow-up of the development of tumours 
in mice upon implantation of human pancreatic adenocarcinoma samples was 
presents. Specimens surgically from patients with a pathological diagnosis 
of pancreas adenocarcinoma were obtained. Human cancer samples were 
implanted as tumour xenografts in three experimental models. The surgical 
samples were divided into five equally sized portions of 3 mm × 3 mm × 3 mm. 
Three specimens were used as tumour xenograft implants at the subcutaneous, 
pancreatic and intraperitoneal locations in nude mice. To date, no study 
comparing the implantation of a heterotopic pancreatic cancer xenograft with an 
orthotopic tumour xenograft has been published.

Histological analysis and immunohistochemical assessment of apoptosis, 
proliferation, angiogenesis and fibrogenesis were performed. When a tumour 
xenograft got the target size, it was re-implanted in a new nude mouse. Three 
sequential tumour xenograft generations (F1, F2 and F3) were generated.

Research results
The main findings of this study were: (1) the engraftment rate between 
mice was higher than the engraftment rate from human to mouse; (2) the 
subcutaneous model developed a higher number of implants, although there 
were no significant differences in favour of any model; and (3) the tumour 
xenograft of the three models maintained some human characteristics including 
differentiation and cell proliferation. While these tumour xenografts presented 

reduced fibrosis and fibrogenesis, two other features of pancreatic cancer, 
hypovascularisation and apoptosis, were enhanced.

The practical utility of tumour grafts needs to be addressed in terms of 
engraftment speed and reproducibility. In fact, tumour xenografts show a rather 
limited engraftment rate and slow tumour growth. However, those models are 
readily applicable for drug experiment because, once a xenograft has been 
successfully engrafted, it can be used after several freeze-thaw cycles and 
several passages. 

Although these models can develop tumours that are very similar to 
humans, they are not an exact reflection of them. In this way, chemotherapeutic 
agents could be more effective in pancreatic PDX models than in human 
tumours. For this reason, new preclinical studies with chemotherapeutic agents 
are mandatory in those models.

Research conclusions
In the establishment of patient-derived xenograft models, samples of 
primary tumours were implanted in immunodepressed mice subcutaneously, 
intraperitoneally or orthotopically, with no intermediate step of in vitro 
propagation. Although the subcutaneous model is easy to perform through an 
incision with the scalpel on the back of the mouse, the microenvironment of 
the tumour is not exactly the same. We have considered one step further by 
designing a new intraperitoneal and pancreatic model that may reproduce the 
natural conditions of human pancreatic cancer. However, in our study, implanted 
subcutaneous xenografts maintain pathological and immunohistochemical 
characteristics of the primary tumour from which they derive similarly to the 
other two developed models.

To date, there has been no study on pancreatic cancer that has 
determined the best location to develop xenografts in animal models. In our 
study, the detection of tumour development is earlier in the subcutaneous 
model, which implies a lower cost compared to the other models. In addition, 
the subcutaneous model is the one with the highest number of viable 
xenografts developed throughout the different re-implantations. Taking into 
account that the three models developed have similar anatomopathological and 
immunohistochemical characteristics, the subcutaneous model could be the 
best option for the investigation of anticancer drugs with xenografts. However, 
more studies are needed to confirm this theory.

Research perspectives
The majority of works that strive to broaden our knowledge about the 
diagnosis and treatment of pancreas cancer, are based on xenografts from 
cell lines cultured in vitro. Chemotherapy agents which have good results 
in these experimental models do not have the same results when they are 
used in human tumours. In our case, we have established three models of 
pancreas tumours directly derived from patients and we have compared the 
morphological and immunological characteristics of the xenografts with the 
human tumours in order to establish which is the model that most faithfully 
reflected human tumour characteristics. 

In our experience, due to the earliest development and the highest number 
of viable xenografts, as well as being the experimental model with the lowest 
morbidity, the subcutaneous model may be the best model for experimentation 
in pancreatic cancer.

Our intention is to select the best implant route in order to use these 
models in the future to detect biomarkers of pancreatic cancer and to develop 
specific chemotherapeutic regimens for each patient.
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Abstract
AIM
To demonstrate the feasibility of cryopreservation 
of peripheral blood mononuclear cells (PBMCs) for 
prognostic circulating tumor cell (CTC) detection in 
gastroesophageal cancer.

METHODS
Using 7.5 mL blood samples collected in EDTA tubes 
from patients with gastroesopheagal adenocarcinoma, 
CTCs were isolated by epithelial cell adhesion molecule 
based immunomagnetic capture using the IsoFlux 
platform. Paired specimens taken during the same 
blood draw (n  = 15) were used to compare number 
of CTCs isolated from fresh and cryopreserved PBMCs. 
Blood samples were processed within 24 h to recover 
the PBMC fraction, with PBMCs used for fresh analysis 
immediately processed for CTC isolation. Cryopre
servation of PBMCs lasted from 2 wk to 25.2 mo 
(median 14.6 mo). CTCs isolated from pre-treatment 
cryopreserved PBMCs (n  = 43) were examined for 
associations with clinicopathological variables and 
survival outcomes.

RESULTS
While there was a significant trend to a decrease in 
CTC numbers associated with cryopreserved specimens 
(mean number of CTCs 34.4 vs  51.5, P  = 0.04), this 
was predominately in samples with a total CTC count 
of > 50, with low CTC count samples less affected (P 
= 0.06). There was no significant association between 
the duration of cryopreservation and number of CTCs. 
In cryopreserved PBMCs from patient samples prior 
to treatment, a high CTC count (> 17) was associated 
with poorer overall survival (OS) (n  = 43, HR = 4.4, 
95%CI: 1.7-11.7, P  = 0.0013). In multivariate analysis, 
after controlling for sex, age, stage, ECOG performance 
status, and primary tumor location, a high CTC count 
remained significantly associated with a poorer OS (HR 
= 3.7, 95%CI: 1.2-12.4, P  = 0.03). 

CONCLUSION
PBMC cryopreservation for delayed CTC isolation is a 
valid strategy to assist with sample collection, trans
porting and processing.

Key words: Cryopreservation; Circulating tumor cells; 
Liquid biopsy; Gastroesophageal cancer; Gastric cancer

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study demonstrates a novel and robust 
protocol for the cryopreservation and thawing of patient 
blood samples, demonstrating reliable circulating tumor 
cell isolation and characterisation after the long term 
storage of patient samples. Using the largest patient 
cohort reported to date, we validated our method by 
confirming the independent prognostic association of 

circulating tumor cell (CTC) enumeration from cryopre
served peripheral blood mononuclear cells. Cryopre
servation may assist with the wider incorporation of 
CTC collection and analysis in biobanking, retrospec
tive studies, and large international clinical trials, by 
facilitating specimen storage, bulk transporting, and 
batch processing.

Brungs D, Lynch D, Luk AW, Minaei E, Ranson M, Aghmesheh 
M, Vine KL, Carolan M, Jaber M, de Souza P, Becker TM. 
Cryopreservation for delayed circulating tumor cell isolation 
is a valid strategy for prognostic association of circulating 
tumor cells in gastroesophageal cancer. World J Gastroenterol 
2018; 24(7): 810-818  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i7/810.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.810

INTRODUCTION
Circulating tumor cell (CTC) analysis continues to be a 
rapidly developing field in oncology, offering a promising 
tool to both prognosticate and guide managements for 
patients[1]. Despite recent advancements in the field, 
one persisting challenge to the widespread adoption 
of CTC analysis for translational clinical trials or routine 
clinical care is the limited time frame considered 
best for blood processing and CTC isolation. Usually 
fresh blood is processed for CTCs within 24 h after 
blood draw, requiring prompt transfer to specialised 
centres for CTC isolation and analysis, which offers 
significant logistical challenges[2]. To overcome this 
issue, some studies use blood collection tubes that 
contain fixatives. Fixation of blood samples can allow 
CTC processing delayed by several days which has 
proven very useful for some CTC analyses[3,4]. However, 
fixatives may interfere with down-stream molecular 
analyses that require isolation of nucleic acids[5]. An 
alternative is the use of cryopreservation protocols for 
peripheral blood mononuclear cells (PBMCs) to allow 
delayed CTC isolation from these cells followed by CTC 
analysis. Cryopreservation should overcome fixation 
related analysis limitations and allow far more flexible 
time frames for batched CTC processing. However, a 
defined, robust cryopreservation protocol that is proven 
to enable analysis of the same or at least a relevant 
proportion of CTCs to that found in fresh samples, 
needs to be adopted and confirmation is needed 
whether cryopreserved CTCs can still predict disease 
outcome.

The advantage of cryopreservation of PBMCs is that 
it requires only minimal local processing, possible in 
most diagnostic settings, as well as feasible cryostorage 
and frozen transport of PBMC samples.

While there are a large number of approaches used 
to isolate and identify circulating tumor cells (recently 
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reviewed by van der Toom et al[6]), the best established 
and most widely used is the CellSearchTM system 
(Menarini-Silicon Biosystems), which uses positive 
immunomagnetic isolation of epithelial cell adhesion 
molecule (EpCAM, an epithelial cell marker) expressing 
cells followed by cytokeratin (CK), CD45, and DAPI 
staining[2]. The CTCs are then identified with automated 
immunofluorescence microscopy, defined by an EpCAM/
CK/DAPI positive and CD45 negative phenotype. Cell 
Search CTC counts have shown to be prognostic in 
large patient series in a variety of cancers[7-9], including 
gastroesophageal cancer[10-12], but the instrument offers 
limited sensitivity in resectable gastroesophageal cancer, 
with CTCs detected in less than 15% of patients[10,13]. 
The IsoFlux system (Fluxion) uses a similar definition 
of CTCs to CellSearch (EpCAM/CK/DAPI positive, 
CD45 negative phenotype), but has shown a greater 
sensitivity for CTC detection[14-16]. This platform uses 
EpCAM targeted immunomagnetic isolation of CTCs 
within a microfluidic setting, improving isolation of CTCs 
with lower EpCAM expression, minimising leukocyte 
contamination, and allowing downstream applications 
including staining, enumeration, or sequencing, as 
shown for fresh blood samples[16].

Here, we use a viable method of PBMC cryopre
servation that allows subsequent isolation and immu
nocytochemical analysis of CTCs. We demonstrate 
the feasibility of PBMC cryopreservation for delayed 
CTC isolation using paired cryopreserved and freshly 
processed blood samples drawn at the same time 
from patients with gastroesophageal adenocarcinoma. 
Importantly, we also provide data confirming that 
cryopreserved CTCs remain clinically applicable as a 
circulating prognostic marker for overall survival (OS).

MATERIALS AND METHODS
Patient population
Blood samples were collected from patients with 
histologically confirmed distal oesophageal, gastroe
sophageal junction, or gastric adenocarcinomas treated 
at Wollongong Hospital, Australia. Blood samples were 
collected in 7.5 mL EDTA Vacutainer tubes (Sarstedt 
AG & Co.) and maintained at room temperature until 
processing.

In the initial cohort (Cohort 1) to confirm the feasi
bility of cryopreservation, 15 patients with gastroe
sophageal carcinomas had 2 specimens taken during 
the one blood draw, one processed within 24 h (“fresh” 
specimen), and one cryopreserved with delayed CTC 
isolation and analysis (“cryopreserved” specimen). Pre-
treatment blood samples were cryopreserved from a 
second, larger cohort of patients for correlation with 
clinical outcomes (Cohort 2). The study was approved 
by South Western Sydney Local Health District Human 
Research Ethics Committee (Project Number 15/072). 
A written informed consent was obtained from each 

participant before sample collection.

Sample preparation
Blood samples were processed within 24 h to recover 
the PBMC fraction using 50 mL SepMate tubes and 
Lymphoprep according to manufacturer’s instructions 
(Stemcell Technologies, Vancouver, BC, Canada).

PBMCs used for fresh analysis were resuspended in 
Isoflux Binding Buffer and immediately processed for 
CTC isolation (see below).

PBMCs for cryopreservation were well resuspended 
in 1 mL of diluted plasma (the supernatant of the 
PBMC preparation from the matching patient) with the 
addition of 7.5% final DMSO, and stored at -80 ℃ until 
further processing. Cryopreserved samples were thawed 
according to the protocol from Fluxion Biosciences, San 
Francisco, California, United States[17]. In brief, warmed 
(37 ℃) thawing buffer, consisting of RPMI 1640 with 
10% Fetal Bovine Serum (FBS, Bovogen Biologicals, 
Australia) and 50 Unit/mL Benzonase (Sigma-Aldrich, 
Germany), was added to thawed samples, washed once 
in thawing buffer, and resuspended in IsoFlux Binding 
Buffer with 5% FBS. 

Circulating tumor cell isolation, staining, and imaging
As per the Fluxion protocol, immunomagnetic beads 
preconjugated with anti-EpCAM antibodies (CTC 
Enrichment Kit; Fluxion Biosciences Inc) were added 
to PBMCs suspended in IsoFlux Binding Buffer, and 
incubated for 90 min at 4 ℃ with passive mixing on a 
rotator. Samples were then loaded into the sample well 
of the microfluidic cartridge and underwent immuno
magnetic isolation of CTCs with the IsoFlux using the 
standard protocol (Fluxion Biosciences Inc).

Recovered CTCs were blocked with a final concen
tration of 1.2 µg/µL mouse IgG in binding buffer (Jackson 
ImmunoResearch, Baltimore, PA, United States) for 
30 min, washed and fixed in fixing solution (Fluxion 
Biosciences Inc). The CTCs were then blocked in 10% 
FBS in binding buffer for 15 min, then underwent immu
nofluorence staining for anti-CD45 antibody conjugated 
to Alexa Fluor 647 (Biolegend, Clone HI30). The 
CTCs were also stained for urokinase plasminogen 
activator receptor (uPAR, CD87), a key receptor in the 
plasminogen activator system and clinically relevant 
biomarker in primary gastroesophageal cancer[18], using 
anti-uPAR antibody conjugated to AF594 (ThermoFischer, 
Clone R4). After permeabilization with 0.1% Triton 
X-100, cells were probed with anti-cytokeratin antibody 
conjugated to FITC (Sigma-Aldrich, Clone PCK-26). CTCs 
were finally stained with Hoechst and mounted using 
Isoflux mounting media to 24-well glass bottom plates 
(MoBioTec, Goettingen, Germany) for imaging. 

Imaging was performed with an inverted epifluo
rescence microscope (Leica DMi8, Leica Microsystems 
Pty Ltd) using the Leica Application Suite. Cells were 
considered CTCs if they were CK positive, CD45 
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similar to fresh samples (Figure 1). There was a 
significant difference between CTC numbers isolated 
from the cryopreserved samples compared to fresh 
samples (mean number of CTCs 34.4 cryopreserved vs 
51.5 fresh, P = 0.04, Figure 2), however this difference 
was predominately attributable to a larger fall in CTC 
numbers in samples with very high CTC counts (> 50 
CTCs in the fresh specimen). There was no significant 
difference in CTC count between cryopreserved and 
fresh samples for specimens with CTC count less than 
50 (n = 11 patients, mean number of CTCs 10.7 vs 
16.3, P = 0.06). Thus CTC loss by cryopreservation in 
patient samples with low CTC counts appears relatively 
minor (mean proportion of CTCs lost in cryopreserved 
samples = 23.95%).

Cryopreserved circulating tumor cell and clinical 
outcomes (cohort 2)
A larger cohort of 43 gastroesophageal cancer 
patients (cohort 2) was analyzed to validate whether 
detectable CTC counts post cryopreservation correlated 
to disease outcomes. All patient samples were taken 
prior to treatment commencement and had undergone 
cryopreservation before CTC isolation. Cohort 2 included 
the 10 treatment naive patients from cohort 1. Patient 
characteristics of cohort 2 are summarised in Table 1. 
Twenty-four patients had resectable disease (Stage 
Ⅱ or Ⅲ). Post CTC evaluation, 11 of these patients 
received neoadjuvant chemoradiotherapy prior to 
resection (CROSS regimen), 3 received perioperative 
chemotherapy (MAGIC regimen), and 10 had surgery 
alone. Nineteen patients had metastatic disease (stage 
Ⅳ). Most of these patients received chemotherapy 
(7 patients: platinum and capecitabine doublet, 3 
patients: anthracycline, capecitabine, and platinum 
triplet, 1 patient: irinotecan or paclitaxel monotherapy), 
immunotherapy (2 patients), and 6 patients received no 
active systemic treatments. 

CTCs were detected in 42/43 patients (95.5%), 

negative, nucleated and morphologically intact. The 
proportion of uPAR positive CTCs was recorded.  

Statistical analysis
The CTC recovery from matched cryopreserved and 
fresh samples were compared with the paired t-test. 
Correlation between cryopreservation time and CTC 
number was described with a Pearson correlation 
coefficient, and the Fisher exact test and t-test were 
used to compare the status of CTCs with categorical 
clinicopathologic factors. 

For survival analyses, in the absence of established 
cut-offs for prognostic CTC numbers, the median CTC 
count (17) was used as the discriminator between high 
and low CTC counts. Survival analyses are conducted 
using Kaplan-Meier methods, with median survival 
reported. Unadjusted and multivariable Cox proportional 
hazards regression analyses were used to estimate the 
association between CTC counts and survival, and to 
calculate corresponding hazard ratios (HRs) and 95% 
confidence intervals (CIs). The following variables were 
included in the multivariate model: age, sex, ECOG, 
TNM stage, primary tumor location, and CTC count. 
All statistical analyses were performed using SAS 9.2 
software (SAS Institute, Inc., Cary, NC, United States). 

RESULTS
Matched fresh and cryopreserved specimens (cohort 1)
Matching parallel blood samples, collected from 15 
gastroesophageal cancer patients (10 patients had 
blood taken prior to treatment, 5 patients were already 
on treatment), that had either been cryopreserved 
before CTC processing or were processed fresh, were 
compared. Cryopreservation of PBMCs lasted from 2 wk 
to 25.2 mo (median 14.6 mo). There was no significant 
correlation between cryopreservation time and CTC 
number (Pearson r -0.25, P = 0.09). CTCs isolated 
from cryopreserved samples appeared morphologically 

DAPI

Fresh

CK CD45 uPAR Merged

Cryopreserved 20 μm

Figure 1  Representative images of circulating tumor cell isolation from fresh and cryopreserved samples demonstrating preservation of leukocyte and 
circulating tumor cell morphology. The fresh sample demonstrates a nucleated CK+/CD45- CTC which is uPAR negative, as well as a CK-/CD45+ leukocyte. The 
cryopreserved sample shows a uPAR positive CTC. CTC: Circulating tumor cell.
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with a median CTC of 17 (interquartile range 8-38). 
Patients with metastatic disease had a higher number 
of CTCs than those with resectable disease (Figure 3, 
mean CTC count 53.8 vs 15.8, P = 0.0013).

Currently there are no established cut-offs for 
prognostic CTC numbers detected using the IsoFlux 
in gastroesophageal adenocarcinoma. Therefore we 
opted to divide our patients by their CTC counts, above 
versus equal or lower than the median CTC count, 
to test for any correlation with clinical outcomes. 
Patients with a high CTC count (> 17) had a poorer 
OS than those with a lower CTC count (≤ 17) (Figure 
4, median OS 2.8 mo vs 23.2 mo, HR = 4.4, 95%CI: 

1.7-11.7, P = 0.0013). In multivariate analysis, after 
controlling for sex, age, stage, ECOG performance 
status, and primary tumor location, a high CTC count 
remained an independent prognostic factor associated 
with poor OS (Table 2, HR = 3.7, 95%CI: 1.2-12.4, 
P = 0.03). This association was stronger when the 
analysis was restricted to patients with metastatic 
disease (n = 19, HR = 5.5, 95%CI: 1.2-25.5, P = 0.01), 
but not observed in patients with resectable disease 
(n = 24, P = 0.39), although a high CTC count (> 17) 
was associated with a non-significant trend to shorter 
recurrence free survival in these patients (HR = 3.1, 
95%CI: 0.8-12.6, P = 0.09). 

Most patients had some uPAR positive CTCs (40/43, 
93.0%), however the proportion of uPAR positive CTCs 
was similar between patients with localised and meta
static disease (mean proportion uPAR positive CTCs 
48.8% vs 47.7% respectively, P = 0.89), and there was 
no association with survival outcomes (Supplementary 

Table 1  Characteristics of patients in cohort 2 n  (%)

CTC count

All patients Low (CTC ≤ 17) High (CTC > 17)

n  = 43 n  = 23 n  = 20
Age
   Mean (range) 64 (39-89) 65 (39-89) 64 (48-83)
Sex
   Male 32 (74.4) 15 (65.2) 20 (85.0)
   Female 11 (25.6) 8 (34.8) 3 (15.0)
ECOG
   0-1 36 (83.7) 22 (95.6) 14 (70.0)
   2-4 7 (16.3) 1 (4.3) 6 (30.0)
Primary tumor location
   Distal oesophageal 12 (27.9) 8 (34.8) 4 (20.0)
   Gastroesophageal junction 14 (32.6) 4 (17.4) 10 (50.0)
   Gastric 17 (37.5) 11 (47.8) 6 (30.0)
Stage
   Ⅱ 18 (41.9) 13 (56.5) 5 (25.0)
   Ⅲ 6 (14.0) 4 (17.4) 2 (10.0)
   Ⅳ 19 (44.2) 6 (26.1) 13 (65.0)

CTC: Circulating tumor cell; ECOG: Eastern cooperative oncology group performance status.
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Figure 2  Circulating tumor cell enumeration by processing method. 
Mean number of CTCs isolated in the fresh specimens were higher than in the 
matched cryopreserved sample (mean difference in CTCs 17.1 95%CI: 0.7-33.6, 
P = 0.043). This difference was mostly driven by larger falls in CTC counts in 
samples with high numbers of CTCs (> 50 CTCs in fresh samples), with no 
significant difference in CTC counts for samples with less than 50 CTC in the 
fresh specimen (P = 0.06).
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Figure 3  Circulating tumor cell count by stage. CTC processing post 
cryopreservation produced a higher mean CTC count in metastatic patients 
compared to the resectable patients (mean CTC in metastatic 53.8 vs 
resectable 15.8, P = 0.0013). CTC: Circulating tumor cell.
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Figure 1, median OS 17.0 mo vs 12.8 mo, P = 0.6).

DISCUSSION
In this study we report the reliable isolation, immuno
cytochemical identification, and enumeration of gastroe
sophageal cancer CTCs from cryopreserved PBMCs 
using the IsoFlux platform. The included cohort is the 
largest reported study analysing cryopreservation of 
patient PBMCs for CTC detection. Our data confirms 
that CTCs isolated from cryopreserved samples remain 
an independent prognostic factor associated with OS.

The timely processing of patient samples for CTC 
isolation, usually is recommended within 24 h for most 
isolation methods[19], presenting significant logistical 
challenges for researchers and prohibits inclusion of 
patients from remote areas into clinical trials that would 
rely on CTCs as outcome measures. This is mainly be
cause current methods of CTC analysis require signifi
cant expertise, instrumentation, time and laboratory 
resources, usually performed in specialised research 
centres. Protocols using isolation of CTCs from cryop
reserved specimens would require some basic proces
sing and cryopreservation at the site of blood draw, but 
offer many advantages, including the ability to biobank 
patient samples for prolonged periods of time before 

central processing. This would be a huge benefit for 
larger scale clinical trials as it would allow inclusion of 
geographically separated sites. 

Previous work has shown that the immunochemical 
properties of CK, EpCAM and CD45, central to the 
isolation and identification of CTCs, are not affected 
by cryopreservation and thawing[20,21]. In agreement, 
our results demonstrate a similar morphological and 
immunofluorescent profile between cryopreserved 
and fresh CTCs and leukocytes, suggesting current 
techniques are suitable for cryopreserved samples. 
This approach is further supported by other work 
showing close concordance in genetic alterations seen 
on paired fresh and frozen CTCs[21].

Our results also show that enumeration of CTCs 
isolated from cryopreserved PMBCs is a valid prognostic 
biomarker in gastroesophageal cancer. Patients with 
metastatic disease had a significantly higher number 
of CTCs than those with resectable disease (mean CTC 
count 53.8 vs 15.8, P = 0.0013). Moreover, patients 
with a high CTC count (> 17) had a much poorer OS 
than those with a lower CTC count (≤ 17) (HR = 4.4, 
P = 0.0013). High CTC count remained significant in 
the multivariate analysis as an independent predictor 
of poorer OS (HR = 3.7, P = 0.03), after controlling for 
age, ECOG, sex, stage and primary tumour location, 
particularly when analysis was restricted to patients with 
metastatic disease only (HR = 5.5, P = 0.01). These 
results are concordant with other studies which confirm 
CTC enumeration as an important prognostic factor in 
gastroesophageal cancer[10-12]. 

