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Will scholarly journals perish?
Will scholarly journals perish? This is a question that has puzzled me for years.
The introduction of online journals results in the inevitable recession of print journals. The uprise of the open access
journals has been changing the structure of scholarly journals ceaselessly. What keeps me thinking is the open access of
clinical trials data. What would be the bigger picture if open access to clinical trials data becomes the mainstream?
It is interesting that with the primary bottleneck lying in the availability of open data, the Big-data Clinical Trial (BCT)
seems to stay where it was in spite of the increasingly popularity of “Big Data” among scientists. It has to be the fact that
without open data, a statistical analysis is restricted to a particular area (or several areas). Even with big enough data, the study
can only be termed as “research with big data sets” rather than “big data research”, which are totally different concepts. Big
Data is constituted by a plurality of dimensions. On one hand, for an individual (e.g., a patient), the relevant data covering
his/her disease course is big enough; on the other hand, for the entire population, as more as individuals (e.g., patients) are
expected to be included, to contains all the elements just like the “universe set” in set theory; by doing so, scientists expect to
carry out the so-called clinical studies in real-world settings.
Why do the real-world-based clinical trials so appealing? It is understandable that the results and conclusions are likely
to be altered in studies targeting the same issue using the same research method with sample size changed. In addition, the
probability of such a “likely” is quite high. In many top journals, it is a common phenomenon that some authors tend to
validate the results of one study in another population using the same research method. However, if the results are “validated”
in one population, it only means that they are “repeatable”. Will the results also be repeatable in the second, third, and
more populations? If the attempts are not continuing, which should be, the “validation” is equivalent to “self-deception” in a
sense.
When clinical research data is open accessed, we can easily integrate data from multiple centers for statistical analysis and
meanwhile “validate” the results in multiple populations. If this is the case, then another question arise: can everyone easily
publish his/her results/papers in high-profile journals such as the New England Journal of Medicine? My answer is NO.
When the open access to clinical research data becomes mainstream, we can easily find the