Given our previous findings that the uPA system is a 
clinically relevant biomarker in primary gastroesophageal 
cancer[18], we undertook and successfully probed for 
uPAR expression in CTCs derived from cryopreserved 
and fresh samples. We previously have shown that 
higher expression of uPA, uPAR and PAI-1 in the 
primary tumour is associated with higher risk disease 
and poorer prognosis. However, in this study, there 
was no correlation between CTC uPAR expression with 
disease parameters. This suggests that the selection of 
epithelial (EpCAM-positive) CTCs might have affected 
any correlation of uPAR with patient outcome, as 
CTCs that present mesenchymal phenotypes, such as 

Table 2  Univariate and multivariate analysis for overall survival for cohort 2 (n  = 43)

Univariate Multivariate

Factor HR (95%CI) P  value HR (95%CI) P  value
CTC count (high vs low) 4.4 (1.7-11.7) 0.001 3.7 (1.2-12.4) 0.03
Age (≥ 65 vs <65 yr old) 0.7 (0.3-1.8) 0.46 1.0 (0.9-1.1) 0.76
ECOG (2-4 vs 0-1) 7.2 (2.2-23.7) 0.0002 2.3 (0.5-10.1) 0.14
Sex (male vs female) 1.2 (0.4-3.8) 0.7 0.7 (0.2-2.1) 0.49
Stage (Ⅳ vs Ⅱ-Ⅲ) 10.0 (3.3-30.8) < 0.0001 9.9 (2.9-33.8) 0.0003
Primary tumor location (gastric vs oesophageal/GOJ) 0.3 (0.1-1.01) 0.05 0.4 (0.2-1.6) 0.22

Significant values are italicised. In both univariate and multivariate analysis, a high CTC count (> 17) remained statistically significant as an independent 
factor associated with poorer overall survival. CTC: Circulating tumor cell; ECOG: Eastern cooperative oncology group performance status; GOJ: 
Gastroesophageal junction.
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Figure 4  Overall survival by circulating tumor cell count. Patients with > 
17 CTCs isolated from cryopreserved specimens had a poorer overall survival 
compared to those with ≤ 17 CTCs (median OS 2.8 mo vs 23.2 mo, HR = 4.4, 
95%CI: 1.7-11.7, P = 0.0013). OS: Overall survival; CTC: Circulating tumor cell.
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uPAR expressing cells, can escape standard methods 
of isolation reliant on epithelial markers[22]. Indeed 
Vishnoi et al[23]. has previously reported the isolation 
of subsets of EpCAM-negative, uPAR and integrin β1 
positive breast cancer CTCs, which further supports the 
concept of CTC heterogeneity[23]. Ultimately, we have 
successfully stained for a novel biomarker, uPAR, which 
further supports our cryopreservation method as a valid 
CTC isolation approach. 

One important concern with cryopreservation is the 
potential for loss of CTCs due to cell loss during freezing, 
storage, or thawing. In a study by Nejlund et al[20], tumor 
cell recovery from cryopreserved spiked tumor cells in 
normal controls was variable, with up to a 40% tumor 
cell loss. However in clinical samples using matched 
fresh and cryopreserved specimens from the same 
patient, there was no consistent loss of CTCs, with the 
variation in CTC enumeration similar to those seen in 
paired fresh samples in other studies[2,20]. Friedlander 
et al[21] found that cryopreservation of PBMCs had no 
significant effect on the cell recovery from patients with 
metastatic prostate cancer. We noted a small loss of 
CTCs associated with cryopreservation, however this 
was predominately in samples with large numbers 
of CTCs (> 50), where loss of some CTCs is more 
acceptable than samples with low CTC counts. We 
noted samples with high numbers of CTCs were more 
prone to cell clumping despite benzonase. This is 
normally due to the release of viscous DNA from cell 
lysis on thawing, leading to aggregates which prevent 
accurate CTC counting. We speculate that the higher 
disease burden in these patients, coupled with a 
corresponding systemic inflammatory response, lead 
to poorer cell integrity within the PBMCs of high CTC-
count samples. Some loss of CTCs in these samples 
will have little impact for prognostic and down-stream 
biomarker analysis purposes. There was no significant 
loss of CTCs in samples were the total CTC count was 
≤ 50 (P = 0.06).

Similar to previously published work, we found that 
the duration of cryopreservation was not correlated 
with number of isolated CTCs[20]. Moreover, we were 
able to isolate CTCs from specimens stored at -80 ℃ 
for over two years, suggesting cryopreservation is a 
suitable approach for long term projects that involve 
biobanking of patient samples.

Even when using cryopreservation prior to CTC 
isolation, we found higher numbers of CTCs (median 
CTC count 17) and a higher number of patient samples 
with CTCs (98%) compared to other studies using 
EpCAM based CTC capture in gastroesophageal 
cancer[10-12,24]. The correlation of CTC numbers with 
disease progression implies that the CTCs we identified 
are indeed disease related. Increased CTC counts 
are consistent with the higher reported sensitivity 
of the IsoFlux system compared to other platforms, 
particularly in isolating CTCs with a lower expression of 
EpCAM[14-16]. Our results confirm, in the largest cohort 

of patients reported to date, that a high CTC count (> 
17) in cryopreserved specimen was an independent 
prognostic factor associated with poorer OS (HR = 
3.7). As expected from the minimal CTC loss during 
cryopreservation, these data indicate that indeed 
our method is suitable for delayed and centralised 
CTC analysis which could help recruiting patients for 
major clinical trials. In this setting it would be advanta
geous compared to fixation of blood which allows 
CTC processing delayed by only several days rather 
than long term biobanking. We are currently testing if 
cryopreservation is also able to overcome limitations 
associated with using fixative for molecular down-
stream analysis of CTCs that involves nucleic acid 
extraction[4,5].

In conclusion, we have tested a robust PBMC cryopre
servation protocol that allows successful CTC isolation 
even 2 years post freezing. Cryopreservation of CTCs is 
feasible, with a small loss of tumor cells predominantly 
in samples with a high CTC load. Enumeration of CTCs 
from cryopreserved samples remained a clinically im
portant prognostic biomarker. Cryopreservation may 
assist with the wider incorporation of CTC collection 
and analysis in biobanking, retrospective studies, and 
large international clinical trials, by facilitating specimen 
storage, bulk transporting, and batch processing. It 
may also help to develop diagnostic settings that can 
service even remote patients with diagnostic CTC data 
potentially relevant for their disease management.

ARTICLE HIGHLIGHTS
Research background
A persisting challenge to the field of circulating tumor cell (CTC) research is the 
requirement for prompt analysis of samples at specialised centres. This has 
presented significant logistical challenges to researchers, compounded by the 
significant expertise, time and laboratory resources required for CTC analysis.

Research motivation
Current methods to overcome this issue, such as fixation of blood samples, 
extend the time for CTC processing for several days, but may interfere with 
downstream molecular analyses.

Cryopreservation of patient samples permits the wider incorporation of 
CTC collection and analysis in biobanking, retrospective studies, and large 
international clinical trials, by facilitating specimen storage, bulk transporting, 
and batch processing. However, up to now, there has been little research in 
how cryopreservation affects CTC recovery, and whether cryopreservation 
retains predictive value of CTCs.

Research objectives
The primary objective of our study was to investigate the feasibility and reliability 
of delayed CTC isolation from cryopreserved peripheral blood mononuclear 
cells (PBMCs) layer. This was determined by percentage of CTC loss during 
cryopreservation and thawing, and clinical validity of CTC enumeration from 
cryopreserved samples. 

Research methods
CTCs were isolated from 7.5 mL blood samples collected from patients with 
gastroesophageal adenocarcinoma using EpCAM based immunomagnetic 
capture with the IsoFlux platform. CTC loss with cryopreservation was 
determined by comparing CTC enumeration from matched cryopreserved 
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and freshly processed blood samples collected during the same blood draw. 
CTCs isolated from pre-treatment cryopreserved PBMCs were examined for 
association with clinicopathological variables and survival outcomes. 

Research results
We found a minor loss of tumor cells in matched cryopreserved and freshly 
processed samples, mostly in samples with high CTC counts. A high CTC 
count isolated from cryopreserved PBMCs remained a statistically significant 
independent prognostic factor in gastroesophageal cancer.  

Research conclusions
Our study demonstrates a feasible and robust protocol facilitating CTC isolation 
from cryopreserved PBMCs even after 2 years post freezing. Our results have 
immediate applicability in the design and conduct of translational studies, 
as it facilitates incorporation of CTC analysis in large international trials and 
biobanking projects. 

Research perspectives
There is an increasing variety of techniques used for CTC isolation described 
in the literature. While the current work confirms the reliability of CTC isolation 
from cryopreserved samples using immunomagnetic separation, further work 
needs to be undertaken to confirm its suitability for other isolation approaches.   
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Abstract
AIM
To investigate the effect of metformin on activated 
hepatic stellate cells (HSCs) and the possible signaling 
pathways involved. 

METHODS
A fibrotic mouse model was generated by intra
peritoneal injection of carbon tetrachloride (CCl4) and 
subsequent treatment with or without metformin. The 
level of fibrosis was detected by hematoxylin-eosin 
staining, Sirius Red staining, and immunohistochemistry. 
The HSC cell line LX-2 was used for in vitro  studies. The 
effect of metformin on cell proliferation (CCK8 assay), 
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motility (scratch test and Transwell assay), contraction 
(collagen gel contraction assay), extracellular matrix 
(ECM) secretion (Western blot), and angiogenesis (ELISA 
and tube formation assay) was investigated. We also 
analyzed the possible signaling pathways involved by 
Western blot analysis.

RESULTS
Mice developed marked liver fibrosis after intraperito
neal injection with CCl4 for 6 wk. Metformin decreased 
the activation of HSCs, reduced the deposition of 
ECM, and inhibited angiogenesis in CCl4-treated mice. 
Platelet-derived growth factor (PDGF) promoted the 
fibrogenic response of HSCs in vitro , while metformin 
inhibited the activation, proliferation, migration, and 
contraction of HSCs, and reduced the secretion of 
ECM. Metformin decreased the expression of vascular 
endothelial growth factor (VEGF) in HSCs through 
inhibition of hypoxia inducible factor (HIF)-1α in both 
PDGF-BB treatment and hypoxic conditions, and it 
down-regulated VEGF secretion by HSCs and inhibited 
HSC-based angiogenesis in hypoxic conditions in vitro . 
The inhibitory effects of metformin on activated HSCs 
were mediated by inhibiting the Akt/mammalian target 
of rapamycin (mTOR) and extracellular signal-regulated 
kinase (ERK) pathways via  the activation of adenosine 
monophosphate-activated protein kinase (AMPK).

CONCLUSION
Metformin attenuates the fibrogenic response of HSCs 
in vivo  and in vitro , and may therefore be useful for the 
treatment of chronic liver diseases. 

Key words: hepatic stellate cell; intrahepatic vascular 
resistance; angiogenesis; contraction; liver fibrosis; 
adenosine monophosphate-activated protein kinase

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Activation of hepatic stellate cells (HSCs) 
contributes to liver fibrosis and portal hypertension. 
In this study, we examined the effect of metformin on 
activated HSCs in vivo  and in vitro . Metformin decreased 
the activation of HSCs, reduced the deposition of 
extracellular matrix (ECM), and inhibited angiogenesis 
in CCl4-treated mice. Moreover, metformin inhibited 
the activation, proliferation, motility, and contraction 
of activated HSCs, reduced the secretion of ECM, and 
decreased HSC-based angiogenesis, thus providing 
a new therapeutic approach to the treatment of liver 
fibrosis and portal hypertension.

Li Z, Ding Q, Ling LP, Wu Y, Meng DX, Li X, Zhang CQ. 
Metformin attenuates motility, contraction, and fibrogenic 
response of hepatic stellate cells in vivo and in vitro by activating 
AMP-activated protein kinase. World J Gastroenterol 2018; 
24(7): 819-832  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i7/819.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.819

INTRODUCTION
Liver fibrosis is a common pathological condition resul­
ting from chronic liver injury stemming from a variety 
of etiological factors. Hepatic stellate cells (HSCs) play 
a key role in the progression of liver fibrosis, and are 
thought to be its primary effector cells[1]. In chronic 
liver diseases (CLDs), quiescent HSCs are activated 
and change to myofibroblast-like cells, which are 
proliferative, contractile, and secrete increased levels 
of more extracellular matrix (ECM)[2]. Angiogenesis 
is widely noted in CLDs, and influences liver fibrosis 
and portal hypertension (PHT)[3]. HSCs are liver-
specific pericytes that participate in angiogenesis and 
sinusoidal remodeling. The primary pathological feature 
of sinusoidal remodeling is sinusoidal capillarization and 
coverage of the vessels with contractile HSCs[4]. HSCs 
reduce the diameter of sinusoids after contraction, 
causing a functional change in modulating the hepatic 
tone and increasing intrahepatic vascular resistance 
(IHVR), ultimately contributing to PHT[5]. HSCs occupy 
a crossroad at the intersection between inflammation, 
angiogenesis, and fibrosis[6], and activation of HSCs is a 
key event mediating increased IHVR[7]. Thus, activated 
HSCs are a potent therapeutic target for the treatment 
of CLDs.

Metformin is the first-line drug recommended 
for the treatment of diabetes. Previous studies have 
demonstrated that metformin has a wide range of 
pharmacological activities beyond its antidiabetic 
effects. The beneficial effects of metformin in hepatic 
disorders have been previously confirmed for reducing 
fibrosis[8,9], IHVR, and therefore PHT in cirrhosis[10], and 
decreasing hepatocellular carcinoma risk[11]. Metformin 
is a potent therapeutic approach for CLDs, but the 
mechanisms underlying its effects are still unclear, 
especially in the treatment of PHT. Further studies are 
needed to investigate the effect of metformin in CLDs. 

Platelet-derived growth factor (PDGF) signaling is 
among the most well characterized pathways of HSC 
activation. It induces activation of the extracellular 
signal-regulated kinase (ERK) and the Akt/mammalian 
target of rapamycin (mTOR) pathways, which are 
associated with cellular proliferation and migration[12]. 
Studies have also linked ERK and mTOR signaling to 
vascular endothelial gowth factor (VEGF) expression 
during angiogenesis[13,14]. Activation of adenosine 
monophosphate-activated protein kinase (AMPK) inhibits 
the proliferation and migration of HSCs induced by 
PDGF, and this effect is related to the inhibition of 
the Akt and ERK pathways[15]. Metformin is known 
to activate AMPK, therefore, we speculated that met­
formin may regulate the fibrogenic response of HSCs 
and have an anti-angiogenic effect.

In the present study, we investigated the effect of 
metformin on activated HSCs. The inhibitory effects 
of metformin on the activation, proliferation, motility, 
contraction, and ECM secretion of HSCs and HSC-based 
angiogenesis were evaluated. We also investigated the 
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underlying mechanisms, with a focus on AMPK and the 
downstream AKT/mTOR and ERK signaling pathways.

MATERIALS AND METHODS
Animals
Thirty male C57BL/6 mice weighing 20-22 g were 
purchased from the Central Animal Care Facility of 
Shandong University and randomly divided into three  
groups (a control group, a CCl4 group, and a metformin 
group, n = 10 in each group). The animals were housed 
in an air‑conditioned room at 23‑25 ℃ with a light/dark 
(12 h:12 h) cycle for one week prior to the initiation of 
the experiment. All animals received appropriate care 
during the study, with free access to chow and water. 
The liver fibrosis model was induced by intraperitoneal 
injection of carbon tetrachloride (CCl4, 1 µl/g, 
Sinopharm, Beijing, China) dissolved 1:1 (v/v) in olive 
oil twice per week, while the control mice were injected 
with olive oil alone. Mice in the metformin group were 
treated with metformin (Sigma-Aldrich, Saint Louis, MO, 
United States) in drinking water (1 g/L) at the same 
time. All mice were sacrificed at the end of 6 wk. A 
portion of liver tissue was fixed in 4% paraformaldehyde 
and then embedded in paraffin. The other liver tissues 
were stored at -80 ℃.

Cell culture
The HSC cell line LX-2 (a kind gift from Professor Wei-fen 
Xie, Changzheng Hospital, the Second Military Medical 
University) and human umbilical vascular endothelial 
cells (HUVECs, ATCC, Manassas, VA, United States) 
were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Gibco, Grand Island, NY, United States) supple­
mented with 10% fetal bovine serum (FBS; Gibco) in an 
incubator at 37 ℃ with 5% CO2 and 90% humidity. 

CCK-8 assay
First, 5 × 103 LX-2 cells were seeded in 96-well plates 
and incubated overnight, and then the medium was 
changed to fresh medium containing different concen­
trations of metformin. After incubation for 24 h, 10 µl 
of CCK-8 (Dojindo, Japan) was added to each well. The 
optical density (OD) values were measured every 30 
min with a spectrophotometer (Thermo Fisher, Finland) 
at 450 nm. The OD values at 2 h were chosen for 
analysis.

Migration and invasion assay
A scratch test was used for HSC migration assay. Cells 
(5 × 105) were seeded in 6-well plates, incubated 
overnight to cover the full plate, and then serum-
starved for 8 h. After making scratch wounds, plates 
were washed three times with PBS. Cells were treated 
with or without 10 ng/ml PDGF-BB (PeproTech, Rocky 
Hill, NJ, United States) for 24 h. Different concentrations 
of metformin were added to the medium 2 h before 

the PDGF-BB addition. Images were acquired at 0 and 
24 h. The Transwell (8 µm pore size, Costar) assay 
was used to test the invasive ability of HSCs. HSCs 
were serum-free for 6 h and then harvested. Cells (1 
× 105) in 100 µl serum-free medium were seeded in 
the upper chambers with the Matrigel (BD Bioscience, 
Bedford, MA, United States) membrane and different 
concentrations of metformin, and the lower chambers 
were loaded with DMEM with or without 10% FBS. After 
incubation for 24 h, cells that migrated through the 
membrane were fixed and stained with hematoxylin. 
Cell numbers were counted under a microscope (Olympus, 
Japan).

Collagen gel contraction assay
Rat tail tendon collagen type Ⅰ was obtained from 
Sybio (Hangzhou, China). The collagen gel was 
prepared in 24-well plates. We used 0.1 mol/L NaOH 
to adjust the pH and 10 × PBS to adjust the solution 
to physiological strength. The mixed solution (500 µL) 
was added to each plate and incubated at 37 ℃ for 1 
h to allow gelatinization. LX-2 cells (1 × 105) in 1000 
µL of medium were seeded on the gel and incubated 
overnight. Cells were starved for 8 h in DMEM, and then 
the DMEM was replaced with fresh medium with 1% 
FBS and different concentrations of metformin. PDGF-
BB (10 ng/mL) was added to the medium, except in the 
control group, 2 h after metformin addition. The tip of a 
200 µl pipette was used to gently detach the gel from 
the plates. After incubation for 24 h, the areas of the 
gels were measured. 

Enzyme-linked immunosorbent assay
First, 4 × 105 LX-2 cells were seeded in 6-well plates 
and incubated overnight. Cells were starved in DMEM 
for 8 h. The DMEM was changed to 1 mL of fresh 
medium with 1% FBS and different concentrations of 
metformin. Cobalt (Ⅱ) chloride hexahydrate (CoCl2· 
6H2O, 150 µmol/L, Sigma-Aldrich, Saint Louis, MO, 
United States) was added to the medium, except for 
the control group, 2 h after metformin addition. After 
12 h of incubation, the supernatant was collected 
and centrifuged at 1000 rpm for 4 min. VEGF was 
measured with an ELISA kit (Boster, Wuhan, China). 
The ELISA protocol was performed according to the 
manufacturer’s instructions.

Tube formation assay
A 96-well plate was coated with 50 µl of Matrigel, and 
then placed in an incubator at 37 ℃ for 1 h. Cells were 
treated in the same way as in the ELISA assay, and 
the supernatant was collected. Conditioned medium 
was generated from supernatant diluted 4:1 (v/v) in 
DMEM with 10% FBS. HUVECs were harvested and 
suspended in the conditioned medium. HUVECs (2 × 
104) in 100 µl of conditioned medium were seeded in 
96-well plates and incubated at 37 ℃. The cells were 
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States). The primers used in this study are presented 
in Table 1. Expression of target genes was normalized 
to expression of GAPDH by the 2-ΔCT method.

Histopathological and immunohistochemical analyses
Liver specimens embedded in paraffin were cut into 4 
µm-thick sections. The specimens were stained with 
hematoxylin and eosin and Sirius Red. Immunohi­
stochemistry (IHC) was performed using a 2-step plus 
Poly-HRP Anti-Mouse/Rabbit IgG Detection system 
(Zhongshan Golden Bridge, Beijing, China), according to 
the manufacturer’s instructions. Sections were incubated 
with antibodies against α-SMA, fibronectin, and VEGF, 
and the blots were developed with a DAB kit (Zhongshan 
Golden Bridge, Beijing, China).

Statistical analysis
All data are presented as the mean ± SEM from at least 
three independent experiments. Statistics were analyzed 
using GraphPad Prism 5.0 and SPSS19.0 software. 
Statistical significance was determined by one-way 
analysis of variance (ANOVA) followed by Dunnett’s test. 
A p-value < 0.05 was considered statistically significant.

RESULTS
Metformin decreases the activation of HSCs, reduces 
the deposition of ECM, and inhibits angiogenesis in 
CCl4-treated mice
Liver specimens from mice exposed to CCl4 showed 
hepatocellular degeneration with excessive accumulation 
of connective tissue, the formation of fibrotic septa, 
and infiltration of inflammatory cells. Metformin treat­
ment attenuated the fibrotic level of the fibrotic tissue, 
the appearance of degenerated hepatocytes, and 
inflammatory cell infiltration (Figure 1A). Increased 
collagen deposition was observed in CCl4-induced 
fibrotic mice, which could be suppressed by metformin 
(Figure 1B). A similar effect of metformin on fibronectin 
was seen in IHC (Figure 1D). As shown in Figure 1E, 
fibrotic mice expressed more VEGF, indicating more 
intrahepatic angiogenesis than the control group. 
Treatment with metformin significantly suppressed 
expression of VEGF.    

Mice exposed to CCl4 increased α-SMA at both the 
protein and mRNA levels, while co-treatment with 
metformin reduced this effect (Figure 2A and B), 
which was also confirmed by IHC (Figure 1C). The 
CCl4-induced increase in collagen I mRNA expression 
was reduced by co-treatment with metformin. Taken 
together, metformin decreased the activation of 
HSCs, reduced the deposition of ECM, and inhibited 
angiogenesis in CCl4-treated mice. Therefore, metformin 
attenuated CCl4-induced liver fibrosis in mice. 

Metformin inhibits the proliferation of activated HSCs
HSCs were treated with different concentrations 

monitored every 2 h for 12 h under a microscope. 
Images of the tube formation were acquired at 8 h.

Western blot analysis
Total protein was extracted with RIPA buffer, and 
the protein concentration was measured by the 
bicinchoninic acid method. Equal amounts of proteins 
were loaded and separated by SDS-PAGE, and then 
transferred onto a PVDF membrane. The membrane 
was blocked in TBST buffer with 5% non-fat milk for 1 
h and incubated with different antibodies overnight at 
4 ℃. Primary antibodies against α-SMA (14395-1-AP), 
fibronectin (66042-1-IG), and collagen type Ⅰ (14695-
1-AP) were obtained from Proteintech (Wuhan, China). 
Primary antibodies against p-ERK1/2 (#4376), p-Akt 
(#4060), p-AMPK (#2535), p-mTOR (#5536), ERK1/2 
(#4695), Akt (#4691), AMPK (#5832), and mTOR 
(#2983) were obtained from CST (Boston, MA, United 
States). Primary antibody against VEGF (ab46154) 
was obtained from Abcam (Cambridge, CA, United 
States). Primary antibody against HIF-1α (NB100-105) 
was obtained from Novus (Littleton, CO, United 
States). Primary antibody against glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) and horseradish 
peroxidase (HRP)-conjugated secondary antibody 
were obtained from Zhongshan Golden Bridge (Beijing, 
China). The HRP-conjugated secondary antibodies were 
goat anti-rabbit or anti-mouse antibody depending on 
the primary antibodies. AICAR (an AMPK activator) and 
rapamycin (an mTOR inhibitor) were obtained from 
Selleck (Houston, TX, United States). PD98059 (an 
ERK inhibitor) and LY294002 (an AKT inhibitor) were 
obtained from MCE (Monmouth Junction, NJ, United 
States). Antibody bands were detected by enhanced 
chemiluminescence with Amersham Imager 600 
(GE Healthcare, United States). GAPDH in the same 
membrane was used as an internal control, and all 
bands were normalized to its expression.

Reverse transcription-polymerase chain reaction
Total RNA was extracted with TRIzol reagent (Takara, 
Japan) from frozen liver tissues and was reverse-
transcribed to cDNA using an RT reagent kit (Takara, 
Japan). Amplifications were detected using a the SYBR 
Premix Ex Taq kit (Takara, Japan) on a LightCycler 
480 Real-Time PCR system (Roche Diagnostics, United 

Primer (Mouse) Sequence (5’-3’)

GAPDH F AAATGGTGAAGGTCGGTGTGAAC
GAPDH R CAACAATCTCCACTTTGCCACTG
α -SMA F GACAATGGCTCTGGGCTCTGTA
α -SMA R TTTGGCCCATTCCAACCATTA
COL1A1 F GACATGTTCAGCTTTGTGGACCTC
COL1A1 R GGGACCCTTAGGCCATTGTGTA

α-SMA: alpha-smooth muscle actin; COL1A1: collagen type 1 alpha 1.

Table 1  The primers used for RT-PCR analysis
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Figure 1  Effect of metformin in CCl4-induced fibrotic mice. A fibrotic mouse model was induced by intraperitoneal injection of CCl4 (1 µl/g) dissolved in olive oil 
(CCl4:olive oil = 1:1, v/v) twice per week for 6 weeks. A and B: Histological changes were assessed by hematoxylin-eosin (H-E) staining and Sirius Red (S-R) staining 
(100 × magnification); C-E: Expression levels of α-SMA, fibronectin, and VEGF in the liver tissues were measured by immunohistochemistry (100 × magnification). 
Sirius Red staining was analyzed with ImageJ and immunohistochemical staining was analyzed with Image-Pro Plus 6.0. (Scale bar = 200 µm, n = 5, bP < 0.01 vs the 
control group, dP < 0.01 vs the CCl4 group).
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Figure 2  Effect of metformin on the activation, proliferation, and extracellular matrix secretion of hepatic stellate cells. A: Measurement of α-SMA levels in 
murine liver tissues by Western blot; B: Measurement of hepatic α-SMA and collagen type Ⅰ mRNA expression levels by quantitative real-time PCR (n = 5, bP < 0.01 
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10 mmol/L) on the expression levels of α-SMA, collagen type Ⅰ, and fibronectin (FN) were measured by Western blot (aP < 0.05 vs the control group, cP < 0.05 and 
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proliferation was measured by CCK-8 assays. HSCs: hepatic stellate cells.
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(1 mmol/L to 100 mmol/L) of metformin for 24 h 
(Figure 2E). The proliferation of HSCs was inhibited by 
metformin in a dose-dependent manner, and the IC50 
was 50.01 mmol/L.

Metformin suppresses the activation of HSCs and 
decreases the expression of ECM in vitro
The protein levels of α-SMA, collagen type Ⅰ, and 
fibronectin were measured by Western blot (Figure 
2C and D). PDGF-BB up-regulated the expression of 
α-SMA, while treatment with metformin at 5 mmol/L and 
10 mmol/L suppressed this increase, from 113.5% ± 
4.66% to 84.87% ± 6.63% and 58.79% ± 12.64%, 
respectively (P < 0.05). Collagen type I and fibronectin 
are the major components of the ECM, and HSCs 
expressed increased levels of these protein after co-
incubation with PDGF-BB. Metformin decreased the 
protein levels at doses of 2, 5, and 10 mmol/L. These 
results indicated that metformin suppressed the 
activation of HSCs and the secretion of ECM in vitro.

Metformin decreases the migration and invasion of 
HSCs
The migration rate of HSCs was significantly increased 
by PDGF-BB treatment compared with that of the 
control group (26.38% ± 2.98% to 48.05% ± 3.67%, 
P < 0.01). Treatment with metformin at 5 mmol/L and 
10 mmol/L reduced PDGF-BB-induced migration, from 
48.05% ± 3.67% to 21.67% ± 2.73% and 14.99% 
± 0.25% (P < 0.01), respectively (Figure 3A and C). 
As shown in Figure 3B, cells that migrated through the 
matrigel membrane decreased from 1352% ± 62.87% 
to 748.0% ± 76.18%, 453.0% ± 4.58%, and 190.0% 
± 14.73% (P < 0.01) compared with the control group 
when treated with metformin at 1, 5, and 10 mmol/L, 
respectively (Figure 3D). These findings indicated that 
metformin decreased the motility of HSCs.

Metformin inhibits the contraction of HSCs
We assessed the inhibitory effect of metformin on 
the contractility of HSCs by collagen gel contraction 
assay. PDGF-BB caused a significant increase in cell 
contractility, while co-culture with metformin neut­
ralized these effects (Figure 4A and C). PDGF-BB 
treatment enhanced the contraction rate of HSCs from 
47.43% ± 2.13% to 70.25% ± 1.35% (P < 0.01), 
while treatment with metformin at 1, 5, and 10 mmol/L 
attenuated the contraction rate to 49.70% ± 6.59% (P 
< 0.05), 44.73% ± 4.65%, and 42.26% ± 3.28% (P 
< 0.01), respectively.

Metformin decreases the expression of VEGF in HSCs 
through inhibition of HIF-1α in both PDGF-BB and 
hypoxic conditions
CoCl2· 6H2O (150 µmol/L) was added to the medium 
to mimic hypoxic conditions[16,17]. HSCs expressed 
more VEGF when incubated with PDGF-BB or CoCl2 
compared with the control group, and this effect was 

associated with an increased level of HIF-1α (Figure 
5A and B). Metformin decreased the level of HIF-1α 
and further reduced the expression of VEGF in HSCs. 
Treatment with metformin at 5 and 10 mmol/L had an 
inhibitory effect on VEGF expression in both PDGF-BB 
and hypoxic conditions.

Metformin down-regulates VEGF secretion by HSCs and 
inhibits angiogenesis in hypoxic conditions in vitro
The VEGF protein level in the supernatant was increased 
from 148.96 ± 50.62 pg/ml to 343.52 ± 25.91 pg/ml 
(P < 0.01) when CoCl2 (150 µmol/L) was added to the 
medium, but co-culture with metformin at 5 mmol/L 
and 10 mmol/L decreased VEGF levels to 254.40 ± 
16.91 pg/mL and 229.04 ± 1.62 pg/mL, respectively 
(P < 0.01) (Figure 5C). Tube formation of HUVECs 
on Matrigel can be used to analyze angiogenesis in 
vitro. HUVECs were cultured in conditioned medium 
on Matrigel-coated plates. The conditioned medium 
from CoCl2-treated HSCs significantly increased tube 
formation, while conditioned medium from HSCs co-
treated with CoCl2 and metformin decreased tube 
formation. AICAR mimicked the effect of metformin on 
tube formation (Figure 5D and E).

Metformin inhibits the fibrogenic response of HSCs 
through inhibition of the Akt/mTOR and ERK pathways 
via the activation of AMPK
Metformin increased the phosphorylation of AMPK in a 
dose-dependent manner (Figure 6C). After stimulation 
with PDGF-BB, the levels of p-Akt, p-mTOR, and 
p-ERK were significantly increased compared with 
those of the control group, while co-treatment with 
metformin decreased these effects (Figure 6A and E). 
The Akt/mTOR and ERK pathways are associated with 
cell proliferation, migration, and phenotypic change in 
HSCs. To further confirm these effects, we used various  
indicated inhibitors to treat HSCs (Figure 7A and C). 
LY294002 (an Akt inhibitor, 20 µmol/L) and rapamycin 
(an mTOR inhibitor, 100 nmol/L) inhibited the activation 
of HSCs, decreased ECM secretion, and reduced the 
expression of HIF-1α and VEGF. Moreover, LY294002 
inhibited the contraction of HSCs (Figure 4B and D). 
PD98059 (an ERK inhibitor, 10 µmol/L) had a similar 
effect as LY294002, except that it could not decrease 
the secretion of collagen type I. Additionally, AICAR 
(500 µmol/L), another AMPK activator, mimicked the 
effect of metformin. In conclusion, PDGF-BB increased 
the fibrogenic response of HSCs through activating 
the downstream Akt/mTOR and ERK pathways, while 
metformin inhibited these effects via activation of AMPK. 

Metformin decreases VEGF expression by activated 
HSCs by down-regulating the mTOR/HIF-1α and ERK/
HIF-1α pathways under hypoxic conditions
The levels of p-mTOR and p-ERK were significantly 
increased when compared with the control group under 
hypoxic conditions, while no change was found in the 
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phosphorylation of Akt (Figure 6B and D). Metformin 
increased the phosphorylation of AMPK and inhibited 
the activation of p-mTOR and p-ERK. PD98059 and 
rapamycin decreased the expression of HIF-1α and 
VEGF. LY294002 inhibited the activation of p-Akt and 
the downstream p-mTOR, which therefore decreased 
the expression of HIF-1α and VEGF. AICAR had a 
similar effect as metformin under these conditions 
(Figure 7D and F). These results indicated that 
metformin decreased VEGF expression by activated 
HSCs by down-regulating the mTOR/HIF-1α and ERK/
HIF-1α signaling pathways under hypoxic conditions.

DISCUSSION
The prime determinant of PHT is increased IHVR, 
which is thought to be generated by the following 

two factors: structural (distortion of the liver vascular 
architecture caused by fibrosis, scarring, and nodule 
formation) and functional (hepatic sinusoidal cellular 
alterations that promote constriction of the hepatic 
sinusoids) components[18]. Research has shown that 
activation of HSCs is a key event mediating augmented 
IHVR[7]. We designed this study to investigate the 
role of metformin in activated HSCs. We found that 
metformin could attenuate the fibrogenic response of 
HSCs and decrease IHVR. Our research indicated that 
metformin treatment may be a potent therapeutic 
approach to treating liver fibrosis and PHT.

First, we used a fibrotic mouse model to determine 
whether metformin had effects on liver fibrosis. Mice 
injected with CCl4 for 6 wk developed marked fibrosis 
compared with the control group, while co-treatment 
with metformin attenuated histopathologic features 
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Figure 3  Effect of metformin on hepatic stellate cell migration and invasion. Scratch tests were used to determine cell migration, and Transwell assays were 
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of fibrosis. α-SMA, a marker of HSC activation, was 
inhibited by metformin at both the protein and mRNA 
levels. Sirius Red staining showed that collagen 
deposition was also decreased, as well as the mRNA 
level of collagen type Ⅰ. Moreover, VEGF expression 
was up-regulated in fibrotic mice, which was decreased 
by metformin treatment. Therefore, metformin could 
alleviate the progression of liver fibrosis in fibrotic mice. 
A recent study also showed that metformin mitigated 
CCl4-induced liver fibrosis in mice. The anti-fibrogenic 
response was reported to primarily involve suppression 
of ECM deposition, and this effect might have resulted 
from suppressed TGF-b1/Smad3 signaling[8]; this 
was supported by a previous in vitro study[9]. In our 
study, we found that metformin could also inhibit the 
angiogenesis in liver fibrosis, indicating that metformin 
may attenuate liver fibrosis in other ways. The PDGF 
signaling pathway is among the most well character­

ized pathways involved in HSC activation; PDGF-
BB is the most potent stimulator of HSC growth and 
intracellular signaling[1], and blocking of PDGF signaling 
ameliorates experimental liver fibrogenesis[19]. As 
described above, we speculated that metformin could 
regulate the fibrogenic response of HSCs and have an 
anti-angiogenic effect via PDGF and its downstream 
pathways. Therefore, we performed an in vitro study 
to further explain the effect of metformin on activated 
HSCs and investigate the possible signaling pathways 
involved. 

We used PDGF-BB to stimulate HSCs in vitro. 
PDGF-BB up-regulated the expression of α-SMA, as 
well as type Ⅰ collagen and fibronectin, in HSCs, while 
these protein levels were decreased when treated with 
metformin. These results are in agreement with our 
animal experiments. Caligiuri showed that activation 
of AMPK modulated the activated phenotype change 
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of HSCs caused by PDGF-BB[15]. In this study, PDGF 
induced activation of the downstream molecules ERK 
and Akt/mTOR in activated HSCs, which are associated 
with cellular proliferation, migration, and phenotype 
changes. Metformin inhibited the activation of ERK 

and Akt/mTOR by activating AMPK. To further analyze 
the role of the signaling pathways, we used various 
indicated inhibitors to determine whether the signaling 
pathways could affect activated HSCs. LY294002 
and rapamycin inhibited the expression of α-SMA, 
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collagen Ⅰ, and fibronectin. PD98059 had a similar 
effect, except for the expression of collagen type Ⅰ. 
Furthermore, AICAR, another AMPK activator, could 
imitate the effect of metformin on activated HSCs. 
Metformin inhibited activation and ECM secretion of 
HSCs. This effect was mediated by the activation of 
AMPK, thereby inhibiting the activation of ERK and 
Akt/mTOR by PDGF-BB.

In liver cirrhosis, an imbalance between vasocon­
strictors and vasodilators makes HSCs more contractile, 
which increases IHVR and aggravates PHT. Metformin 

has been reported to attenuate contractile responses in 
rat aortas[20], and to reduce pulmonary artery contraction 
in pulmonary arterial hypertension[21]. Therefore, we 
used a collagen gel contraction assay to evaluate the 
effect of metformin on the contraction of HSCs. Our 
results showed that metformin inhibited the contraction 
of HSCs caused by PDGF-BB. The RhoA/Rock pathway 
is the contractile pathway in vascular smooth muscle 
that is also expressed in HSCs[22]. Sorafenib can down-
regulate Rho kinase by inhibiting the ERK pathway in 
secondary biliary cirrhotic rats and further reduce portal 
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pressure[23]. Metformin can decrease the activation of 
ERK caused by PDGF-BB; therefore, we speculated that 
the inhibitory effect of metformin on the contraction 
of HSCs were due in part to the inhibition of the ERK 
pathway. To confirm this effect, we used PD98059 
to treat HSCs stimulated with PDGF-BB. PD98059 
inhibited the contraction of HSCs, as expected. There 
have also been studies that linked the inhibition of the 
Akt pathway to attenuation of contraction[24,25], and this 
effect may be associated with the Akt/L-type calcium 
channel and the Akt/RhoA/Rho kinase pathways[26,27]. 
In our research, LY294002 could also inhibit the 
contraction of HSCs, indicating that the Akt pathway 
was also involved in modulating the contraction of HSCs. 

In addition, AICAR had a similar effect to metformin on 
the contraction of HSCs. Thus, metformin inhibits the 
contraction of activated HSCs, which can decrease IHVR 
and lower portal pressure. 

PDGF can promote HSCs to develop an angiogenic 
phenotype via modulating HSC-based vascular tube 
formation and increasing coverage of sinusoids, with 
resulting effects on vascular permeability, vessel 
mutation, and portal pressure regulation[6,28]. Activated 
HSC recruitment to liver sinusoidal epithelial cells is an 
important step in sinusoidal remodeling, and PDGF may 
be the most important growth factor in this process[29]. 
In our study, metformin decreased the motility of HSCs. 
Moreover, metformin decreased the level of VEGF 
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secreted by HSCs, and inhibited angiogenesis in vitro. 
Taken together, we showed that metformin could inhibit 
the angiogenic properties of HSCs.

VEGF plays a predominant role in the initial stages 
of angiogenesis[3]. Reports have shown that PDGF can 
increase the HIF-1α and VEGF protein levels in activated 
HSCs[30]. PDGF can also stimulate VEGF expression and 
HSC-driven vascularization through signals mediated 
by ERK and mTOR[31]. In our study, the AKT/mTOR 
and ERK pathways were up-regulated by PDGF and 
caused increased levels of HIF-1α and VEGF in HSCs. 
The activation of AMPK by metformin decreased the 
up-regulation of VEGF by PDGF. This result was partly 
in agreement with the research by Zhang et al[32], who 
found that curcumin interrupted the PDGF-βR/ERK 
and mTOR pathways, leading to reductions in VEGF 
expression in HSCs. As hypoxia is the most potent 
stimulus for VEGF expression, we further used CoCl2 to 
mimic a hypoxic environment. Hypoxia stabilized HIF-
1α and up-regulated the expression of VEGF in our 
study. The protein level of VEGF in the HSCs and the 
medium was significantly higher than that in the control 
group, and the phosphorylation of ERK and mTOR was 
also increased. Co-treatment with the AMPK activator 
metformin inhibited the increase of HIF-1α, VEGF, and 
the activation of ERK and mTOR. In addition, AICAR, 
LY294002, PD98059, and rapamycin could also inhibit 
the expression of HIF-1α and VEGF. These results 
indicated that metformin could decrease the VEGF levels 
secreted by HSCs, and this effect was partly mediated 
by the ERK/HIF-1α and mTOR/HIF-1α pathways. Finally, 
we used tube formation assays to analyze angiogenesis 
in vitro. When HUVECs were cultured with conditioned 
medium from HSCs treated with metformin under 
hypoxic conditions, tube formation was less than that in 
medium without metformin. AICAR had a similar effect 
to metformin. Therefore, metformin could inhibit PDGF 
and hypoxia-induced VEGF expression in HSCs, thus 
decreasing HSC-based angiogenesis. These effects were 
mediated through the inhibition of the ERK/HIF-1α and  
mTOR/HIF-1α pathways by activation of AMPK.

In conclusion, metformin can inhibit the activation, 
proliferation, motility, and contraction of HSCs, redu­
ce the secretion of ECM, attenuate HSC angiogenic 
properties, and decrease HSC-based angiogenesis. 
Metformin has effects on both structural and functional 
components of IHVR, suggesting a novel therapeutic 
approach for the treatment of liver fibrosis and PHT.     

ARTICLE HIGHLIGHTS
Research background
Activation of hepatic stellate cells (HSCs) contributes to liver fibrosis and 
portal hypertension, and it is a therapeutic target for the treatment of chronic 
liver diseases (CLDs). Previous studies have demonstrated that metformin 
has a wide range of pharmacological activities beyond its antidiabetic effects. 
It may therefore represent a potent therapeutic approach to CLDs, but the 
mechanisms underlying its effects are still unclear.

Research motivation
This study was performed to investigate the effect of metformin on activated 
HSCs and clarify its molecular mechanisms. 

Research objectives
The inhibitory effects of metformin on the activation, proliferation, motility, 
contraction, extracellular matrix (ECM) secretion of HSCs and HSC-
based angiogenesis were evaluated. We also characterized its underlying 
mechanisms with a focus on AMPK and downstream AKT/mTOR and ERK 
signaling pathways.

Research methods
The effect of metformin on activated HSCs were investigated in vivo and in 
vitro. A fibrotic mouse model was treated with or without metformin, and the 
effect of metformin on liver fibrosis was evaluated. The HSC cell line LX-2 
was used for in vitro studies. The effect of metformin on cell proliferation was  
detected by CCK8 assay. Cell motility was measured by scratch tests and 
Transwell assays. Collagen gel contraction assays were performed to assess 
the effect of metformin on cell contraction. Expression of α-SMA, collagen type 
Ⅰ, and fibronectin was determined by Western blot analysis. We also analyzed 
the effect of metformin on HSC-based angiogenesis in both PDGF and hypoxic 
conditions. The phosphorylation levels of AMPK, AKT, mTOR, and ERK were 
measured by Western blot analysis. We also used the indicated pharmacologic 
inhibitors and agonists to confirm our findings. 

Research results
Metformin decreased the activation of HSCs, reduced the deposition of ECM, 
and inhibited angiogenesis in fibrotic mice. PDGF-BB promoted the fibrogenic 
response of HSCs, while metformin inhibited the activation, proliferation, 
migration, and contraction of HSCs, reduced their secretion of ECM, and 
decreased HSC-based angiogenesis. These inhibitory effects were mediated by 
inhibition of the Akt/mTOR and ERK pathways via the activation of AMPK.

Research conclusions
Metformin attenuates the fibrogenic response of HSCs in vivo and in vitro, and 
may therefore be useful for the treatment of chronic liver diseases.

Research perspective
This study investigated the inhibitory effect of metformin on activated HSCs and 
the possible signaling pathways involved. The results strongly confirmed the 
potential use of metformin for the treatment of CLDs. In future studies, we will 
provide more evidence for the use of metformin, especially in the treatment of 
portal hypertension. The effect of metformin on liver sinusoidal endothelial cells 
will also be analyzed.    
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Abstract
AIM
To evaluate whether fish oil (FO) can protect liver injury 
induced by intestinal ischemia/reperfusion (I/R) via  the 
AMPK/SIRT-1/autophagy pathway.

METHODS
Ischemia in Wistar rats was induced by superior 
mesenteric artery occlusion for 60 min and reperfusion 
for 240 min. One milliliter per day of FO emulsion or 
normal saline was administered by intraperitoneal 
injection for 5 consecutive days to each animal. Animals 
were sacrificed at the end of reperfusion. Blood and 
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tissue samples were collected for analyses. AMPK, 
SIRT-1, and Beclin-1 expression was determined in 
lipopolysaccharide (LPS)-stimulated HepG2 cells with or 
without FO emulsion treatment.

RESULTS
Intestinal I/R induced significant liver morphological 
changes and increased serum alanine aminotransferase 
and aspartate aminotransferase levels. Expression of 
p-AMPK/AMPK, SIRT-1, and autophagy markers was 
decreased whereas tumor necrosis factor-α (TNF-α) 
and malonaldehyde (MDA) were increased. FO emulsion 
blocked the changes of the above indicators effectively. 
Besides, in LPS-stimulated HepG2 cells, small interfering 
RNA (siRNA) targeting AMPK impaired the FO induced 
increase of p-AMPK, SIRT-1, and Beclin-1 and decrease 
of TNF-α and MDA. SIRT-1 siRNA impaired the increase 
of SIRT-1 and Beclin-1 and the decrease of TNF-α and 
MDA.

CONCLUSION
Our study indicates that FO may protect the liver 
against intestinal I/R induced injury through the AMPK/
SIRT-1/autophagy pathway.

Key words: fish oil; AMPK/SIRT1/autophagy; liver 
injury; intestinal ischemia/reperfusion

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Intestinal ischemia/reperfusion (I/R) injury 
is a remarkable problem in many clinical conditions. 
Increased evidence indicates AMPK/SIRT-1 pathway 
linked autophagy exhibits a protective effect in liver 
diseases. Fish oil (FO) emulsion improves outcomes in 
patients with parenteral nutrition associated liver injury. 
We aimed to evaluate whether FO can protect liver 
injury induced by intestinal I/R via  the AMPK/SIRT-1/
autophagy pathway. Our results indicate that FO may 
protect the liver against intestinal I/R induced injury 
through the AMPK/SIRT-1/autophagy pathway. To our 
knowledge, we maybe for the first time present that 
FO attenuated intestinal I/R induced liver injury by 
inducing autophagy both in vivo  and in vitro  through 
the AMPK/SIRT-1 signaling pathway.

Jing HR, Luo FW, Liu XM, Tian XF, Zhou Y. Fish oil alleviates 
liver injury induced by intestinal ischemia/reperfusion via 
AMPK/SIRT-1/autophagy pathway. World J Gastroenterol 
2018; 24(7): 833-843  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i7/833.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.833

INTRODUCTION
Ischemia-reperfusion (I/R) injury of the intestine is 

a remarkable problem in many clinical conditions. 
Patients who suffer from conditions including abdominal 
aortic aneurysm surgery, cardiopulmonary bypass, 
intestinal transplantation, necrotizing enterocolitis, 
strangulated hernias, collapse of systemic circulation, 
and hypovolemic and septic shock have a potential risk 
for intestinal I/R[1-3]. Intestinal I/R is associated with a 
high morbidity and mortality[4]. Despite intensive study 
efforts over the past decades, pharmacologic therapies 
for liver injury induced by intestinal I/R have remained 
ineffective and controversial[5]. Patients who underwent 
persistent intestinal ischemia are often accompanied 
with the complication of septic shock, which eventually 
induces multiorgan dysfunction syndrome (MODS) and 
death[6].

The liver is the first organ which is affected by 
intestinal I/R because of the washout of toxic sub
stances from the re-perfused intestine[7]. In addition, 
it is presumably due to the fact that the vasculature 
of the liver is associated with the intestine[8]. The gut-
liver axis with cytokine cascade may play an important 
role in the liver injury induced by intestinal I/R[9]. The 
pathophysiology of acute liver injury is unclear; however, 
the prominent neutrophil infiltration and other related 
injury models suggest that oxygen radical species and 
inflammatory cascade crosstalk in this pathogenesis, 
which eventually results in final liver failure and even 
MODS [6].

Autophagy is a regulated cellular pathway involved 
in the turnover of cytoplasmic organelles and proteins 
through a lysosome-dependent degradation process[10]. 
Recent studies indicated that autophagy deficiency 
promoted inflammatory reaction and oxidative stress[11,12], 
implicating a protective function. In addition, autophagy 
can be modulated by several pathways, the most crucial 
one of which is the adenosine 5’-monophosphate-
activated protein kinase/sirtuin 1 (AMPK/SIRT-1) 
pathway[13]. Increasing evidence indicates that AMPK/
SIRT-1 pathway linked autophagy plays a protective 
effect in various diseases including liver injury. Studies 
also reported that resveratrol, a kind of natural 
polyphenol, regulates autophagy by activating the 
AMPK/SIRT-1 signaling pathway in neuroblastoma and 
endothelial cells[14]. Furthermore, inducing autophagy by 
activating AMPK/SIRT-1 alleviates oxidized low-density 
lipoprotein (oxLDL)-induced human umbilical vein 
endothelial cell injury[15]. However, the role of the AMPK/
SIRT-1/autophagy pathway in intestinal I/R-challenged 
liver injury is still unknown.

Fish oil (FO), containing major ingredients as ω-3 
polyunsaturated fatty acids including eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA), has been 
widely used as a therapeutic intervention in critical 
care settings[16]. Parenteral FO improves outcomes 
in patients with parenteral nutrition associated-liver 
injury[17]. FO has been shown to be a potent activator of 
the AMPK/SIRT-1 pathway against lung injury induced 
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by intestinal I/R[16]. Herein, we hypothesized that FO 
could be an appropriate agent for intestinal I/R-induced 
liver injury via the AMPK/SIRT-1/autophagy pathway.

MATERIALS AND METHODS
Animals
Male Wistar rats weighing 180-220 g from the Animal 
Center of Dalian Medical University were used in this 
study, and maintained under standard laboratory 
conditions. All rats were fed standard laboratory food 
and water. Rats were housed in a barrier system at 25 ℃ 
with 12 h light-12 h dark cycles and acclimated for 1 wk 
before experimentation. All procedures were carried out 
in strict accordance with the recommendations in the 
Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The protocol was approved 
by the Committee on the Ethics of Animal Experiments 
of Dalian Medical University (Permit number: SCXK 
2008-0002). All surgery was performed under sodium 
pentobarbital anesthesia, and all efforts were made to 
minimize animal suffering.

Experimental design
Intestinal I/R was induced in rats according to a previ
ously standardized method[16]. Briefly, after a midline 
laparotomy was performed, the superior mesenteric 
artery was gently isolated and occluded with an at
raumatic microvascular clamp for 60 min and then 
followed by reperfusion for 240 min. When mesenteric 
pulsations ceased and the intestine became pale in color, 
occlusion was confirmed. And reperfusion was confirmed 
when the pusatile flow returned to the mesenteric artery 
and its branches. For sham operation, the superior 
mesenteric artery was only isolated without occlusion.

The rats were randomly divided into three groups 
(n = 8 each): (1) sham group; (2) I/R group; and 
(3) FO group. In the FO group, rats were pretreated 
intraperitoneally with 1 ml/d of FO emulsion (100 mL 
of FO emulsion contained 2.82 g of EPA and 3.09 g of 
DHA; Fresenius Kabi, Bad Homburg, Germany) for five 
consecutive days, and then surgery was performed 
as that in the I/R group. The same volume of normal 
saline was administered in the sham group and I/R 
group.

The dose of FO emulsion pretreatment was se
lected according to a previous study[16], and a pilot 
study has been performed. All animals were sacrificed 
at the end of reperfusion and tissue and blood samples 
were obtained for further analysis.

Intestinal and liver morphological assessment
Intestinal and liver tissues were fixed in 10% formalin, 
embedded in paraffin, cut into 4-μm sections, and 
stained with hematoxylin and eosin (H&E) for light 
microscopy. Scores of liver and intestine pathology 
were evaluated according to previous studies[7-9].

Measurement of serum aspartate aminotransferase, 
alanine aminotransferase, tumor necrosis factor-α, and 
liver malonaldehyde
Serum was obtained from blood samples by centrifu
gation (1000 g, 10 min, 4 ℃) and stored at -80 ℃ for 
assessment. Serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) levels were 
measured with an OLYMPUS AU1000 automatic analyzer 
(Aus Bio Laboratories Co., Ltd., Beijing, China). Serum 
tumor necrosis factor-α (TNF-α) was quantified using a 
rat enzyme-linked immunosorbent assay kit (BOSTER 
Bioengineering Co Ltd, Wuhan, China). Liver tissues 
were harvested and homogenized immediately on 
ice in five volumes of normal saline. Homogenates 
were centrifuged at 1200 g for 10 min. Liver malonal
dehyde (MDA) concentration in the supernatant was 
determined using an assay kit (Nanjing Jiancheng 
Corp., Nanjing, China), according to the manufacturer’
s recommendations. The activity of MDA is expressed in 
nmol/mg prot.

Cell culture and treatment
HepG2 cells were cultured in Dulbecco’s Modified Eagle’
s Medium (Gibco, CA, United States) supplemented 
with 10% fetal bovine serum. The cells were kept at 
37 ℃ in a humidified atmosphere with 5% CO2, 100 
units/mL of penicillin, and 10 μg/mL of streptomycin. 
Media were collected and centrifuged 48 h after 
treatment with lipopolysaccharide (LPS; 10 μg/ml, 
Sigma-Aldrich, United States) in the presence or 
absence of FO (50 mmol/L EPA/50 mmol/L DHA each 
mixture) and TNF-α was measured with a specific 
ELISA kit (Jiancheng, Nanjing, China) according to the 
manufacturer’s protocol.

The doses of FO and LPS pretreatment were 
selected according to previous studies[16,18], and a pilot 
study has been performed.

Western blot analysis of p-AMPK, SIRT-1, LC3 Ⅱ, 
Beclin-1, and P62 in liver tissue and hepG2 cells
For detecting p-AMPK, SIRT-1, LC3 Ⅱ, Beclin-1, and P62 
contents in liver tissue, 30 μg of protein was separated 
by 12% or 15% SDS-PAGE (Bio-Rad, Hercules, United 
States), and transferred to polyvinylidene difluoride 
membranes (Millipore, Bedford, United States). The 
membranes were then incubated with primary anti-p-
AMPK (Abcam Ltd., Cambridge, United kingdom), anti-
SIRT-1 (Abcam Ltd., Hong Kong, China), anti-LC3 Ⅰ, 
anti-LC3 Ⅱ, anti-P62, anti-Beclin-1, or anti-β-actin 
antibody (Santa Cruz Biotechnology, United States) in 
Tris buffered solution (TBS) containing 5% skimmed 
milk overnight at 4 ℃. After washing three times in 
TBS with 0.1% Tween 20 (TTBS), the membranes 
were incubated with biotinylated secondary antibody 
diluted 1:1000 in PBST containing 5% skimmed 
milk for 2 h at 37 ℃. After extensive washing with 
TTBS, the membranes were exposed to enhanced 
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Version 3.0 (TaKaRa, Dalian, China) for PCR analysis; 
primers are shown as follows: AMPK forward, 5’-G 
TGGTGTTATCCTGTATGCCCTTCT-3’ and reverse, 
5’-CTGTTTAAACCATTCATGCTCTCGT-3’; SIRT-1 
forward, 5’-AGCTGGGGTTTCTGTTTCCTGTGG-3’ and 
reverse, 5’-CGAACATGGCTTGAGGATCTGGGA-3’; 
β-actin forward, 5’-AGAGGGAAATCGTGCGTGAC-3’ 
and reverse, 5’-CAATAGTGATGACCTGGCCGT-3’. RT-
PCR was performed with the SYBR Premix Ex Taq kit 
(Takara, Dalian, China) for fluorescence detection 
during amplification on an ABI 7500 Fast Real-Time 
PCR System (Applied Biosystems). PCR cycling was 
performed under the following conditions: initial 
denaturation at 95 ℃ for 30 s and 40 thermal cycles of 
95 ℃ for 5 s, 60 ℃ for 34 s, and 72 ℃ for 30 s.

chemiluminescence-plus reagents (Beyotime Institute 
of Biotechnology, Hangzhou, China). Emitted light was 
documented with a BioSpectrum-410 multispectral 
imaging system with a Chemi HR camera 410 (UVP, 
Upland, CA, United States) and analyzed with Gel-Pro 
Analyzer Version 4.0 (Media Cybernetics, Bethesda, 
United States).

Quantitative real-time polymerase chain reaction (RT-
PCR) analysis of liver AMPK and SIRT-1 mRNA levels
Total RNA was extracted from rat liver using Trizol 
reagent (Invitrogen, Carlsbad, CA, United States) 
according to the manufacturer’s instructions. Re
verse transcription into cDNA was performed using 
a TaKaRa RNA polymerase chain reaction (PCR) kit 
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RNA interference
HepG2 cells were transfected with small interfering 
RNAs (siRNAs) directed against AMPK α1 and SIRT-1, 
with scrambled siRNAs used as controls. Both specific 
and control siRNAs were obtained from GenePharma 
(Shanghai, China), and transient siRNA transfection 
was performed as previously described. After siRNA 
transfection for 48 h, the cells were treated with FO for 
an additional 6 h. The cells were then collected for the 
protein and mRNA analyses.

RESULTS
Effect of FO emulsion on intestinal and liver injury 
induced by intestinal I/R
Histopathological analysis of the liver in the I/R group 
showed apparent injury compared with the sham 
group, which was manifested as edema, hemorrhage, 
and neutrophil infiltration (Figure 1A). However, liver 
injury was significantly improved by pretreatment 
with FO emulsion, and the histopathological score was 
significantly reduced compared with the I/R group 
(Figure 1A, P < 0.01). 

Compared with the sham group, intestinal mucosal 
injury was also found in the I/R group with apparent 

hemorrhage and loss of lamina propria villi and glands 
(Figure 1B). Pretreatment with FO emulsion significantly 
reduced the intestinal damage and histopathology score 
(Figure 1B, P < 0.01). 

Effect of FO emulsion on serum ALT, AST, TNF-α, and 
liver MDA levels
In the I/R group, there was a significant increase in 
serum ALT and AST levels compared with the sham 
group. However, pretreatment with FO significantly 
decreased serum levels of both ALT and AST compared 
with the I/R group (Figure 2A, P < 0.01). This indicated 
that FO emulsion was effective in improving liver 
function. 

Moreover, serum TNF-α and liver MDA increased 
significantly after intestinal I/R compared with the 
sham group (P < 0.01). Furthermore, FO emulsion 
pretreatment dramatically reduced proinflammatory 
cytokine levels (Figure 2B, P < 0.01).

Effect of FO emulsion on LC3 Ⅱ, Beclin-1, and P62 
expression in liver tissue after intestinal I/R
Western blot analysis was performed to examine 
the expression of LC3 Ⅱ, Beclin-1, and P62 in liver 
tissue. Compared with the sham group, both LC3 Ⅱ 
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and Beclin-1 expression was markedly decreased but 
P62 expression increased in the I/R group. However, 
pretreatment with FO emulsion markedly increased the 
expression of both LC3 Ⅱ and Beclin-1, and decreased 
the expression of P62 compared with the I/R group 
(Figure 3, P < 0.01), indicating that FO emulsion 
activated autophagy in intestinal I/R-induced liver injury. 

Effect of AMPK/SIRT-1 activation by FO emulsion in liver 
tissue after intestinal I/R
Western blot and RT-PCR analyses were performed 
to determine AMPK and SIRT-1 protein and mRNA 
contents in the liver. After intestinal I/R, the ratio 
of p-AMPK/AMPK protein and AMPK mRNA in the 
liver was dramatically decreased compared with the 
sham group (Figure 4A, P < 0.01). Similarly, both 
SIRT-1 protein and mRNA expression in the liver were 
dramatically decreased compared with the sham group 
(Figure 4B, P < 0.01). Nevertheless, not only the ratio 
of p-AMPK/AMPK protein and AMPK mRNA, but also 
the SIRT-1 protein and mRNA expression in the liver 
were dramatically increased by pretreatment with FO 
emulsion compared with the I/R group (Figure 4A and B, 
P < 0.01, P < 0.05).

FO emulsion ameliorates LPS induced HepG2 cell 
damage through the AMPK/SIRT-1/autophagy pathway
To investigate the role of the AMPK/SIRT-1/autophagy 
pathway affected by FO emulsion in intestinal I/
R-induced liver injury, HepG2 cells were employed and 
challenged with LPS to mimic the circumstance in vivo. 
Western blot analysis was then performed to examine 
the AMPK, SIRT-1, and Beclin-1 expression in LPS-
stimulated HepG2 cells. Further, TNF-α and MDA were 
determined using experimental kits according to the 
manufacturer’s protocols. Compared with the con group 
(control + LPS), the expression of p-AMPK, SIRT-1, and 
Beclin-1 was significantly increased in the FO group 
(FO + LPS) (Figure 5A, P < 0.05). This was associated 
with a significant decrease of TNF-α and MDA levels 
(Figure 5B, P < 0.01). However, p-AMPK, SIRT-1, and 
Beclin-1 expression was decreased significantly in the 
FO + siA (FO + AMPK siRNA + LPS) group compared 
with the FO group. Moreover, reduced SIRT-1 and 
Beclin-1 expression was observed in the FO + siS (FO 
+ siRNA of SIRT-1 + LPS) group compared with the FO 
group (Figure 5A, P < 0.05). This was associated with a 
significant increase of TNF-α and MDA levels in HepG2 
cells, although there was no change of p-AMPK (Figure 
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5B, P < 0.05). Thus, FO emulsion may ameliorate liver 
injury induced by intestinal I/R through the AMPK/
SIRT-1/autophagy pathway. 

DISCUSSION
To our knowledge, we may provide the first evidence 
of the protective effect of AMPK/SIRT-1/autophagy 
activated by FO in intestinal I/R induced liver injury. 
In the present study, we demonstrated that intestinal 
I/R caused significant liver injury, which was evidenced 
by: (1) apparent liver tissue edema, hemorrhage, and 
neutrophil infiltration; (2) liver dysfunction (increased 
serum AST and ALT levels) associated with increased 
TNF-α and MDA; (3) decreased protein and mRNA 
expression of p-AMPK/AMPK and SIRT-1 associated 
with autophagy (decreased LC3 Ⅱ and Beclin-1 
expression but increased P62 expression); (4) FO 
emulsion restored the balance of the factors and 

alleviated liver injury; and (5) in LPS-stimulated HepG2 
cells, AMPK siRNA impaired the FO-induced increase 
of p-AMPK, SIRT-1, and Beclin-1 but the decrease of 
TNF-α and MDA. SIRT-1 siRNA impaired the FO-induced 
increase of SIRT-1 and Beclin-1 but the decrease of 
TNF-α and MDA. 

Intestinal I/R injury is the initiator of MODS and 
the promoter of distant organ injury[6]. Elucidating 
the series of events which lead to distant organ injury 
and a lethal consequence may provide clues to the 
pathogenesis of MODS and may further improve 
survival in critically ill patients. The liver is the most 
vulnerable organ even beyond the intestine per se 
when suffering intestinal I/R[7-9]. Liver malfunction 
often indicates a poor prognosis in MODS patients[9].

Oxidative stress and inflammatory cascade are 
two critical pathogeneses in liver injury induced by 
intestinal I/R. Intestinal I/R can induce leukocyte 
(including neutrophils and lymphocytes) infiltration 
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into the liver and results in an oxidative stress in 
sinusoids that contributes to subsequent hepatocellular 
injury[19]. It has been proposed that activated Kupffer 
cells and infiltrating neutrophils producing oxygen 
radicals and chemical inflammatory mediators such 
as TNF-α and IL-6 are involved in the gut I/R induced 
neutrophil accumulation in the liver[9]. TNF-α is regarded 
as the most important proinflammatory cytokine 
which contributes to both morbidity and mortality in 

inflammation cascade. Because the biological effects of 
TNF-α both in the liver and elsewhere, it has been widely 
used as an indicator of liver injury[9]. Further, MDA as 
an indicator of lipid peroxidation was determined in the 
present study[19]. We now demonstrated that serum 
TNF-α and liver MDA were increased after intestinal I/R. 
This is consistent with previous studies from our and 
other laboratories[7-9].

Autophagy is a lysosome-mediated degradative 
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Figure 5  p-AMPK, AMPK, SIRT-1, Beclin-1, TNF-α, and MDA expression in HepG2 cells challenged with LPS, LPS + FO, LPS + FO + siAMPK, or LPS + FO + 
siSIRT-1 (mean ± SD, n = 3). aP < 0.05, bP < 0.01 vs control; cP < 0.05 vs FO.
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pathway of cellular mechanisms for degrading misfolded 
proteins[10]. The execution of autophagy involves 
three critical proteins including LC3 Ⅱ, P62/SQSTM1, 
and Beclin 1[20-22]. Autophagy not only plays a crucial 
role in normal liver but also diseased liver. Moderate 
autophagy is benefit for cell survival against various 
stress stimulations. Nevertheless, excessive activation 
of autophagy results in cell death[23,24]. Autophagy also 
exhibits dual roles in different disease circumstances 
and also links to oxidative stress and inflammatory 
reaction[11,12]. Previous studies indicated that autophagy 
is a cellular self-protective mechanism against oxLDL-
induced injury[13]. In the current study, decreased ex
pression of essential autophagy regulators (decrease of 
Beclin 1 and LC3 Ⅱ and increase of P62) was observed 
in rat liver challenged by intestinal I/R. FO induced 
this self-protective mechanism, which manifested as 
an increase of rat liver autophagy in case of intestinal 
I/R. Similarly, FO also induced this self-protective 
mechanism in HepG2 cells in the presence of I/R. Our 
results suggested that FO conferred liver protection and 
amplified the activation of autophagy during intestinal 
I/R.

In addition, we identified the role of AMPK and SIRT-1 
in FO stimulated autophagy in liver injury induced by 
intestinal I/R. SIRT-1 belongs to the mammalian family 
of sirtuins, a highly conserved family of NAD-dependent 
deacetylases that regulate cellular energy and lifespan in 
mammals[25]. A study of SIRT-1 knockout mice showed 
that SIRT-1 is an important regulator of autophagy[26]. 
SIRT-1 interacts with several essential components of 
the autophagy machinery and elevates autophagy. We 
and others have demonstrated that AMPK can enhance 
the activity of SIRT-1, which is associated with the 
cellular energy balance in animal models of stroke[26,27]. 

It has been reported that AMPK phosphorylation 
regulates SIRT-1 activity[16]. Herein, we found that a 
decrease of p-AMPK/AMPK and SIRT-1 protein and 
mRNA expression in rat liver suffering from intestinal 
I/R. However, FO promoted AMPK phosphorylation 
and SIRT-1 expression in intestinal I/R-induced liver 
injury. This is parallel with the autophagy levels but 
contradictory with TNF-α and MDA expression. This is 
consistent with a previous study indicating that AMPK 
decreases after cold I/R injury of intestinal preservation 
for transplantation and may be because of energy 
deprivation under ischemic conditions[28,29]. In addition, 
knockdown of AMPK impaired the FO-induced increase 
of p-AMPK, SIRT-1, and Beclin-1 but the decrease of 
TNF-α and MDA induced by in LPS-stimulated HepG2 
cells, and knockdown of SIRT-1 impaired the FO-induced 
increase of SIRT-1 and Beclin-1 but the decrease of 
TNF-α and MDA. These indicated that FO stimulated 
autophagy through the AMPK/SIRT-1 signaling pathway 
in liver injury induced by intestinal I/R.

To our knowledge, we presented here, maybe for 
the first time, that FO attenuated intestinal I/R induced 
liver injury by inducing autophagy both in vivo and 
in vitro through the AMPK/SIRT-1 signaling pathway 
(Figure 6). Our results provide experimental evidence 
for future clinical applications of FO or FO-related 
products to prevent intestinal I/R associated liver 
disease. This study has some limitations, and further 
studies should be performed using gene knockout 
animals and clinical application should be concentrated.

ARTICLE HIGHLIGHTS
Research background
The liver is the most vulnerable organ after intestinal ischemia/reperfusion (I/R) 

FO

AMPK

SIRT1

LC3

p62

Intestinal I/R

Liver injury

Cytoplasm

Mitophagy

Inflammatory 
injury

Oxidative 
injury

Figure 6  Schematic representation of the novel potential protective mechanism of fish oil in liver injury induced by intestinal I/R through the AMPK/SIRT-1/
autophagy pathway. 
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because the liver and intestine share the anatomical common pathway such as 
coupled vasculature. The mechanism is obscure and has multiple overlapping 
pathways. Increased evidence indicates that the AMPK/SIRT-1/autophagy 
pathway may be involved in this process. Fish oil (FO) may regulate the AMPK/
SIRT-1/autophagy pathway to affect liver injury induced by intestinal I/R.

Research motivation
Understanding and regulating AMPK/SIRT-1/autophagy pathway using a safe 
and effective substance like FO will be an important area of future research.

Research objectives
This study aimed to provide evidence that FO can attenuate intestinal I/R 
induced liver injury by inducing autophagy through the AMPK/SIRT-1 pathway. 
This will provide a therapeutic target for future clinical applications of FO to 
prevent intestinal I/R associated liver disease. 

Research methods
This research was performed using Wistar rats challenged by intestinal I/R and 
HepG2 cells stimulated with LPS to mimic the in vivo pathogenesis. Further, 
RNA interference has been employed, which laid a foundation for the future 
gene knockout animal study. 

Research results
Intestinal I/R induced apparent liver injury, including histopathological injury and 
liver dysfunction, and this was associated with increased TNF-α and MDA, and 
decreased AMPK/SIRT-1/autophagy molecular function. FO emulsion restored 
the balance of the factors and alleviated liver injury. The similar results were 
observed in HepG2 cells stimulated with LPS. 

Research conclusions
Intestinal I/R induced liver injury is associated with decreased AMPK/SIRT-1/
autophagy (LC3 Ⅱ, Beclin-1, and P62 expression) molecular function. FO 
emulsion restored the beneficial factors and alleviated liver injury. Similar 
results were observed in HepG2 cells. We present a novel theory here that 
FO can prevent intestinal I/R associated liver disease via the AMPK/SIRT-1/
autophagy pathway. This may be a potential novel target for patients. We may 
provide the first evidence of AMPK/SIRT-1/autophagy regulated by FO in liver 
injury induced by intestinal I/R. Our hypothesis was confirmed using rat models 
and HepG2 cells treated with LPS and RNA interfere to mimic the conditions in 
vivo. Thus, FO and FO-related products may have novel clinical applications to 
prevent intestinal I/R associated liver disease in future. 

Research perspectives
This study has some limitations and further studies should be performed using 
gene knockout animals and clinical application should be concentrated.
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Abstract
AIM
To examine the impact of aging on the short-term 
outcomes following pancreatic resection (PR) in elderly 
patients.

METHODS
A retrospective cohort study using prospectively 
collected data was conducted at the China National 
Cancer Center. Consecutive patients who underwent PR 
from January 2004 to December 2015 were identified 
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and included. ‘Elderly patient’ was defined as ones 
age 65 and above. Comorbidities, clinicopathology, 
perioperative variables, and postoperative morbidity 
and mortality were compared between the elderly and 
young patients. Univariate and multivariate analyses 
were performed using the Cox proportional hazard 
model for severe postoperative complications (grades 
Ⅲb-Ⅴ).

RESULTS
A total of 454 (63.4%) patients were < 65-years-
old and 273 (36.6%) patients were ≥ 65-years-
old, respectively. Compared to patients < 65-years-
old, elderly patients had worse American Society 
of Anesthesiologists scores (p  = 0.007) and more 
comorbidities (62.6% vs  32.4%, p  < 0.001). Elderly 
patients had more severe postoperative complications 
(16.8% vs  9.0%, p  = 0.002) and higher postoperative 
mortality rates (5.5% vs  0.9%, p  < 0.001). In the 
multivariate Cox proportional hazards model for severe 
postoperative complications, age ≥ 65 years [hazard 
ratio (HR) = 1.63; 95% confidence interval (CI): 
1.18-6.30], body mass index ≥ 24 kg/m2 (HR = 1.20, 
95%CI: 1.07-5.89), pancreaticoduodenectomy (HR 
= 4.86, 95%CI: 1.20-8.31) and length of operation 
≥ 241 min (HR = 2.97; 95%CI: 1.04-6.14) were 
significant (p = 0.010, p  = 0.041, p  = 0.017 and p  = 
0.012, respectively).

CONCLUSION
We found that aging is an independent risk factor for 
severe postoperative complications after PR. Our results 
might contribute to more informed decision-making for 
elderly patients.

Key words: Pancreatectomy; Aged; Pancreatic cancer; 
Postoperative complications; Mortality

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Pancreatic resection is the only treatment 
with curative potential for pancreatic cancer and peri
ampullary cancer, and it is a useful treatment for other 
benign diseases. But, compromised physiological reserve 
and comorbidities may counterindicate pancreatic 
resection in elderly patients. We found that aging is 
an independent risk factor for severe postoperative 
complications (grades Ⅲb-Ⅴ). The potential deleteri
ous effect of age on severe complications translates 
to a need for improvement in surgical management of 
elderly patients undergoing pancreatic resection. Our 
results might contribute to informed decision-making for 
elderly patients. 

Chen YT, Ma FH, Wang CF, Zhao DB, Zhang YW, Tian YT. 
Elderly patients had more severe postoperative complications 
after pancreatic resection: A retrospective analysis of 727 patients. 
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INTRODUCTION
The aging population worldwide is growing at a re­
markable rate. It is predicted that the proportion 
of the population aged 65 or above, in developed 
and developing nations alike, will rise until at least 
2050[1]. The incidence of pancreatic and periampullary 
cancer is strongly age-related, and elderly patients 
represent 60% of all diagnosed cases[2]. Pancreatic 
resection is the only treatment with curative potential 
for pancreatic and periampullary cancer, and it is a 
useful treatment for other benign diseases[3]. Thus, 
pancreatic surgeons will increasingly face decisions on 
whether to perform a pancreatic resection on elderly 
patients. 

Over the last decade, several reports described 
outcomes for pancreatic resection on elderly patients; 
however, the results are inconsistent. Some studies[2,4-15] 

reported a positive association between age and 
the postoperative complications after pancreatic re­
sections, whereas others[3,16-27] found no association. 
Moreover, the majority of such studies were conducted 
in developed countries. For developing countries, the 
data was scarce. As such, we conducted a single-
center, large-scale retrospective study to examine 
the association between age and postoperative 
complications after pancreatic resections in Chinese 
patients.

MATERIALS AND METHODS
Patients who underwent pancreatic resection at 
the Cancer Hospital of the Chinese Academy of 
Medical Sciences, China National Cancer Center from 
January 2004 to December 2015 were identified 
and included in the study. All pancreatic resections 
including pancreaticoduodenectomy (n = 385), distal 
pancreatectomy (n = 281) and middle-segment 
pancreatectomy (n = 51) were reviewed. The patients 
were divided into those at the age of 65-years-old or 
above and those younger than 65 years. The patients 
aged at 65-years-old or above were defined as “elderly 
patients”. All study procedures were approved by the 
Institutional Review Board at the Cancer Hospital of the 
Chinese Academy of Medical Sciences.

The following factors were compared between 
two groups: demographic characteristics, smoking 
and alcohol consumption, body mass index (BMI), 
hemoglobin and serum albumin levels, American Society 
of Anesthesiologists (ASA) score, preoperative biliary 
drainage, comorbidities (diabetes, coronary artery 
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disease, hypertension, chronic obstructive pulmonary 
disease, hepatitis B), previous history of cancer, previous 
abdominal surgery, family history of cancer, surgical 
procedure, intraoperative data (operative time, intrao­
perative blood loss), pathologic data, postoperative 
hospital stay, cost, perioperative complications and 
perioperative mortality.

Perioperative mortality was defined as in-hospital 
death within 30 d after surgery. The specific compli­
cations studied include delayed gastric emptying, pan­
creatic fistula, bile leak, gastrointestinal hemorrhage, 
cholangitis, pneumonia, wound infection, urinary tract 
infection, intraabdominal abscess, central line infection, 
and cerebrovascular accident. Postoperative compli­
cations were defined according to the Clavien-Dindo 
classification, and severe complications were defined as 
complications grade Ⅲb and greater[28,29]. Length of stay 
was calculated from the date of operation to the date of 
hospital discharge.

Statistical analysis
χ 2 tests (for categorical variables) or t-tests (for conti­
nuous variables) were used to examine the differences in 
patients’ characteristics between the elderly and young 
groups. Univariate and multivariate Cox proportional 
hazards regression models were performed to iden­
tify independent predictors for severe postoperative 
complications (grades Ⅲb-Ⅴ). A P-value of less than 
0.05 was considered statistically significant. Statistical 
analyses were conducted using SAS software version 9.3 
(SAS Institute Inc., Cary, NC, United States).

RESULTS
Patient demographics and comorbidities
Pancreatic resection was performed in 454 elderly 
patients (63.4%) and 273 young patients (36.6%). The 
elderly patients had significantly higher male:female 
ratio and alcohol consumption (Table 1). Compared to 
the young patients, the elderly patients had statistically 
higher preoperative ASA scores, with 48.4% of these 
patients within Ⅲ/Ⅳ classes compared to 19.6% in the 
young patients (P = 0.007), and had a higher rate of 
preoperative biliary drainage (P = 0.011). The elderly 
patients had more comorbidities (62.6% vs 32.4%, 
P < 0.001). The incidences of diabetes, hypertension 
and coronary artery disease were significantly higher 
in elderly patients (Table 1). Depending on the primary 
tumor localization, pancreaticoduodenectomy (n = 
385), middle-segment pancreatectomy (n = 51) or 
distal pancreatectomy (n = 281) were performed. 
The most common malignancies were pancreatic 
ductal adenocarcinoma in 45 (60.8%), and the rate of 
pancreatic ductal adenocarcinoma was higher in the 
elderly than in the young patients (P < 0.001).

Patient age and postoperative complications
Although overall complication rate was comparable 

between two groups (39.6% vs 33%, P = 0.075), 
the incidence of postoperative severe complications 
(grades Ⅲb-Ⅴ) was significantly higher in elderly 
patients (16.8% vs 9.0%, P = 0.002). Gastrointestinal 
hemorrhage and urinary tract infection was more 
frequent in the elderly patients. There was no significant 
difference in the incidence of delayed gastric emptying, 
pancreatic fistula, bile leak, cholangitis, pneumonia, 
wound infection, intraabdominal abscess, central line 
infection and cerebrovascular accident between the 
two groups. Postoperative mortality was significantly 
higher in the elderly patients (5.5% vs 0.9%, p < 
0.001) (Table 2).

Patient age and operative variables/length of hospital 
stay
Age did not show a significant association with ope­
rative time, cost of hospitalization or postoperative 
hospital stay (Table 3). Intraoperative blood loss 
(median: 468 mL) was comparable between groups, 
whereas the number of individuals receiving blood 
transfusions was significantly greater among elderly 
patients (129/273 vs 169/454).

Risk factors for severe postoperative complications 
(grades Ⅲb-Ⅴ ) in elderly patients 
Univariate Cox proportional hazards regression models 
identified the following risk factors for severe post­
operative complications (grades Ⅲb-Ⅴ): age ≥ 65 (P 
= 0.002), BMI ≥ 24 kg/m2 (P = 0.012), ASA score 
Ⅲ/Ⅳ (P = 0.038), PD (P < 0.001), and length of 
operation (≥ 241 min) (P = 0.004). In multivariate 
analysis, independent factors were age ≥ 65 years 
[P = 0.010; odds ratio (OR) = 1.63; 95% confidence 
interval (CI): 1.18-6.30], BMI ≥ 24 kg/m2 (P = 0.041; 
OR = 1.20; 95%CI: 1.07-5.89), PD (P = 0.017; OR = 
4.86; 95%CI: 1.20-8.31), and length of operation (P = 
0.12; OR = 2.97; 95%CI: 1.04-6.14) (Table 4).

DISCUSSION
Pancreatic resection is recognized as a highly invasive 
surgery. Despite recent advances in surgical technique, 
devices and perioperative care, elderly patients 
undergoing pancreatic resection remain a challenge, 
mainly due to compromised physiological reserve 
and comorbidities, which may negatively impact the 
postoperative outcomes[27].

In our study, we found that the incidence of severe 
postoperative complications (grades Ⅲb-Ⅴ) was 
significantly higher in elderly patients (16.8% vs 9.0%, 
P = 0.002), although the overall complication rate was 
comparable between the two groups (39.6% vs 33%, 
P = 0.075). Recently, centers in developed counties 
have started to report their results after pancreatic 
resection in the elderly. The majority of studies reported 
statistically higher postoperative complication rates 
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p = 0.28). Riall et al[5] described increasing age as an 
independent risk factor for mortality after pancreatic 
resection by using a large population-based cohort. 
Another population-based study[15] in the Netherlands 
found that postoperative length of stay in hospital was 
longer and morbidity rate was higher (56% vs 44%, 
p = 0.04) among elderly patients, and also showed 
that elderly patient groups (≥ 70 years) exhibited a 
higher short-term mortality risk compared to patients 
under 70-years-old. Several studies did not show a 
statistical difference in overall morbidity or mortality 
rates between the older and younger groups. Our study 
is one of the largest studies, and our data is consistent 
with those from population-based studies.

Beside age, we also found BMI ≥ 24 kg/m2, 
pancreaticoduodenectomy and length of operation 
≥ 241 min (median) were independent risk factors 
for severe postoperative complications (grades Ⅲb-
Ⅴ). Taken together, age alone should not be the only 

in the group they defined as elderly patients when 
compared to young patients. Lahat et al[8] reported 
that elderly patients (age ≥ 70 years) had more 
postoperative complications (41% vs 29%, P = 0.01), 
longer hospital stays (26.2 d vs 19.7 d, p < 0.0001) 
and higher incidences of perioperative mortality (5.4% 
vs 1.4%, p = 0.01). Adham et al[2] found that elderly 
patients had higher postoperative mortality rates (12.9% 
vs 3.9%, p = 0.04) and demonstrated age ≥ 70 years 
[hazard ratio (HR) = 3.5; 95%CI: 1.3-9.3] as an 
independent predictor of postoperative mortality. Ayman 
et al[14] showed that the incidence of complications 
was higher in elderly patients (25.9% in patients aged 
< 65 years, 36.8% in those aged at 65 to 69 years, 
and 37.5% in those aged ≥ 70 years, P = 0.006) and 
postoperative hospital mortality was comparable. Kow 
et al[10] found that morbidity rate in elderly patients was 
higher (56% vs 44%, p = 0.04) for age ≥ 70 years, 
but the mortality rate was comparable (0% vs 3%, 

Table 1  Demographic, comorbidity, operation type, and pathology data in patients grouped according to age

Variable < 65 yr, n  = 454 ≥ 65 yr, n  = 273 Total, n  = 727 P value

Sex
   Male 202 159 361
   Female 252 114 366
   Male:female ratio        0.8        1.4        1.0   0.0003
Mean BMI in kg/m2      23.1      23.4      23.2 0.351
Smoking 0.129
   Never 323 180 503
   Ever 130   93 223
Mean smoking amount. in packs/yr   50   53   51 0.127
Mean smoking time in yr      22.1      26.1      23.7 0.101
Alcohol 0.017
   Never 367 200 567
   Ever   87   73 160
Mean preoperative TBIL in μmol/L      31.4      42.8      36.3 0.134
Preoperative serum albumin in g/L      39.7      37.8      38.9 0.111
ASA category Ⅲ + Ⅳ   89   77 166 0.007
Preoperative biliary drainage   51   49 100 0.011
Comorbidity
   Patients with any comorbidity 147 171 318 < 0.001
   Diabetes   89   73 162 0.025
   Coronary artery disease   18   57   75 < 0.001
   Hypertension   77   63 140 0.043
   COPD   11   12   23 0.141
   HBV   26     9   35 0.138
   HCV   11     4   15 0.379
   Previous history of cancer     3     6     9 0.070
   Previous abdominal surgery   61   37   98 0.964
   Family history of cancer   49   50   99 0.004
Operation type
   Pancreaticoduodenectomy 232 153 385 0.196
   Distal pancreatectomy 169 112 281 0.308
   Middle-segment pancreatectomy   43     8   51   0.0008
Pathology data
   Pancreatic duct adenocarcinoma   94 101 195 < 0.001
   Others1 360 172 532

1Distal bile duct adenocarcinoma, ampulla adenocarcinoma, gall bladder adenocarcinoma, duodenal adenocarcinoma, intraductal papillary mucinous 
neoplasm, neuroendocrine neoplasm, pancreatic metastasis, solid pseudopapillary tumor, benign neoplasm, pancreatitis. ASA: American Society of 
Anesthesiologists; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; TBIL: Total 
bilirubin.
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contraindication to pancreatic resection. It is important 
for surgeons to recognize that elderly patients have 
higher severe postoperative complications. In order 
to allow the proper selection of those patients best 
suited for surgery, a more comprehensive evaluation 
of the comorbidities, BMI, complexity of the surgical 
procedure and type of surgical procedure is required. 

The age groups studied vary among the published 
studies. Some studies[10,19] set 65-years-old as the 
cut-off for elderly patients, while others set the ages 
of 70 years[2,8,13,15,21,23,25,27], 75 years[3,18,22] or even 
80 years[7,11,16,20] as cut-offs. We accepted the age 

of 65 years as a definition of elderly. Compared to 
patients aged < 65 years, those elderly patients had 
statistically higher preoperative ASA scores and more 
comorbidities, such as diabetes, hypertension and 
coronary artery disease. In the present series, the 
elderly patients had a higher rate of preoperative 
biliary drainage (p = 0.011), which is in line with a 
previous study[21] that found most physicians might 
reduce the threshold of acceptable preoperative 
bilirubin in the elderly, fearing the well-known impact 
of sustained jaundice on nutritional status and renal 
function in elderly patients. The elderly patients also 

Table 2  Postoperative complications in patients grouped according to age

Complication < 65 yr, n  = 454 ≥ 65 yr, n  = 273 Total, n  = 727 P value

Patients with any complication 150 (33.0) 108 (39.6) 258 (35.5) 0.075
Patients with severe complication (grades Ⅲb-Ⅴ) 41 (9.0) 46 (16.8) 87 (12.0) 0.002a

Pancreatic fistula 72 (15.9) 55 (20.1) 127 (17.5) 0.140
Delayed gastric emptying 45 (9.9) 35 (12.8) 80 (11.0) 0.225
Bile leak 15 (3.3) 14 (5.1) 29 (4.0) 0.224
Reoperation 12 (2.6) 11 (4.0) 23 (3.2) 0.301
Readmission 4 (0.9) 1 (0.4) 5 (0.7) 0.416
Gastrointestinal hemorrhage 9 (2.0) 13 (4.8) 22 (3.0) 0.034a

Wound infection 18 (4.0) 12 (4.4) 30 (4.1) 0.777
Cholangitis 6 (1.3) 5 (1.8) 11 (1.5) 0.585
Urinary tract infection 12 (2.6) 16 (5.9) 28 (3.9) 0.029a

Pneumonia 7 (1.5) 10 (3.7) 17 (2.3) 0.067
Intraabdominal abscess 13 (2.9) 7 (2.6) 20 (2.8) 0.811
Bacteremia 7 (1.5) 9 (3.3) 16 (2.2) 0.118
Central line infection 12 (2.6) 10 (3.7) 22 (3.0) 0.437
Pulmonary embolus 0 (0) 1 (0.4) 1 (0.1) 0.197
Deep venous thrombosis 1 (0.2) 3 (1.1) 4 (0.5) 0.121
Arrhythmia 10 (2.2) 11 (4.0) 21 (2.9) 0.154
Cerebrovascular accident 1 (0.2) 1 (0.4) 2 (0.3) 0.716
Mortality 4 (0.9) 15 (5.5) 19 (2.6) < 0.001a

Data are presented as n (%). aStatistical significance.

Table 3  Association among operative difficulty, postoperative hospital stay and cost with age

Variable < 65 yr, n  = 454 ≥ 65 yr, n  = 273 Total, n  = 727 P value

Mean operative time in min 239.8 247.5 243.1 0.330
Mean intraoperative blood loss in mL 461.0 479.1 468.0 0.650
Blood transfusion, n 169 129 298 0.008
Mean postoperative hospital stay in d 21.1 22.7 21.9 0.150
Mean cost in RMB 76411 73610 74717 0.790

Table 4  Univariate and multivariate Cox proportional hazards models for severe postoperative complications (grades Ⅲb-Ⅴ)

Variable Subgroup Univariate Multivariate

P  value P  value HR (95%CI)
Medical risk factors
   Age in yr < 65 vs ≥ 65 0.002 0.010 1.63 (1.18-6.30)
   BMI < 24 kg/m2 vs ≥ 24 kg/m2 0.012 0.041 1.20 (1.07-5.89)
   ASA classification Ⅰ/Ⅱ vs Ⅲ/Ⅳ 0.038 0.271 -
Surgical risk factors
   Pancreaticoduodenectomy Yes vs No < 0.001 0.017 4.86 (1.20-8.31)
   Length of operation < 241 min vs ≥ 241 min (median) 0.004 0.012 2.97 (1.04-6.14)

ASA: American Society of Anesthesiologists; BMI: Body mass index; CI: Confidence interval; HR: Hazard ratio.
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had a higher rate of pancreatic duct adenocarcinoma; 
this could be explained by age-dependent biological 
differences.

The study has several strengths. First, to our know­
ledge, this is one of the largest studies in developing 
countries evaluating the effect of age on short-term 
outcomes after pancreatic resection. Second, our 
study used the Clavien-Dindo classification system to 
classify the complications associated with pancreatic 
resection, and we found that aging is an independent 
risk factor for severe postoperative complications 
(grades Ⅲb-Ⅴ), which have negative effects on health-
related quality of life, length of stay and resource 
utilization[30,31]. Our study may provide a more realistic 
view of complications following pancreatic resection. As 
for the current study, there are several limitations. The 
retrospective nature of this study can be associated 
with selection bias. The study also took place over 
a 12-year period, during which advances in surgical 
technique, devices and perioperative care likely 
improved outcomes in elderly patients. In addition, all 
patients were analyzed from a single institution, so the 
findings may not be generalizable to other settings. The 
limited sample size makes it difficult to further perform 
subcategory analysis based on age.

In conclusion, increasing age is an independent 
risk factor for severe postoperative complications 
(grades Ⅲb-Ⅴ) after pancreatic resection. Therefore, 
pancreatic surgery should be considered with caution 
in elderly patients. Our results may contribute to 
informed decision-making for elderly patients.

ARTICLE HIGHLIGHTS
Research background
Pancreatic resection is the only treatment with curative potential for pancreatic 
cancer and periampullary cancer, and it is also a useful treatment for other 
benign diseases. But, compromised physiological reserve and comorbidities 
may counterindicate pancreatic resection on elderly patients. Over the last 
decade, several reports described outcomes for pancreatic resection on elderly 
patients; however the results are inconsistent. Some studies reported a positive 
association between age and the postoperative complications after pancreatic 
resections, whereas others found no association. Moreover, the majority of such 
studies were conducted in developed countries. For developing countries, the 
data was scarce.

Research motivation
The aging population worldwide is growing at a remarkable rate. It is predicted 
that the proportion of the population aged 65 or above, in developed and 
developing nations alike, will rise until at least 2050. The incidence of pancreatic 
and periampullary cancer is strongly age-related, and elderly patients represent 
60% of all diagnosed cases. Pancreatic resection is the only treatment with 
curative potential for pancreatic and periampullary cancer, and it is also a useful 
treatment for other benign diseases. Thus, pancreatic surgeons will increasingly 
face decisions on whether to perform a pancreatic resection on elderly patients. 
As such, we conducted a single-center, large-scale retrospective study to 
examine the association between age and postoperative complications after 
pancreatic resections in Chinese patients.

Research objectives
The aim of this study is to examine the impact of aging on the short-term 

outcomes following pancreatic resection in elderly patients.

Research methods
A retrospective cohort study using prospectively collected data was conducted 
at the Cancer Hospital of the Chinese Academy of Medical Sciences, China 
National Cancer Center. The patients were divided into those at the age of 
65-years-old or above and those younger than 65 years. The patients aged at 
65-years-old or above were defined as ‘elderly patients’. The following factors 
were compared between two groups: demographic characteristics, smoking and 
alcohol consumption, body mass index (BMI), hemoglobin and serum albumin 
levels, American Society of Anesthesiologists (ASA) score, preoperative biliary 
drainage, comorbidities (diabetes, coronary artery disease, hypertension, 
chronic obstructive pulmonary disease, hepatitis B), previous history of cancer, 
previous abdominal surgery, family history of cancer, surgical procedure, 
intraoperative data (operative time, intraoperative blood loss), pathologic data, 
postoperative hospital stay, cost, perioperative complications and perioperative 
mortality. 

Research results
Compared to patients < 65-years-old, elderly patients had worse ASA scores 
(p = 0.007) and more comorbidities (62.6% vs 32.4%, p < 0.001). Operative 
time, intraoperative blood loss, postoperative hospital stay and cost were 
comparable. Elderly patients had more severe postoperative complications 
(grades Ⅲb-Ⅴ) (16.8% vs 9.0%, p = 0.002) and higher postoperative mortality 
rates (5.5% vs 0.9%, p < 0.001). In the multivariate Cox proportional hazards 
model for severe postoperative complications (grades Ⅲb-Ⅴ), age ≥ 65 
years, BMI ≥ 24 kg/m2, pancreaticoduodenectomy and length of operation ≥ 
241 min were significant.

Research conclusions
Increasing age is an independent risk factor for severe postoperative 
complications (grades Ⅲb-Ⅴ) after pancreatic resection. Therefore, pancreatic 
surgery should be considered with caution in elderly patients. Our results 
may contribute to informed decision-making for elderly patients. Aging is an 
independent risk factor for severe postoperative complications after pancreatic 
resection. We found that aging is an independent risk factor for severe 
postoperative complications after pancreatic resection. Our results might 
contribute to more informed decision-making for elderly patients. We found 
that aging is an independent risk factor for severe postoperative complications 
(grades Ⅲb-Ⅴ) after pancreatic resection. Our results might contribute to 
more informed decision-making for elderly patients. 

The association between age and postoperative complications after 
pancreatic resections in Chinese patients is unknown. Our study used the 
Clavien-Dindo classification system to classify the complications associated 
with pancreatic resection, and we found that aging is an independent risk factor 
for severe postoperative complications (grades Ⅲb-Ⅴ). Our study may provide 
a more realistic view of complications following pancreatic resection. 

Elderly patients had more severe postoperative complications and higher 
postoperative mortality rates. Age ≥ 65 years is an independent risk factor for 
severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. 
Outcomes for pancreatic resection on elderly patients are inconsistent. This 
potential deleterious effect of age on severe complications needs improvement 
for surgical management of elderly patients undergoing pancreatic resection.

Research perspectives
We found that aging is an independent risk factor for severe postoperative 
complications (grades Ⅲb-Ⅴ) after pancreatic resection. Our results might 
contribute to more informed decision-making for elderly patients.
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Abstract
AIM
To define predictors of functional benefit of direct-acting 
antivirals (DAAs) in patients with chronic hepatitis C 
virus (HCV) infection and liver cirrhosis.

METHODS
We analysed a cohort of 199 patients with chronic HCV 
genotype 1, 2, 3 and 4 infection involving previously 
treated and untreated patients with compensated 
(76%) and decompensated (24%) liver cirrhosis at two 
tertiary centres in Germany. Patients were included with 
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treatment initiation between February 2014 and August 
2016. All patients received a combination regimen of 
one or more DAAs for either 12 or 24 wk. Predictors 
of functional benefit were assessed in a univariable as 
well as multivariable model by binary logistic regression 
analysis.

RESULTS
Viral clearance was achieved in 88% (175/199) of 
patients. Sustained virological response (SVR) 12 rates 
were as follows: among 156 patients with genotype 1 
infection the SVR 12 rate was 90% (n  = 141); among 
7 patients with genotype 2 infection the SVR 12 rate 
was 57% (n  = 4); among 30 patients with genotype 
3 infection the SVR 12 rate was 87% (n  = 26); and 
among 6 patients with genotype 4 infection the SVR 
12 rate was 67% (n  = 4). Follow-up MELD scores were 
available for 179 patients. A MELD score improvement 
was observed in 37% (65/179) of patients, no change 
of MELD score in 41% (74/179) of patients, and an 
aggravation was observed in 22% (40/179) of patients. 
We analysed predictors of functional benefit from 
antiviral therapy in our patients beyond viral eradication. 
We identified the Child-Pugh score, the MELD score, 
the number of platelets and the levels of albumin and 
bilirubin as significant factors for functional benefit.

CONCLUSION
Our data may contribute to the discussion of potential 
risks and benefits of antiviral therapy with individual 
patients infected with HCV and with advanced liver 
disease.

Key words: functional benefit; direct acting antiviral; 
hepatitis C; cirrhosis; real-life data

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Therapeutic regimens for patients with chronic 
hepatitis C virus (HCV) infection have substantially 
improved over the last few years. However real-life data 
in patients with cirrhosis are still limited, and predictors 
of functional benefit of direct-acting antivirals are not 
well defined. We analysed data from patients with HCV 
infection and liver cirrhosis to evaluate predictors of 
functional benefit for identifying patients profiting most 
from antiviral therapy beyond HCV eradication. 

Steinebrunner N, Stein K, Sandig C, Bruckner T, Stremmel W, 
Pathil A. Predictors of functional benefit of hepatitis C therapy in 
a ‘real-life’ cohort. World J Gastroenterol 2018; 24(7): 852-861  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i7/852.htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i7.852

INTRODUCTION
The introduction of all oral direct-acting antivirals (DAAs) 

based hepatitis C virus (HCV) therapy has dramatically 
increased the number of patients who are eligible 
for anti-viral therapy[1-4] and high response rates can 
be achieved with various combinational treatment 
regimens[5-7]. However, patients infected with HCV 
and suffering from liver cirrhosis remain a challenging 
subgroup with lower sustained virological response 
(SVR) rates compared with those patients with mild 
or moderate hepatic impairment[7,8]. An estimated 
25% of patients with HCV infection in the United 
States have cirrhosis, and this number is expected to 
rise to 37% by 2020[9-11]. These patients are at risk of 
disease-related complications, including hepatocellular 
carcinoma, liver decompensation, end-stage liver disease 
and finally the need for liver transplantation[7,12,13]. 
Liver decompensation and hepatocellular carcinoma 
associated with infection of HCV are the most common 
causes for liver transplantation in Europe and North 
America. Several trials have shown an early and 
long-term improvement of liver function associated 
with successful anti-viral treatment in the majority of 
cases[14-21]. However, a certain number of patients with 
compensated and decompensated liver cirrhosis show 
a deterioration of liver function in spite of successful 
viral clearance[17,22,23]. In this subset of patients with 
advanced liver disease, the prediction of functional 
benefit of anti-viral therapy in an individual patient is not 
well established. Therefore, in our real-life observational 
study, we analysed patients with HCV infection and liver 
cirrhosis to evaluate predictors for identifying those 
patients profiting most from antiviral therapy beyond 
HCV eradication with significant clinical improvement of 
hepatic function.

MATERIALS AND METHODS
Patient population and study design
We analysed clinical and laboratory data sets of all 
consecutive patients aged 18 years or over with chronic 
HCV genotype 1, 2, 3 or 4 infection and liver cirrhosis 
receiving DAA-based antiviral therapy. Patients were 
included with treatment initiation between February 
2014 and August 2016 in a retrospective, longitudinal 
study at two investigative sites in Germany. One patient 
with HCV genotype 1b infection on a 12-wk regimen 
of paritaprevir/ritonavir (PTV/r) + ombitasvir (OMV) 
+ dasabuvir (DSV) ± ribavirin (RBV) prematurely 
terminated treatment due to deterioration of liver 
function and subsequently received a liver transplant. 
After liver transplantation, the viral load remained 
negative on follow-up. Another patient with HCV 
genotype 1b infection on a 12-wk regimen of sofosbuvir 
(SOF) + daclatasvir (DCV) prematurely terminated 
treatment due to myalgia. At the point of treatment 
discontinuation, the patient had no detectable viral load 
and it remained negative on follow-up. In two patients 
with HCV genotype 1b infection on a 12-wk regimen 
of SOF + simeprevir (SMV) + RBV the dose of RBV 
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was discontinued after four weeks and after six weeks 
respectively, due to anaemia. Both patients showed 
SVR on follow-up. One patient was non-adherent to 
the antiviral treatment plan and showed no SVR. Three 
patients were started on antiviral therapy and failed to 
attend their follow-ups. These were, respectively, two 
patients with a 12-wk regimen of SOF + ledipasvir (LDV) 
+ RBV (genotype 1a and genotype 1b) and one patient 
with a 12-wk regimen of SOF + DCV + RBV (genotype 
3). These patients were classified as treatment failures. 
All patients were included in the intention-to-treat (ITT) 
analysis.

Patients received a combination treatment of one 
or more DAAs with or without RBV for either 12 or 24 
wk, depending on genotype, pre-treatment history 
or contraindications according to local guidelines[1]. 
SOF was administered at 400 mg once daily or in 
combination with LDV 90 mg as a single tablet co-
formulation. DCV was applied once daily at a dosing 
of 60 mg, with dose adjustment to 30 mg or 90 mg 
per day as recommended for patients with relevant 
potential drug-drug interactions. SMV was applied 
at a dosing of 150 mg once daily. Another treatment 
combination was PTV/r 150 mg/100 mg plus OMV 25 
mg (once daily) and DSV 250 mg (twice daily) with or 
without RBV. RBV was administered twice daily, with 
the dose determined according to body weight (1000 
mg per day for patients with a body weight of < 75 kg 
and 1200 mg per day in patients with a body weight ≥ 
75 kg), according to the individual treatment protocol.

Patients were reviewed at treatment weeks 4, 
12 and 24 and at additional time points, if deemed 
necessary, as well as 12 wk after the end of treatment. 
Serum HCV-RNA and standard laboratory tests were 
regularly assessed at baseline and at the following 
clinical visits. The lower limit of quantification (LLOQ) 
was 12 IU/ml [Abbott Real Time (ART) HCV assay 
(Abbott Molecular, Des Plaines, IL, United States)]. Liver 
cirrhosis was confirmed by liver histology or conducted 
by evaluation of data sets from non-invasive tests, 
comprising transient elastography (TE) (FibroScan, 
Echosens, Paris, France), with a cut-off value for cirrhosis 
of ≥ 12.5 kPa, ultrasound examination, imaging by 
computed tomography or magnetic resonance, presence of 
oesophageal varices and laboratory values. Classification 
was according to the Child-Pugh score. Liver stiffness 
measurements were performed according to current 
EASL guidelines[5,24] at baseline and 12 wk after the 
end of DAA treatment. The study was conducted in 
accordance with the Guidelines for Good Clinical Practice 
and the Declaration of Helsinki.

Statistical analysis
Continuous data were expressed by mean values 
and standard deviation. Categorical variables were 
expressed as absolute and relative numbers. Continuous 
data were analysed with t-test and categorical data with 
the chi-square test. Predictors of functional benefit were 

assessed in a non-stepwise method for multivariable 
binary logistic regression analysis. To maintain the 
validity of the logistic regression analysis relative to the 
number of outcome events, a maximum of 7 variables 
was selected[25]. Variables were chosen due to clinical 
relevance. These variables were selected based on 
the clinical experience of the authors, as well as based 
on the data of other publications[23] and were used 
for univariable as well as for multivariable analyses. 
MELD score and Child-Pugh score were assessed 
for interaction and showed none. We performed the 
Hosmer-Lemeshow test, which showed significance (p 
= 0.02) and therefore demonstrated a low goodness 
of fit. The removal of creatinine from the multivariable 
assessments improved the goodness of fit considerably 
(p = 0.43) and therefore was excluded from further 
analyses. A p-value < 0.05 was considered statistically 
significant. Statistical analysis was performed using 
SPSS software (IBM SPSS Statistics 24, Armonk, NY, 
United States) with additional analysis performed using 
SAS 9.4 (SAS Institute, Cary, NC, United States).

RESULTS
Patient characteristics
We enrolled 199 patients with chronic HCV infection 
and liver cirrhosis at two tertiary sites in Germany. 
HCV genotype 1 was present in 78% (n = 156) of 
patients, followed by genotype 3 in 15% (n = 30), 
genotype 2 in 4% (n = 7) and genotype 4 in 3% (n = 6) 
of patients. Our patient sample reflects existing data 
for the distribution of genotypes in Central Europe: 
Approximately 70% for genotype 1, followed by 
21% for genotype 3, 3% for genotype 2 and 5% for 
genotype 4[26,27]. Of all patients, 56% (n = 112) were 
treatment experienced, and 4% (n = 8) had received 
a protease inhibitor in a previous therapy. At treatment 
initiation, 152 (76%) patients had compensated 
cirrhosis and 47 (24%) had decompensated cirrhosis. 
Baseline characteristics of the study cohort are shown 
in Table 1. A combination treatment of SOF+RBV was 
administered to 18% (n = 36) of patients, and 47% 
(n = 93) of patients received a therapy regime of 
SOF + LDV ± RBV. A therapy regime of SOF + DCV ± 
RBV was administered to 19% (n = 38) of patients. 
18 patients (9%) were treated with a regimen of SOF 
+ SMV ± RBV. A therapy regime of PTV/r + OMV + 
DSV ± RBV was applied in 7% (n = 14) of patients. 
Treatment duration was either 12 or 24 wk, depending 
on the individual treatment protocol. Details on the 
treatment protocols with respect to the different 
genotypes are shown in Table 2.

Efficacy of antiviral therapies
Viral clearance was achieved in 88% (175/199) of 
patients. The SVR 12 rates according to the HCV 
genotype were as follows: 90% of patients with 
genotype 1 infection (141/156) and 57% of patients 
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post-treatment and the respective variables were as 
follows: INR was 1.13 ± 0.23; bilirubin was 1.4 ± 1.0 
mgdl-1 and creatinine 0.80 ± 0.21 mgdl-1. A MELD 
score decrease was observed in 37% (65/179) of 
patients, no change of MELD score in 41% (74/179), 
and an increase was observed in 22% (40/179). In 
the subgroup of patients with a MELD decrease, 16% 
(11/65) experienced a relapse, compared to 25% 
(10/40) in the subgroup with a MELD increase. The 
difference between these groups for this parameter 
could not be deemed to be significant (p = 0.315). 
The highest increase of the MELD score was +8 in 
one patient, the largest reduction of the MELD score 
was -6 in four patients (Figure 2A). In one patient, 
the increase of the MELD score was 17 (from 12 to 
29) within 10 d of treatment initiation. In this patient, 
antiviral treatment was terminated prematurely. Of 
the baseline factors examined (age, Child-Pugh 
score, MELD score, creatinine, platelets, albumin and 
bilirubin), the Child-Pugh score, the MELD score, the 
number of platelets and the levels of albumin and 
bilirubin were significant factors for functional benefit 
in the univariable analyses. Multivariable analyses 
showed a trend for MELD (p = 0.082) and for albumin 
(p = 0.057), however significance at the level of 5% 
was not reached (Table 3 and Figure 3).

Changes in transient elastography
Mean TE scores before treatment initiation were 24.5 ± 
12.5 kPa. After antiviral therapy, TE scores decreased 
in 75% of patients (33/44) and increased in 20% of 
patients (9/44) 12 wk post-treatment. Two patients 
(5%) had no change in TE scores. Four patients had a 
relapse of HCV infection as well as a decrease in liver 
stiffness measured at that time (Figure 2B).

DISCUSSION
Interferon-free combinations of DAAs have profoundly 
improved the efficacy and safety of HCV treatment in 
patients with cirrhosis, which is the group of patients 
most difficult to cure. Overall response rates to DAA-
based therapies in our patient group were high at 88% 
(175/199). This is consistent with previously published 
data of DAA treatment regimens in patients with an 
advanced stage of liver disease. However, there is 
restricted comparability of SVR rates of our patients 
with previously published trials, due to differences 
in study populations, including clinical characteristics 
of patients, pre-treatment history and the specific 
treatment plans and treatment duration. For patients 
with genotype 1 infection treated with SOF + LDV for 
12 wk, in the ION-1 trial SVR was achieved in 97% of 
previously untreated patients and in the ION-2 trial 
in 93% of treatment-experienced patients. However, 
the ION-1 and ION-2 trial included only 15%-20% 
of patients with cirrhosis[29,30]. In the TURQUOISE-II 
trial, 191 (92%) of 208 treatment-naive or treatment-

with genotype 2 infection (4/7) reached SVR 12. Among 
30 patients with genotype 3 infection, the SVR 12 rate 
was 87% (26/30) and among 6 patients with genotype 
4 infection, the SVR 12 rate was 67% (4/6) (Figure 
1). Anti-viral treatment in our patient group was well 
tolerated. However, one patient treated with PTV/r + 
OMV + DSV ± RBV presented with acute liver failure 
within 10 d of treatment initiation. Therefore, antiviral 
therapy was terminated at this time. Deterioration 
of liver function was associated with a worsening of 
the MELD score from 12 to 29. This patient received 
a liver transplant within a short period of time with 
subsequently undetectable HCV RNA on follow-ups. 

Changes in liver function
The MELD score consists of international normalized 
ratio (INR), serum bilirubin and creatinine levels[28]. 
At treatment initiation, the mean MELD score in our 
cohort was 9 ± 3 and the respective variables were 
as follows: INR was 1.34 ± 0.78; bilirubin was 1.4 ± 
0.9 mgdl-1 and creatinine 0.80 ± 0.22 mgdl-1. Of all 
patients, 130 (65%) had a MELD score <10; 59 (30%) 
had a MELD score in the range of 10-15; and 10 (5%) 
had a MELD score >15. At 12 wk post-treatment, 
laboratory data were available for 179 patients. The 
average MELD score in the total number of our studied 
patients remained unchanged with 9 ± 3 at 12 wk 

Table 1  Baseline characteristics of the study population

Demographics Value

Age (yr) 59 ± 10 (27-83)
Male gender 133 (67)
HCV genotype 
   1a 47 (23)
   1b 100 (50)
   1 (no confirmed subtype) 9 (5)
   2 7 (4)
   3 30 (15)
   4 6 (3)
Viral load 106 (IU/mL) 2.04 ± 3.46 (0.01-34.50)
Treatment history
   Treatment naive 86 (43)
   Treatment experienced 113 (57)
   Protease inhibitor experienced 8 (4)
Liver/renal status
   Platelets (103/µL) 116 ± 61 (26-341)
   Total bilirubin (mg/dL) 1.4 ± 0.9 (0.2-5.7)
   INR 1.34 ± 0.78 (0.40-5.70)
   Creatinine (mg/dL) 0.80 ± 0.22 (0.43-1.96)
   TE score (kPa)1 24.5 ± 12.5 (5.5-75)
Average MELD score 9 ± 3 (6-23)
MELD score
   < 10 130 (65)
   10-15 59 (30)
   > 15 10 (5)
Child-Pugh score
   A 152 (76)
   B 40 (20)
   C 7 (4)

Data are expressed as n (%) or means ± SD (range). 1Data available for 112 
patients.
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experienced patients with compensated cirrhosis 
treated for 12 wk with ritonavir-boosted PTV + OMV 
+ DSV achieved SVR[31]. In the SOLAR-1 and SOLAR-2 
trials, including patients with cirrhosis with HCV 
genotype 1 or 4 treated with SOF/LDV + RBV for 12 
or 24 wk, SVR rates were 86% to 89%[22,32]. In the 
SOLAR trials, viral eradication was associated with an 
improvement of MELD scores, but it is unclear whether 
the benefits were related to viral eradication alone or 
due to a more stringent care of patients at specialized 

centres in the setting of a clinical trial[22,32]. 
In general, randomized controlled trials involve a 

more homogenous cohort of patients with typically 
extensive inclusion and exclusion criteria, while real-
life cohorts represent a more diverse spectrum of 
patients with fewer restrictions. Thus, these cohorts 
help to better understand the risk of virological failure 
in a real-life clinical setting. 

It has to be emphasised that current DAA treat
ments are expensive. Therefore, stratification and 
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Figure 1  Efficacy of treatment. Sustained virological response rates 12 wk after the end of treatment (SVR 12) are shown for patients with HCV genotype 1, 2, 3 or 
4 (A-D). Patients were sub-classified for therapy regime and treatment duration.
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prioritisation of patients by identifying those with the 
most urgent need for therapy and the most likely to 
benefit from therapy are important until treatment 
costs decrease as several effective drugs offering a 

cure are introduced[7]. 
SVR has been shown to reduce both all-cause 

and liver-related mortality from HCV infection among 
patients with cirrhosis[21,33] and also an improvement of 

Table 2  Therapy regime and treatment duration

Therapy regime Treatment duration (wk) GT 1 GT 2 GT 3 GT 4

SOF + RBV 12 2 (1) 5 (3)
SOF + RBV 24 11 (5) 18 (9)
SOF + LDV 12 1 (1)
SOF + LDV + RBV 12 73 (36) 2 (1)
SOF + LDV + RBV 24 14 (6) 3 (2)
SOF + DCV 12 2 (1) 1 (1)
SOF + DCV 24 19 (9)
SOF + DCV + RBV 12 3 (2) 2 (1) 1 (1)
SOF + DCV + RBV 24 3 (2) 7 (3)
SOF + SMV 12 13 (6) 3 (2)
SOF + SMV + RBV 12 2 (1)
PTV/r + OMV + DSV 12 8 (4)
PTV/r + OMV + DSV + RBV 12 6 (3)

Data are expressed as number of patients for each therapy regime (percent of total patients). GT: Genotype, SOF: Sofosbuvir; RBV: Ribavirin; LDV: 
Ledipasvir; DCV: Daclatasvir; SMV: Simeprevir; PTV/r: Paritaprevir/ritonavir; OMV: Ombitasvir; DSV: Dasabuvir.
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the MELD score has been reported[22]. In the SOLAR-2 
study including patients with advanced cirrhosis with 
Child-Pugh class B and C, a majority of patients showed 
an improvement of the MELD score under successful 
DAA therapy[32]. Nevertheless, some patients showed 
no change or even a deterioration of the MELD score 
despite viral clearance.

Considering that not all patients with cirrhosis 
benefit from HCV therapy despite SVR, the key question 
is which patients profit. The Child-Pugh score is a 
prognostic model for liver cirrhosis, which has been a 
useful clinical tool in day-to-day clinical practice for over 
50 years[34]. However, the Child-Pugh score includes 
subjective criteria (ascites and encephalopathy) besides 
the laboratory values of INR, bilirubin and albumin. 
Furthermore, the Child-Pugh score is not as accurate 
in predicting mortality of patients with liver cirrhosis as 
is the MELD score. In contrast to the Child-Pugh score, 
the MELD score has been derived from prospectively 
collected data rather than empirically constructed data. 
Also, the MELD score increases as the three variables 
(INR, bilirubin and creatinine) deteriorate, whereas the 
constituent parameters in the Child-Pugh score remain 
fixed once a defined threshold has been reached[35]. 
Therefore, the MELD score has been established as a 

classification system to determine the urgency for liver 
transplantation. Consequently, we suggest that the 
MELD score also might be a valuable tool in assessing 
the risk and benefit of DAA treatment and might be 
more reliable than the Child-Pugh score. This is in line 
with the results of the study by Foster et al[23], including 
patients with HCV and decompensated cirrhosis 
treated with SOF + LDV or SOF + DCV either with or 
without RBV for a total of 12 wk. This study analysed 
patient characteristics to identify patients most likely to 
benefit from therapy. Regression analysis of baseline 
characteristics and association with MELD change 
yielded baseline MELD score as the only significant 
independent factor[23]. 

However, it should be mentioned that benefits, 
including mortality, even in non-advanced liver disease 
such as low-grade fibrosis have been found in long-
term studies following antiviral treatment[36,37]. 

In a study of the Irish Early Access Programme, 101 
patients with advanced cirrhosis with HCV genotype 
1, 3 or 4 were treated with SOF + LDV ± RBV for 12 
wk. The overall SVR 12 rate for this cohort was 74.3%. 
This data depicts high SVR rates in this difficult to treat 
patient group. However, the authors also reported 
8 deaths, representing an on-treatment mortality in 
patients with Child-Pugh B score at a baseline of 6% 
(4/67), and in patients with Child-Pugh C score at a 
baseline of 21% (4/19). The causes of death for the 
eight patients were: liver failure (n = 2), intracerebral 
haemorrhage (n = 2), sepsis (n = 2), complications 
from a pre-existing hepatocellular carcinoma (n = 1) 
and cardiac arrest (n = 1)[38]. However, with efficacy 
and safety of DAA therapy established in large patient 
cohorts, it appears that in these cases of adverse 
events were caused by the underlying disease 
process[39]. The data of our study support the general 
statement that DAA treatment is safe, even in patients 
with advanced liver disease.

As there was no significant difference in the rate 
of relapse in the group of patients with a MELD score 
increase compared to the group with no change in 
MELD score or with a decrease of the MELD score, the 
risk of a relapse seems to be independent of functional 

Table 3  Predictors of functional benefit (MELD score decrease) following antiviral therapy based on patient baseline characteristics

Baseline parameters MELD decrease P  value (univariable) P  value (multivariable3) OR (95%CI)

Yes (n  = 78, 44%) No (n  = 101, 56%)
Age (yr) 59 ± 9 59 ± 9 0.9781 0.815 0.996 (0.961-1.032)
Child-Pugh A 53 (38) 86 (62) 0.0062 0.592 1.327 (0.472-3.725)
Child-Pugh B/C 25 (62) 15 (38)
MELD 10 ± 3 8 ± 3 < 0.0011 0.082 1.177 (0.980-1.414)
Creatinine (mg/dL) 0.8 ± 0.3 0.9 ± 0.8 0.3441 - -
Platelets (/nL) 104 ± 56 126 ± 64 0.0141 0.617 0.998 (0.992-1.005)
Albumin (g/L) 36.7 ± 5.2 39.9 ± 4.9 < 0.0011 0.057 0.928 (0.860-1.002)
Bilirubin (mg/dL) 1.6 ± 1.0 1.1 ± 0.8 < 0.0011 0.739 1.096 (0.638-1.883)

Data are expressed as n (%) or means ± SD (range). Baseline and follow-up data at 12 wk after the end of treatment was available for n = 179 patients. 1t-test; 
2Chi-square-test; 3Multivariable logistic regression.
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Figure 3  MELD score as a predictor of functional benefit of antiviral 
therapy.
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hepatic changes during therapy. 
Transient elastography measurements are esta

blished for fibrosis and cirrhosis assessment in patients 
with HCV infection[5,6,40,41]. However, experience in the 
change of transient elastography following antiviral 
therapy is still limited. We observed a decrease of 
transient elastography measures in 75% of patients 
(33/44) following antiviral therapy. A recent study 
showed a significant reduction of liver stiffness assessed 
by transient elastography only for patients who achieve 
SVR[42]. However, in our patient cohort, four patients 
with a relapse presented with a decrease of transient 
elastography measures. It remains to be further 
examined whether the changes in liver stiffness indicate 
a regression of fibrosis or an attenuation of chronic liver 
inflammation caused by HCV replication. These results 
have to be validated in a larger cohort of patients, and 
it has to be determined whether these early changes 
persist with a longer follow-up time interval.

In conclusion, novel treatment algorithms with 
DAAs for chronic HCV infection yield excellent results 
even in a patient population with cirrhosis. However, 
it may be useful to pinpoint parameters to identify 
those patients who will actually benefit clinically from 
antiviral therapy beyond viral eradication. Our results 
suggest that the Child-Pugh score, the MELD score, 
the number of platelets and the levels of albumin 
and bilirubin may be predictors of functional benefit 
from DAA-based therapy. This association may serve 
as another tool for health care providers to discuss 
treatment options and assess the risks and benefits of 
antiviral therapy with patients on an individual basis.

ARTICLE HIGHLIGHTS
Research background
To improve patient care by assisting health care professionals in the decision-
making process for treatment of patients infected with hepatitis C virus (HCV).

Research motivation
Direct-acting antivirals (DAAs) have recently opened up promising new 
therapeutic options for patients with chronic HCV infection. Nevertheless, in 
order to study the efficacy of these regimens, especially in difficult-to-treat 
patient populations, such as patients with liver cirrhosis, real-life data is needed.

Research objectives
We investigated patients in our real-life cohort from two tertiary referral centres 
in Germany. We analysed data from patients with HCV infection and liver 
cirrhosis to evaluate predictors of functional benefit for identifying patients 
profiting most of antiviral therapy beyond HCV eradication.

Research methods
Predictors of functional benefit were determined in a univariable as well as 
multivariable model assessed by binary logistic regression analysis. For 
reasons of validity of the logistic regression analysis (relative to the number of 
outcome events), a maximum of 7 clinically relevant variables was selected.

Research results
Our results indicate that the Child-Pugh score, the MELD score, the number of 
platelets and the levels of albumin and bilirubin may be predictors of functional 
benefit from DAA-based therapy, so that these variables may serve as another 

tool to guide antiviral therapy in affected patients.

Research conclusions
With the introduction of DAAs, the indication for therapy for patients with 
HCV infection and with liver cirrhosis has dramatically expanded with vast 
improvements of SVR. However, it remains unclear, which patients profit most 
from antiviral therapy. Therefore, a simple and feasible clinical index may be 
beneficial to evaluate the presumed effect of antiviral therapy before treatment 
initiation. Based on the parameters studied, we suggest the MELD score as 
part of such an evaluation system.

Research perspectives
The ultimate goal of antiviral therapy in patients with HCV infection is to avoid 
hepatic complications such as the development of hepatocellular carcinoma or 
hepatic decompensation. Further research with large patient groups and longer 
observation periods is warranted to define and confirm predictive markers to 
identify patients, which profit clinically most from antiviral therapy beyond viral 
eradication
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Abstract
AIM
To evaluate toxicity and treatment outcome of high-
dose radiotherapy (RT) for cervical esophageal cancer 
(CEC).

METHODS
We reviewed a total of 62 consecutive patients who 
received definitive RT for stage Ⅰ to Ⅲ cervical 
esophageal cancer between 2001 and 2015. Patients 
who received < 45 Gy, treated for lesions below 
sternal notch, treated with palliative aim, treated 
with subsequent surgical resection, or diagnosed with 
synchronous hypopharyngeal cancer were excluded. 
Treatment failures were divided into local (occurring 
within the RT field), outfield-esophageal, and regional 
[occurring in regional lymph node(s)] failures. Factors 
predictive of esophageal stenosis requiring endoscopic 
dilation were analyzed.
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RESULTS
Grade 1, 2, and 3 esophagitis occurred in 19 (30.6%), 
39 (62.9%), and 4 patients (6.5%), respectively, 
without grade ≥ 4 toxicities. Sixteen patients (25.8%) 
developed post-RT stenosis, of which 7 cases (43.8%) 
were malignant. Four patients (6.5%) developed 
tracheoesophageal fistula (TEF), of which 3 (75%) 
cases were malignant. Factors significantly correlated 
with post-RT stenosis were stage T3/4 (P  = 0.001), 
complete circumference involvement (P  < 0.0001), 
stenosis at diagnosis (P  = 0.024), and endoscopic 
complete response (P  = 0.017) in univariate analysis, 
while complete circumference involvement was signifi
cant in multivariate analysis (P  = 0.003). A higher dose 
(≥ 60 Gy) was not associated with occurrence of post-
RT stenosis or TEF. With a median follow-up of 24.3 
(range, 3.4-152) mo, the 2 y local control, outfield eso
phageal control, progression-free survival, and overall 
survival (OS) rates were 78.9%, 90.2%, 49.6%, and 
57.3%, respectively. Factors significantly correlated 
with OS were complete circumference involvement 
(P  = 0.023), stenosis at diagnosis (P  < 0.0001), and 
occurrence of post-RT stenosis or TEF (P  < 0.001) in 
univariate analysis, while stenosis at diagnosis (P  = 
0.004) and occurrence of post-RT stenosis or TEF (P  = 
0.023) were significant in multivariate analysis. 

CONCLUSION
Chemoradiation for CEC was well tolerated, and a 
higher dose was not associated with stenosis. Patients 
with complete circumferential involvement require close 
follow-up.

Key words: Chemoradiotherapy; Post-radiotherapy 
stenosis; High-dose radiotherapy; Cervical esophageal 
cancer

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study reports the outcome and toxicity 
of high dose (median 63 Gy) radiotherapy for cervical 
esophageal cancer. Post-RT stenosis and tracheoeso
phageal fistula rates were 26% and 6.5%, respectively. 
Stenosis at diagnosis and post-RT stenosis/fistula was 
significantly associated with overall survival. Complete 
circumference involvement was significantly associated 
with post-RT stenosis but dose higher than 60 Gy was 
not.

Kim JW, Kim TH, Kim JH, Lee IJ. Predictors of post-treatment 
stenosis in cervical esophageal cancer undergoing high-dose 
radiotherapy. World J Gastroenterol 2018; 24(7): 862-869  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i7/862.htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i7.862

INTRODUCTION
Carcinoma of the cervical esophagus is uncommon and 

accounts for 2%-10% of all esophageal carcinomas[1]. 
Squamous cell carcinoma (SCC) is predominant in the 
proximal esophagus, and the highest rates of SCC are 
found in East Asia and Southern Africa[2]. There are 
no prospective clinical trials to establish the standard 
care for cervical esophageal cancer (CEC). Because 
CEC is located between the cricopharyngeal muscle 
and the sternal notch, the surgical procedure to CEC is 
extensive, such as pharyngo-laryngo-esophagectomy[3], 
resulting in permanent tracheostomy and significant 
deterioration of quality of life[4]. Concurrent chemo
radiotherapy (CRT) has emerged as the preferred 
treatment modality for CEC[5]. Common toxic effects of 
definitive CRT for CEC include dysphagia, dehydration, 
mucositis, esophagitis, dermatitis, and fatigue[6]. Late 
toxic effects, such as stricture and fistulas may also 
occur[7,8].

Because of its anatomical proximity to the hypoph
arynx, CRT protocols for CEC are somewhat analog
ous to those for hypopharyngeal cancer[6]. However, 
unlike locally advanced SCC of the hypopharynx which 
requires 70 Gy in 35 fractions for definitive CRT[9], the 
standard dose of CRT for esophageal cancer remains 
50 Gy[5,10]. Although a higher-than-standard dose of 50 
Gy is suggested for CEC[5], the increased dose to the 
esophagus may lead to a higher incidence of severe 
toxicities, including ulcer, perforation, and stenosis[11]. 
Organs at risk for RT planning depend on the site of 
treatment. Radiation pneumonitis and fibrosis are of 
major concern when planning for the thoracic esophagus 
but are of less importance for CEC. Esophageal toxicity 
information from hypopharyngeal cancer treatment is 
of limited value; the radiation field for hypopharyngeal 
cancer includes only a small segment of the cervical 
esophagus, while RT for CEC includes a large segment 
of the esophagus because of expansion of the cranioca
udal margins from the gross tumor and the entire 
esophageal circumference. Reports on the high-dose 
radiation-induced toxicity of CEC are scarce, although 
information can be inferred from the retrospective data 
on head and neck cancer patients experiencing toxicities 
of the proximal esophagus[12]. A toxicity evaluation is 
required before the administration of dose-escalated 
protocols.

We report the outcome and toxicity of definitive 
radiotherapy (RT) for CEC, with an emphasis on the 
identification of clinical variables associated with the 
occurrence of post-RT esophageal stenosis and tracheo
esophageal fistulas (TEF).

MATERIALS AND METHODS
Patients
We retrospectively reviewed a total of 62 consecutive 
patients who received definitive RT for pathologically 
confirmed stage Ⅰ-Ⅲ (American Joint Committee 
on Cancer 7th edition) CEC between 2001 and 2015. 
CEC was defined as a tumor of the esophagus located 
between the inferior border of the cricoid cartilage and 
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the thoracic inlet (suprasternal notch). Tumors with 
the epicenter located below the sternal notch were 
generally considered non-CEC for this study. Patients 
treated with a palliative aim, those who received < 45 
Gy, those treated with subsequent surgical resection, 
or those diagnosed with synchronous hypopharyngeal 
cancer were excluded. All procedures were performed 
in accordance with the Helsinki Declaration of 1975, 
as revised in 1983. This study was approved by the 
institutional review board (4-2017-0027).

Treatment
All patients were treated according to institutional 
protocols, consisting of platinum-based concurrent CRT 
or RT alone if patients could not tolerate chemotherapy. 
The gross tumor volume (GTV) was defined as a visible 
tumor in the esophagus and gross regional lymph node 
metastasis. The initial clinical target volume (CTV1) was 
defined by expansion of the GTV by 4 cm craniocaudally 
and 1-2 cm laterally, as well as bilateral supraclavicular 
lymph nodes inclusion for elective nodal irradiation. The 
initial planning target volume (PTV1) was defined as 
CTV1 plus a 0.5 cm margin in all directions, and 36-45 
Gy in a conventional daily fractionation of 1.8 Gy was 
prescribed for PTV1. The boost CTV (CTV2) included 
the GTV plus a 3-4 cm craniocaudal margin and a 1-2 
cm lateral margin, excluding the elective nodal field. 
PTV2 was obtained by adding a 0.5 cm margin to CTV2 
in all directions and received a total dose of up to 50.4 
Gy, while limiting the maximum spinal cord dose under 
45 Gy. For patients receiving a total dose higher than 
50.4 Gy, an additional boost dose was delivered to 
PTV3, which comprised the GTV with a narrow margin 
of 0.5-1 cm in all directions. Cisplatin (or carboplatin) 
and 5-fluorouracil (5-FU) based chemotherapy was 
used. Two cycles of chemotherapy were administered 
concurrently with RT, followed by 1-6 cycles of 
consolidation chemotherapy[13].

Follow-up and evaluation
Upon completion of concurrent CRT, patients were 
evaluated every 3 mo for the first year and every 6 
mo thereafter with a physical examination, toxicity 
assessment, upper gastrointestinal endoscopy, com
puted tomography (CT) scans of the neck, chest, and 
abdomen, and, when necessary, positron emission 
tomography-CT. Acute and late toxicity was assessed 
using the Radiation Therapy Oncology Group (RTOG) 
criteria. Esophageal stenosis was evaluated using 
esophagography or endoscopy, and significant sten
osis was defined as symptomatic stenosis requiring 
endoscopic dilatation and/or stent insertion. Endoscopic 
complete remission (CR) of the primary tumor was 
defined when all visible tumors disappeared on 
endoscopy and a negative biopsy was conducted, with 
these outcomes lasting for more than 4 wk. Treatment 
failures were divided into local (occurring within the RT 
field), outfield-esophageal, and regional [occurring in 

regional lymph node(s)] failures. Factors predictive of 
esophageal stenosis requiring endoscopic dilation and 
TEF were analyzed.

Statistical analysis
Survival time was measured from the date of diagnosis 
to the date of the first event or the date of death. 
Survival curves were estimated using the Kaplan-Meier 
method, and multivariate analysis was performed 
using the Cox proportional hazard model. Correlation 
between clinical variables and post-RT occurrence of 
esophageal stenosis/TEF was performed using the 
χ 2 test. A P value < 0.05 was indicative of statistical 
significance.

RESULTS
Patient characteristics
The median age was 66 (range, 29-86) years, and SCC 
was predominant (90.3%). The numbers of patients 
with T1, T2, T3, and T4 disease were 14 (22.6%), 6 
(9.7%), 30 (48.4%), and 12 (19.3%), respectively. The 
median length of tumor involvement of the esophagus 
was 5.0 (range, 1-14) cm, and 22 patients had a tumor 
involving 100% of the esophageal circumference. 
The median biologically equivalent RT dose in 1.8-Gy 
fraction was 63 (range, 45-90) Gy. Two of the patients 
received a total dose of 81 Gy and 90 Gy each because 
a boost RT (18-27 Gy) was delivered to the residual 
tumor 1-2 mo after 63 Gy. Sixty patients (96.8%) were 
treated with concurrent chemotherapy (Table 1).

Toxicity and risk factors
Grade 1, 2, and 3 esophagitis occurred in 19 (30.6%), 
39 (62.9%), and 4 patients (6.5%), respectively, 
without grade 4 or 5 toxicities. Sixteen patients 
(25.8%) developed stenosis requiring dilation within 
a median of 5.5 mo (range 1.1-22.5) after RT, among 
which 7 cases (11.3%) were malignant strictures. 
Four patients (6.5%) developed TEF within a median 
of 2.6 mo (range 1.8-5.8) after RT, 3 (4.8%) of which 
were malignant fistulas (Table 2). Factors showing a 
significant correlation with post-RT stenosis requiring 
dilation were T3/4 disease (vs T1/2) (P = 0.001), 
100% circumference involvement (vs < 100%) (P < 
0.0001), stenosis at diagnosis (vs none) (P = 0.024), 
and endoscopic CR (vs < CR) (P = 0.017) in univariate 
analysis. A higher dose (≥ 60 Gy) was not associated 
with post-RT stenosis (P = 0.515). Only 100% 
circumference involvement was significantly associated 
with stenosis in multivariate analysis (P = 0.003) 
(Table 3). Factors showing significant correlation with 
either post-RT stenosis requiring dilatation or TEF were 
T3/4 (vs T1/2) (P < 0.0001), 100% circumference 
involvement (vs < 100%) (P < 0.0001), stenosis at 
diagnosis (vs none) (P = 0.023), and endoscopic CR 
(vs < CR) (P = 0.001) in univariate analysis. Higher 
dose (≥ 60 Gy) was not associated with post-RT 
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patients (Supplementary Table 2).

Treatment outcome and prognostic factors
Twenty-seven patients were alive at the time of 
diagnosis. The median follow-up was 24.3 (range, 
3.4-152) mo for all patients and 67.8 (range, 17.8-152) 
mo for surviving patients. An endoscopic CR was 
achieved in 39 patients (62.9%). A total of 34 patients 
experienced treatment failures: 7 local, 3 outfield 
esophageal, 6 regional, 11 distant, 2 concurrent local and 
regional, 1 concurrent outfield esophageal and regional, 
3 concurrent local and distant, and 1 concurrent outfield 
esophageal, regional, and distant failure (Supplementary 
figure 1). The 2-year local failure-free (LFFS), outfield 
esophageal failure-free, regional failure-free, distant 
metastasis-free, progression-free, and overall survival 
(OS) rates were 78.9%, 90.2%, 79.5%, 72.7%, 49.6%, 
and 57.3%, respectively. T3/4 stage (P = 0.050), 
stenosis at diagnosis (P = 0.025), and RT stenosis or 
TEF (P = 0.001) showed a correlation with LFFS in 
univariate analysis. Only the occurrence of RT stenosis 

stenosis or TEF (P = 0.259). Both 100% circumfer
ence involvement (P = 0.002) and endoscopic CR 
(P = 0.035) were significantly associated with the 
occurrence of post-RT stenosis or TEF in multivariate 
analysis (Supplementary Table 1). Table 4 summarizes 
the clinical variables and treatment outcomes among 
the 19 patients who developed post-RT stenosis 
requiring dilatation or TEF. Nine of these patients had 
endoscopic findings of total esophageal obstruction at 
the time of diagnosis and 10 patients had dysphagia 
symptoms only. Seven of the 8 patients (87.5%) who 
developed non-malignant post-RT stenosis and 5 of 
the 7 patients (71.4%) who developed malignant 
post-RT stenosis initially had 100% circumferential 
esophageal involvement by the tumor. Four patients 
with post-RT TEF showed a CR or partial response (PR) 
and developed fistulas within 6 mo after completion 
of RT. Of the 17 patients who initially had endoscopic 
finding of total obstruction at the time of diagnosis, 
post-RT stenosis requiring dilatation was reported in 8 
patients (3 malignant stenosis) and malignant TEF in 2 

Table 1  Demographic and treatment data (n  = 62)

Characteristics n  (%)

Sex Female:Male 4:58 (6.5:93.5)
Age Median 66 yr (range 29-86)
Pathology Squamous cell carcinoma 56 (90.3)

Adenocarcinoma 2 (3.2)
Other 4 (6.5)

T stage T1 14 (22.6)
T2 6 (9.7)
T3 30 (48.4)
T4 12 (19.3)

Regional node metastasis N0 14 (22.6)
N+ 48 (77.4)

Tumor length Median 5.0 cm (range 1-14)
Total length of skip lesions Median 5.0 cm (range 1-20)
Involved circumference < 100% 40 (64.5)

100% 22 (35.5)
Stenosis at diagnosis No 45 (72.6)

Yes 17 (27.4)
Radiation dose (EQD1.8) Median 63 Gy (range 45-90)
Concurrent chemotherapy Yes 60 (96.8)

No 2 (3.2)
Endoscopic response CR 39 (62.9)

< CR 23 (37.1)

EQD1.8: Biologically equivalent dose in 1.8 Gy fractions; CR: Complete response.

Table 2  Post-radiotherapy toxicity profile

Toxicity n  (%) RT-event interval (mo)

Esophagitis RTOG Gr 1 19 (30.6)
RTOG Gr 2 39 (62.9)
RTOG Gr 3 4 (6.5)

RT stenosis1 All 16 (25.8) Median 5.5 (range 1.1-22.5)
Malignant 7 (11.3)

T-E fistula All 4 (6.5) Median 2.6 (range 1.8-5.8)
Malignant 3 (4.8)

1Stenosis requiring dilatation. RTOG: Radiation therapy oncology group; T-E: Tracheoesophageal; Gr: Grade; RT: Radiotherapy.
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or TEF showed a trend towards poor LFFS in multivariate 
analysis (P = 0.066) (Supplementary Table 3 and Figure 
1A). Factors showing significant correlations with OS 
were 100% circumference involvement (P = 0.023), 
stenosis at diagnosis (P < 0.0001), and occurrence 
of radiation induced stenosis or TEF (P < 0.001) in 
univariate analysis. Both stenosis at diagnosis (P = 0.004) 

and occurrence of RT stenosis or TEF (P = 0.023) were 
significantly associated with OS in multivariate analysis 
(Supplementary Table 4 and Figure 1B). 

DISCUSSION
The most common radiation-induced late esophageal 

Table 3  Factors influencing occurrence of post-radiotherapy stenosis n  (%)

Characteristics No. of Patients Stenosis P  value

No Yes Univariate Multivariate
Age
   ≤ 65 30 24 (80) 6 (20) 0.236
   > 65 32 22 (69) 10 (31)
T stage
   T1/2 20 20 (100) 0 0.001 0.998
   T3/4 42 26 (62) 16 (38)
Involved circumference
   < 100% 40 37 (93) 3 (7) < 0.0001 0.003
   100% 22 9 (41) 13 (59)
Total length
   < 5.0 28 22 (79) 6 (921) 0.338
   ≥ 5.0 34 24 (71) 10 (29)
Stenosis at diagnosis
   No 45 37 (82) 8 (18) 0.024 0.995
   Yes 17 9 (53) 8 (47)
Dysphagia at diagnosis
   ≤ 1 mo 36 30 (83) 6 (17) 0.051
   > 1 mo 26 16 (62) 10 (38)
RT dose
   ≥ 60 Gy 37 27 (73) 10 (27) 0.515
   < 60 Gy 25 19 (76) 6 (24)
Endoscopic response
   CR 39 33 (85) 6 (15) 0.017 0.740
   < CR 23 13 (56) 10 (44)

RT: Radiotherapy; CR: Complete response.

Table 4  Patients with post-radiotherapy stenosis or tracheoesophageal fistula (n  = 19)

Age/Sex T stage Involve circumf Initial stenosis/ management RT (Gy) Response Toxicity (onset, mo) Outcome (mo)

29/F T3 100% Dysphagia only 59.4 CR Stenosis (20) NED, alive (152)
70/M T3 100% Total obst/none 59.4 PR Stenosis (5) DOOC (12)
64/M T4a 100% Dysphagia only 63.0 PR Stenosis (1) DM (5), DOD (7)
68/F T3 100% Dysphagia only 63.0 CR Stenosis (1) NED, alive (21)
75/M T3 100% Total obst/none 63.0 PR Stenosis (2) DOOC (22)
60/F T4b 100% Total obst/stent 70.0 CR Stenosis (4) NED, alive (23)
68/M T3 100% Dysphagia only 70.2 SD Stenosis (6) InF (8), DOD (14)
73/M T4b 75% Total obst/stent 90.01 PR Stenosis (11) DM (13), DOD (17)
64/M T3 100% Dysphagia only 50.4 PR Stenosis2 (9) InF (17), DOD (20)
69/M T4b 100% Total obst/stent 50.4 SD Stenosis2 (2) DOOC (5)
64/M T4a 100% Dysphagia only 59.4 PR Stenosis2 (7) DM (3)/InF (9), DOD (11)
68/M T3 100% Total obst/none 63.0 PR Stenosis2 (2) DM (3), DOD (5)
73/M T3 100% Total obst/PEG 63.0 PR Stenosis2 (22) InF (16), DOD (31)
75/M T3 40% Dysphagia only 57.6 CR Stenosis2 (14) InF (7), DOD (31)
74/M T3 50% Dysphagia only 81.01 CR Stenosis2 (9) InF (9), DOD (16)
57/M T3 100% Dysphagia only 63.0 PR TEF (3) OutF (8), DOD (9)
57/M T3 100% Total obst/stent 60.0 CR Stenosis (1)/TEF2 (6) InF (8), DOD (14)
72/M T3 100% Total obst/stent 63.0 PR TEF2 (2) DOOC (5)
51/M T3 40% Dysphagia only 63.0 PR TEF2 (2) RF (4), DOD (6)

1Boost RT (18-27 Gy) was delivered to residual tumor 1-2 mo after 63 Gy. 2Malignant complications. Involve circumf: Percent of esophageal circumference 
involved by tumor; RT: Radiotherapy; obst: Obstruction; PEG: Percutaneous endoscopic gastrostomy; CR: Complete response; PR: Partial response; SD: 
Stable disease; InF: Infield failure; OutF: Outfield failure; RF: Regional failure; DM: Distant metastasis; DOD: Died of disease; DOOC: Died of other cause; 
NED: No evidence of disease; TEF: Tracheoesophageal fistula.
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toxicity is dysphagia due to dysmotility and esophageal 
stricture[14], and these complications can result from 
muscular damage, submucosal fibrosis, and possibly 
nerve damage[15]. Unlike the lower esophagus, the 
proximal esophagus is composed predominantly of 
striated muscles, and conscious, voluntary swallowing 
is the key function in this part of the organ. Thus, 
stricture after RT rather than impaired peristalsis and 
involuntary swallowing may be the main cause of 
dysphagia in the cervical esophagus.

Toxicity evaluation of higher-than-standard-dose 
RT for CEC was necessary, and the primary objective 
of the current study was to determine clinical factors 
associated with the development of post-RT stenosis 
and TEF. Although most of the patients (96.8%) were 
treated with standard cisplatin and 5-FU-based CRT, 
the radiation dose used for the current study, at a 
median of 63 (range, 45-90) Gy, was significantly 
higher than the standard dose of 50 Gy. In the current 
study, preservation of the esophageal passage, either 
pre-RT (at diagnosis) stenosis (P = 0.004) or post-
RT stenosis/TEF (P = 0.023), was an independent 
prognostic factor associated with OS, suggesting that 
resolution of the initial stenosis and prevention of post-
treatment stenosis are indeed important in prolonging 
patients’ survival.

The esophagus is a hollow viscous organ with a 
tubular structure and it functions in series, such that 
destruction of the complete circumference of a small 
volume of esophagus could result in dysfunction of 
the entire organ. Unlike treating head and neck or 
lung cancers, full circumferential treatment of the 
esophagus cannot be avoided when treating tumors 
originating in the esophagus. Maguire et al[16] observed 
that patients who received > 80 Gy to any portion 
of the entire organ circumference had an increased 
risk of late toxicity in multivariate analysis. Although 
a higher dose to the esophagus increases the risk of 
severe complications, the application of more than 50 

Gy may improve local control. In the current study, the 
highest dose we prescribed was 63 Gy except for the 
2 patients who received a boost dose of 18 Gy and 27 
Gy to the residual tumor. Although this is not a dose-
escalation study, 63 Gy may be safely delivered to the 
cervical esophagus without causing severe toxicities.

It should be noted that, while 16 patients (25.8%) 
developed post-RT stenosis requiring dilation and 4 
patients (6.5%) developed TEF, 7 (44%) and 3 (75%) 
patients were because of persistent or recurrent 
malignancy, respectively. Clinically diagnosed post-RT 
stricture may grossly overestimate the risk of radiation 
induced stenosis and may be an early sign of tumor 
recurrence[17]. In fact, only complete circumferential 
tumor involvement was an independent predictor of 
post-RT stenosis, while T stage, stenosis at diagnosis, 
and a higher dose (≥ 60 Gy) were not (Table 3). 
When both post-RT stenosis and TEF were consider
ed, complete circumference tumor involvement and 
endoscopic CR were both independent predictors 
(Supplementary Table 1). Considering that 75% of TEF 
cases were malignant and occurred within the first 6 
mo after completion of RT and after achieving a CR 
or PR, a rapid response to CRT, rather than a higher 
radiation dose, may be a contributing factor to the 
development of post-RT TEF.

A study by Atsumi et al[18] suggested that esoph
ageal stenosis is associated with tumor regression after 
RT. In this study, 109 patients who achieved a CR after 
definitive CRT were evaluated with esophagography 
within 3 mo after completion of RT; and T stage, 
extent of involved circumference, and wall thickness 
of the tumor region were significantly correlated with 
esophageal stenosis in multivariate analysis[18]. Luminal 
narrowing of the esophagus after RT is largely due 
to fibrosis and inflammation of the submucosal and 
muscular layers[19,20]. These processes accompany 
infiltration of inflammatory cells[21] and probably include 
accumulation of macrophages with increased local levels 
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Figure 1  Comparison of local failure-free survival (A) and overall survival (B) between patients who experienced post-radiotherapy stenosis or 
tracheoesophageal fistula and those who did not. TEF: Tracheoesophageal fistula.
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of proinflammatory cytokines induced by radiation[22,23]; 
this, in turn, produces edema and fibrosis in the su
bmucosal and underlying muscular layers. These 
processes may be much more pronounced in and around 
the shrinking tumors that respond well to RT[18], which 
may explain the significant correlation between complete 
circumferential involvement and post-RT stenosis in our 
study.

Our study showed that, although pre- and post-RT 
stenosis was a prognostic factor for patients’ survival, 
complete circumference involvement rather than a 
higher radiation dose was the key contributing factor. 
In clinical practice, physicians are often tempted to 
prescribe a higher-than-standard dose of 50 Gy for 
esophageal cancer, especially when it is expected that 
the patient is unable to undergo surgical resection 
because of tumor location, poor generalized condition, 
or patient’s refusal for surgery. Our data suggests that 
patients with cervical esophageal cancer may undergo 
radiotherapy of up to 63 Gy without increasing the 
risk of radiation-induced toxicities. Since prospective 
data is lacking, our study warrants a prospective 
trial to investigate toxicity and efficacy of high-dose 
radiotherapy for cervical esophageal cancer.

In conclusion, CRC for CEC was well tolerated, 
and a higher dose was not associated with post-RT 
stenosis. Patients with complete circumferential tumor 
involvement at diagnosis require close follow-up.

ARTICLE HIGHLIGHTS
Research background
The surgical procedure for cervical esophageal cancer (CEC) is extensive, 
and concurrent chemoradiotherapy (CRT) is the preferred treatment modality. 
Although a higher-than-standard dose of 50 Gy is suggested for CEC, the 
increased dose may lead to a higher incidence of severe toxicities, such as 
ulcer, perforation and stenosis.

Research motivation
Clinical data on radiotherapy with increased dose for CEC are scarce, and 
a toxicity evaluation is required before the administration of dose-escalated 
protocols.

Research objectives
To evaluate toxicity and treatment outcome of high dose radiotherapy for 
CEC, and to determine the factors associated with post-treatment esophageal 
stenosis.

Research methods 
In this study, the authors reviewed 62 consecutive patients who received 
definitive RT for stage Ⅰ to Ⅲ cervical esophageal cancer between 2001 
and 2015. Patients (received < 45 Gy) treated for lesions below sternal notch, 
treated with palliative aim and subsequent surgical resection, or diagnosed 
with synchronous hypopharyngeal cancer were excluded. Treatment failures 
were divided into local, outfield-esophageal, and regional failures. The factors 
predictive of esophageal stenosis requiring endoscopic dilation were analyzed.

Research results
With a median follow-up of 24.3 (range, 3.4-152) mo, the 2-year local control, 
outfield esophageal control, progression-free survival, and overall survival 
(OS) rates were 78.9%, 90.2%, 49.6%, and 57.3%, respectively. Grade 1, 2, 

and 3 esophagitis occurred in 19 (30.6%), 39 (62.9%), and 4 patients (6.5%), 
respectively, without grade ≥ 4 toxicities. Sixteen patients developed post-
RT stenosis, of which 7 cases were malignant. Four patients developed 
tracheoesophageal fistula (TEF), of which 3 cases were malignant. Factors 
significantly correlated with OS were complete circumference involvement, 
stenosis at diagnosis, and occurrence of post-RT stenosis or TEF in univariate 
analysis, while stenosis at diagnosis and occurrence of post-RT stenosis or 
TEF were significant in multivariate analysis. Factors significantly correlated 
with post-RT stenosis were stage T3/4, complete circumference involvement, 
stenosis at diagnosis, and endoscopic complete response in univariate analysis, 
while complete circumference involvement was significant in multivariate 
analysis. A higher dose (≥ 60 Gy) was not associated with the occurrence of 
post-RT stenosis or TEF.

Research conclusions 
This study showed that, although pre- and post-RT stenosis was a prognostic 
factor for patients’ survival, complete circumference involvement rather than a 
higher radiation dose was the key contributing factor, and suggesting that CEC 
can be treated with higher than the current standard dose of 50 Gy. CRT for 
CEC was well tolerated, and patients with complete circumferential involvement 
require close follow-up.

Research perspectives 
The data suggests that patients with CEC may undergo radiotherapy of up to 63 
Gy without increasing the risk of radiation-induced toxicities. Since prospective 
data is lacking, our study warrants a prospective trial to investigate toxicity and 
efficacy of high-dose radiotherapy for CEC.

ACKNOWLEDGMENTS
This study was selected for a poster presentation at 
the 59th Annual Meeting of the American Society for 
Radiation Oncology (ASTRO), San Diego, CA, United 
States September 2017.

REFERENCES
1	 Lee DJ, Harris A, Gillette A, Munoz L, Kashima H. Carcinoma of 

the cervical esophagus: diagnosis, management, and results. South 
Med J 1984; 77: 1365-1367 [PMID: 6494955]

2	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. 
Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108 
[PMID: 25651787 DOI: 10.3322/caac.21262]

3	 Grass GD, Cooper SL, Armeson K, Garrett-Mayer E, Sharma A. 
Cervical esophageal cancer: a population-based study. Head Neck 
2015; 37: 808-814 [PMID: 24616217 DOI: 10.1002/hed.23678]

4	 Archibald S, Young JE, Thoma A. Pharyngo-cervical esophageal 
reconstruction. Clin Plast Surg 2005; 32: 339-346, vi [PMID: 
15979473 DOI: 10.1016/j.cps.2005.01.002]

5	 Esophageal and esophagogastric junction cancers. NCCN 
guidelines Version 3.2017: 2017: September 28, 2017. Available 
from: URL: https://www.nccn.org/professionals/physician_gls/pdf/
esophageal.pdf

6	 Hoeben A, Polak J, Van De Voorde L, Hoebers F, Grabsch HI, 
de Vos-Geelen J. Cervical esophageal cancer: a gap in cancer 
knowledge. Ann Oncol 2016; 27: 1664-1674 [PMID: 27117535 
DOI: 10.1093/annonc/mdw183]

7	 Gkika E, Gauler T, Eberhardt W, Stahl M, Stuschke M, Pöttgen 
C. Long-term results of definitive radiochemotherapy in locally 
advanced cancers of the cervical esophagus. Dis Esophagus 2014; 
27: 678-684 [PMID: 24147973 DOI: 10.1111/dote.12146]

8	 Wang SL, Liao Z, Liu H, Ajani J, Swisher S, Cox JD, Komaki 
R. Intensity-modulated radiation therapy with concurrent 
chemotherapy for locally advanced cervical and upper thoracic 
esophageal cancer. World J Gastroenterol 2006; 12: 5501-5508 
[PMID: 17006988 DOI: 10.3748/wjg.v12.i34.5501]

9	 Head and Neck Cancers. NCCN guidelines Version 2.2017, 2017: 

 ARTICLE HIGHLIGHTS

Kim JW et al . Predictors of post-radiotherapy esophageal stenosis



869 February 21, 2018|Volume 24|Issue 7|WJG|www.wjgnet.com

September 28, 2017. Available from: URL: https://www.nccn.org/
professionals/physician_gls/pdf/head-and-neck.pdf 

10	 Minsky BD, Pajak TF, Ginsberg RJ, Pisansky TM, Martenson 
J, Komaki R, Okawara G, Rosenthal SA, Kelsen DP. INT 0123 
(Radiation Therapy Oncology Group 94-05) phase III trial of 
combined-modality therapy for esophageal cancer: high-dose 
versus standard-dose radiation therapy. J Clin Oncol 2002; 20: 
1167-1174 [PMID: 11870157 DOI: 10.1200/JCO.2002.20.5.1167]

11	 Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrider 
JE, Shank B, Solin LJ, Wesson M. Tolerance of normal tissue to 
therapeutic irradiation. Int J Radiat Oncol Biol Phys 1991; 21: 
109-122 [PMID: 2032882]

12	 Chen AM, Li BQ, Jennelle RL, Lau DH, Yang CC, Courquin J, 
Vijayakumar S, Purdy JA. Late esophageal toxicity after radiation 
therapy for head and neck cancer. Head Neck 2010; 32: 178-183 
[PMID: 19536858 DOI: 10.1002/hed.21164]

13	 Kim HW, Kim JH, Lee IJ, Kim JW, Lee YC, Lee CG, Park JJ, 
Youn YH, Park H. Local control may be the key in improving 
treatment outcomes of esophageal squamous cell carcinoma 
undergoing concurrent chemoradiation. Digestion 2014; 90: 
254-260 [PMID: 25531173 DOI: 10.1159/000368983]

14	 Werner-Wasik M. Treatment-related esophagitis. Semin Oncol 
2005; 32: S60-S66 [PMID: 16015537]

15	 Vanagunas A, Jacob P, Olinger E. Radiation-induced esophageal 
injury: a spectrum from esophagitis to cancer. Am J Gastroenterol 
1990; 85: 808-812 [PMID: 2371980]

16	 Maguire PD, Sibley GS, Zhou SM, Jamieson TA, Light KL, 
Antoine PA, Herndon JE 2nd, Anscher MS, Marks LB. Clinical 
and dosimetric predictors of radiation-induced esophageal toxicity. 
Int J Radiat Oncol Biol Phys 1999; 45: 97-103 [PMID: 10477012]

17	 Hazard L, Minsky B. Esophagus In: Shrieve D, Loeffler J. Human 

Radiation Injury. 1st ed. Philadelphia, PA: Lippincott Williams 
Wilkins, 2011: 403-420

18	 Atsumi K, Shioyama Y, Arimura H, Terashima K, Matsuki T, 
Ohga S, Yoshitake T, Nonoshita T, Tsurumaru D, Ohnishi K, 
Asai K, Matsumoto K, Nakamura K, Honda H. Esophageal 
stenosis associated with tumor regression in radiotherapy for 
esophageal cancer: frequency and prediction. Int J Radiat Oncol 
Biol Phys 2012; 82: 1973-1980 [PMID: 21477944 DOI: 10.1016/
j.ijrobp.2011.01.047]

19	 Seaman WB, Ackerman LV. The effect of radiation on the 
esophagus; a clinical and histologic study of the effects produced 
by the betatron. Radiology 1957; 68: 534-541 [PMID: 13432180 
DOI: 10.1148/68.4.534]

20	 Berthrong M, Fajardo LF. Radiation injury in surgical pathology. 
Part II. Alimentary tract. Am J Surg Pathol 1981; 5: 153-178 
[PMID: 7013506]

21	 Papazian A, Capron JP, Ducroix JP, Dupas JL, Quenum C, Besson 
P. Mucosal bridges of the upper esophagus after radiotherapy for 
Hodgkin’s disease. Gastroenterology 1983; 84: 1028-1031 [PMID: 
6832554]

22	 Handschel J, Sunderkötter C, Prott FJ, Meyer U, Kruse-Lösler 
B, Joos U. Increase of RM3/1-positive macrophages in radiation-
induced oral mucositis. J Pathol 2001; 193: 242-247 [PMID: 
11180172 DOI: 10.1002/1096-9896(2000)9999:9999<::AID-
PATH754>3.0.CO;2-P]

23	 Sonis ST, Peterson RL, Edwards LJ, Lucey CA, Wang L, Mason 
L, Login G, Ymamkawa M, Moses G, Bouchard P, Hayes LL, 
Bedrosian C, Dorner AJ. Defining mechanisms of action of 
interleukin-11 on the progression of radiation-induced oral 
mucositis in hamsters. Oral Oncol 2000; 36: 373-381 [PMID: 
10899677]

P- Reviewer: Arigami T, Kato H, Ono T    S- Editor: Wang JL    
L- Editor: A    E- Editor: Huang Y

Kim JW et al . Predictors of post-radiotherapy esophageal stenosis



Esophageal metastasis of stem cell-subtype hepatocholangio
carcinoma: Rare presentation of a rare tumor

Maëva Salimon, Nicolas Chapelle, Tamara Matysiak-Budnik, Jean-François Mosnier, Eric Frampas, Yann Touchefeu

Maëva Salimon, Nicolas Chapelle, Tamara Matysiak-Budnik, 
Yann Touchefeu, Institut des Maladies de l’Appareil Digestif, 
Nantes University Hospital, Nantes 44000, France

Jean-François Mosnier, Department of Pathology, Nantes 
University Hospital, Nantes 44000, France 

Eric Frampas, Department of Radiology, Nantes University 
Hospital, Nantes 44000, France

ORCID number: Maëva Salimon (0000-0001-9155-0128); 
Nicolas Chapelle (0000-0003-4834-9693); Tamara Matysiak-
Budnik (0000-0003-0780-6261); Jean-François Mosnier (0000 
-0003-2637-3641); Eric Frampas (0000-0002-8414-6626​); Yann 
Touchefeu (0000-0001-8421-3182).

Author contributions: Salimon M and Touchefeu Y designed 
the research; Salimon M, Chapelle N, Mosnier JF and Frampas 
E performed the research; Salimon M, Matysiak-Budnik T and 
Touchefeu Y wrote the paper.

Informed consent statement: This is a non-interventional 
report; the patient died before the writing of the report. The report 
is in accordance of the Declaration of Helsinki and its latter 
amendments.

Conflict-of-interest statement: The authors have no conflicts of 
interest to declare.

CARE Checklist (2013) statement: The authors have read the 
CARE Checklist (2013), and the manuscript was prepared and 
revised according to the CARE Checklist (2013).

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (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/

licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Yann Touchefeu, MD, PhD, Doctor, 
Institut des Maladies de l’Appareil Digestif, Nantes University 
Hospital, 1 Place Alexis Ricordeau, Nantes 44000, 
France. yann.touchefeu@chu-nantes.fr
Telephone: +33-240-083152
Fax: +33-240-083154

Received: December 12, 2017
Peer-review started: December 12, 2017
First decision: December 27, 2017
Revised: January 2, 2018
Accepted: January 16, 2018 
Article in press: January 16, 2018
Published online: February 21, 2018

Abstract
Hepatocholangiocarcinoma (cHCC-ICC) is a rare 
primary hepatic tumor defined by the presence of 
histological features of both hepatocellular carcinoma 
(HCC) and intrahepatic cholangiocarcinoma (ICC). Its 
prevalence ranges from 1%-5% of all primary liver 
cancers. We report the case of a 55-year-old cirrhotic 
male patient admitted to our university hospital for 
dysphagia, revealing a 10 cm lower-third esophageal 
metastasis of an unresectable cHCC-ICC with stem-
cell features. Computed tomography and abdominal 
magnetic resonance imaging scans revealed multiple 
hepatic lesions combining features of both HCC and 
ICC, associated with synchronous bone metastasis. 
Histological and immunohistochemical analyses of 
biopsies from the esophageal lesion and the hepatic 
tumor confirmed the diagnosis of cHCC-ICC with a 
stem cell-subtype, according to the World Health 
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Organization classification. After a multidisciplinary 
meeting, the patient was treated with chemotherapy. 
He received two cycles of a gemcitabine plus cisplatin 
regimen before bone progression, and he died 3 mo 
after the initial diagnosis.

Key words: Hepatocholangiocarcinoma; Stem cell-
subtype; Esophageal metastasis; Chemotherapy; 
Gemcitabine plus platinum-based chemotherapy

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatocholangiocarcinoma (cHCC-ICC) 
represents less than 5% of all hepatic tumors and 
remains an uncommon cancer, with no guidelines 
concerning its management. Esophageal metastasis is a 
rare presentation of hepatic tumors. To our knowledge, 
this case report is the first to describe an esophageal 
lesion revealing a metastatic stem cell-subtype cHCC-
ICC.

Salimon M, Chapelle N, Matysiak-Budnik T, Mosnier JF, 
Frampas E, Touchefeu Y. Esophageal metastasis of stem cell-
subtype hepatocholangiocarcinoma: Rare presentation of a rare 
tumor. World J Gastroenterol 2018; 24(7): 870-875  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i7/870.
htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i7.870

INTRODUCTION
Primary liver cancer is the sixth most common cancer 
worldwide[1]. The majority of intrahepatic cancers 
are hepatocellular carcinomas (HCCs) or intrahepatic 
cholangiocarcinomas (ICCs). The prevalence of hepato­
cholangiocarcinoma (cHCC-ICC), combining histological 
features of HCC and ICC, ranges from 1% to 5% of 
primary hepatic cancers[2]. In 1949, Allen and Lisa[3] 
were the first to describe and classify cHCC-ICC into 
three subtypes (A, B and C). The classification subse­
quently evolved until the latest World Health Organization 
classification, proposed in 2010 (Table 1)[4].

Here we report the case of a patient diagnosed 
with a cHCC-ICC of stem cell-subtype, presenting with 
dysphagia and revealing an esophageal metastasis.

CASE REPORT
A 55-year-old male was admitted to the University 
Hospital of Nantes, France, in January 2017 for inves­
tigation of a recent and elective dysphagia to solids 
associated with an alteration in general status (ECOG 
score 2) and weight loss of 14 kg.

The patient had a medical history of schizophrenia, 
alcoholic cirrhosis with Child-Pugh score A and a daily 
alcohol intake of 30 g, Barrett’s esophagus C1M6, and 

heavy cigarette smoking.
The first biological analyses showed isolated 

thrombocytopenia of 107 G/L, and normal renal and 
hepatic functions. The C-reactive protein level was 9.9 
mg/L.

Esophageal endoscopy (Figure 1) revealed a sig­
nificant, quasiobstructive lesion of the lower third of 
the esophagus. Histological analysis confirmed an 
esophageal localization of an undifferentiated carcinoma, 
with immunohistochemical analysis indicating HCC with 
positive hepatocyte antigen.

Thoraco-abdomino-pelvic computed tomography 
(CT) and abdominal magnetic resonance imaging (MRI) 
scans were performed. CT scans were performed 
before and after injection of contrast media, including 
arterial, portal and delayed phase at 5 min. MRI scan 
included T1-weighted sequence with fat suppression 
before and after injection of gadolinium chelates at 
the same phases. CT and MRI scan analyses (Figure 
2) revealed the esophageal lesion and multiple hepatic 
nodules, mainly located in the right liver. Hepatic 
tumors exhibited atypical imaging features for classic 
HCC but showed combined imaging features of both 
HCC with peripheral arterial enhancement and delayed 
wash out, and ICC with delayed central fibrous enhan­
cement. The tumors more closely resembled ICC. 
Metastases were present in adrenal glands (33 mm 
on the right adrenal gland and 17 mm on the left 
adrenal gland) and lymph nodes of the celiac region, 
associated with a bony lesion of the right iliac branch 
invading the pubic symphysis. 

All tumor markers were normal: alpha fetoprotein 
(αFP): 1.8 ng/mL (normal range: 0.8-8.8 ng/mL); 
carbohydrate antigen 19-9 (CA19-9): 4.5 U/mL (normal 
range: < 37 U/mL); and, carcinoembryonic antigen: 2.4 
µg/L (normal range: < 5 µg/L). 

A liver biopsy was performed. Histological and 
immunohistochemical analyses showed cHCC-ICC with 
stem cell features (small cells) and an intermediate cell 
subtype, as described in Table 1. The tumor consisted 
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Figure 1  Endoscopic appearance of the elevated lesion in the esophagus. 
Upper digestive endoscopy showed a 10-cm polypoid tumor at 30 cm from 
incisors.



of small cuboidal cells arranged in a ductal pattern 
at the borders of nodules, in continuity with a trabe­
cular pattern at the center. Tumor cells concomitantly 
expressed hepatocyte antigen HepPar1 and cytokeratin 
19, normally expressed by biliary cells (Figure 3). 
The tumor cells appeared to be growing within and 
replacing regenerative nodules of cirrhosis.

The patient was treated with systemic intravenous 
gemcitabine and cisplatin combined chemotherapy 
(gemcitabine 1000 mg/m2 and cisplatin 25 mg/m² every 

week for 2 wk, with 1 wk of rest before a new cycle). 
He received two cycles of chemotherapy. During the 
follow-up, the patient showed a progressive altera­
tion in general condition, with an ECOG score of 3, 
associated with the appearance of diffuse bone pain. 
A bone scintigraphy was performed 2 mo after the 
beginning of chemotherapy, and revealed a multifocal 
metastatic spread over the entire axial and peripheral 
skeleton with right ilio-pubic and voluminous right 
humeral lesions. The patient was then managed with 
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Table 1  World Health Organization 2010 classification of combined hepatocholangiocarcinoma

World Health Organization 2010[4]

cHCC-ICC classical: Typical HCC and typical ICC
cHCC-ICC-SC
   cHCC-ICC-SC-typical: Nests of mature-looking hepatocytes with peripheral clusters of small cells that have a high nucleus:cytoplasm ratio and 
   hyperchromatic nuclei.
   cHCC-ICC SC-int: Tumor cells show features intermediate between hepatocytes and cholangiocytes. These tumor cells show strands, solid nests 
   and/or trabeculae of small, uniform cells with scant cytoplasm and hyperchromatic nuclei.
   cHCC-ICC-SC-CLC: Admixtures of small monotonous glands, antler-like anastomosing patterns. Each tumor cell is cuboidal, smaller in size than 
   normal hepatocytes, with a high nucleus: cytoplasm ratio, and distinct nucleoli.

cHCC-ICC: Combined hepatocholangiocarcinoma; cHCC-ICC-SC-typical: Combined hepatocholangiocarcinoma, stem cell features, typical subtype; cHCC-
ICC-SC-int: Combined hepatocholangiocarcinoma, stem cell features, intermediate cell-subtype; cHCC-ICC-SC-CLC: Combined hepatocholangiocarcinoma, 
stem cell features, cholangiolocellular subtype; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; SC: Stem cell.

Figure 2  Computed tomography scan and magnetic resonance imaging scan imaging. Axial-enhanced computed tomography scans with arterial (A) and 
5-min delayed times (B). Corresponding axial enhanced MRI in T1-weighted sequence with fat suppression (C and D). Tumor of the junction of the segments Ⅷ-
Ⅶ combined the double imaging features with peripheral arterial contrast enhancement (white arrow) and secondary wash out (black arrow) (HCC part) and a late 
fibrous contrast enhancement of the central part (white asterisk) (ICC part). MRI was performed at 2-mo intervals and demonstrated a second tumor with comparable 
behavior in segment Ⅳ. CT: Computed tomography; MRI: Magnetic resonance imaging.

A B

C D
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when considering the major features of HCC (arterial 
phase hyperenhancement, wash out and capsule 
appearance)[17,18]. However, the addition of non-HCC 
features in the radiologic assessment could improve 
the diagnostic accuracy[18]. Histological diagnosis is the 
gold standard, but is difficult to obtain in the absence 
of surgical specimens. The conduct of liver biopsies to 
sample both components of cHCC-ICC is infrequent. 
In a series of 23 resected cHCC-ICC, all of the tumors 
were misdiagnosed at preoperative histology, with 20 
considered to be HCC and three classed as ICC[19]. 

As in the case presented here, criteria for identifying 
cHCC-ICC have been proposed previously[20]. The 
combination of elevated serum tumor markers and 
enhancement patterns on imaging should strongly 
suggest the diagnosis of cHCC-ICC in the following 
circumstances: imaging features of both ICC and 
HCC, regardless of marker levels; elevation of both 
αFP and CA19-9, regardless of imaging appearance; 
or discordance between imaging and tumor marker 
elevation (typical HCC enhancement pattern with 
elevated CA19-9 or typical ICC enhancement pattern 
with elevated αFP)[20]. 

The combination of histological, radiological and 
biological criteria is important to identify cHCC-ICC 
patients. Even in patients with cirrhosis and liver tumor 
with typical enhancement patterns of HCC, biopsies 
should be advocated in the presence of biological 
or imaging features suggesting a cHCC-ICC, as the 

best supportive care and died 87 d after the beginning 
of treatment.

DISCUSSION
To our knowledge, this is the first report of an 
esophageal metastasis of a cHCC-ICC. Esophageal 
metastases are uncommon. In HCC, the incidence of 
metastatic esophageal tumors is low, accounting for 
less than 0.4%[5]. Few case reports have described 
the presence of esophageal metastases from HCC 
or ICC[6-14]. These metastases could develop by the 
spread of tumor cells infiltrating the portal system[15]. 
The dissemination by hepatofugal portal flow to 
the esophagus seems to be one possible route for 
esophageal metastasis[8].

There are no current guidelines for the treatment 
of unresectable, locally advanced or metastatic cHCC-
ICC. We recently described the first series of patients 
with unresectable cHCC-ICC treated with gemcitabine 
plus platinum-based chemotherapy. In that retrospective 
study, including 30 patients, according to RECIST 
criteria, the partial response rate was 28.6%, stable 
disease rate 50% and progressive disease rate 21.4%. 
Median progression-free survival and overall survival 
were 9.0 mo and 16.2 mo, respectively[16].

The diagnosis of cHCC-ICC is challenging. The ra­
diological diagnosis is difficult due to the high frequ­
ency of cHCC-ICC mimicking HCC, from 30% to 50% 

A B

C D

Figure 3  Histological and immunohistochemical appearance of hepatic lesions. A: Combined hepatocellular cholangiocarcinoma, stem cell features, 
intermediate cell-subtype with underlying cirrhosis; B: The tumor is composed of small tumor cells arranged in bays, with some ill-defined glands; C: Cells express 
both markers of hepatocyte cells (Her Par1); D: Markers of biliary cells (cytokeratin 19). 
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prognosis and the management of these tumors could 
be different[21].

ARTICLE HIGHLIGHTS
Case characteristics
A 55-year-old cirrhotic male patient was admitted for dysphagia.

Clinical diagnosis
Elective dysphagia for solids associated with an alteration in general status and 
a weight loss of 14 kg.

Differential diagnosis
Primary esophageal cancer.

Laboratory diagnosis
Normal renal and hepatic functions. Normal carbohydrate antigen 19-9, 
carcinoembryonic antigen and alpha fetoprotein.

Imaging diagnosis
Thoraco-abdomino-pelvic computed tomography and abdominal magnetic 
resonance imaging scans were performed and revealed hepatic lesions 
combining imaging features of both hepatocellular carcinoma, and intrahepatic 
cholangiocarcinoma. 

Pathological diagnosis
Stem cell-subtype hepatocholangiocarcinoma.

Treatment
Chemotherapy: gemcitabine - cisplatin.

Term explanation
Hepatocholangiocarcinoma is a primary hepatic tumor representing less than 
5% of all hepatic tumors. This is the first report of an esophageal metastasis of 
a hepatocholangiocarcinoma.

Experiences and lessons
The diagnosis of hepatocholangiocarcinoma is challenging. The addition of 
non-HCC features in the radiologic assessment could improve the diagnostic 
accuracy.
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Hokama A. Correction for “Evaluation of a multiplex PCR as-
say for detection of cytomegalovirus in stool samples from 
patients with ulcerative colitis” (World J Gastroenterol 2015; 
21: 12667-12675). World J Gastroenterol 2018; 24(7): 876-876  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i7/876.htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i7.876

CORRECTION
Correction to: Nahar S et al. Evaluation of a multiplex 
PCR assay for detection of cytomegalovirus in stool 
samples from patients with ulcerative colitis. World 
J Gastroenterol 2015; 21: 12667-12675 PMID: 
26640344 DOI: 10.3748/wjg.v21.i44.12667. A part of 
authors’ affiliation is missing. In the left side column of 
page 12667[1], “Department of Infectious, Respiratory, 
and Digestive Medicine, University of the Ryukyus, 
Okinawa 903-0215, Japan” should be “Department 
of Infectious, Respiratory, and Digestive Medicine, 
Graduate School of Medicine, University of the Ryukyus, 
Okinawa 903-0215, Japan”.
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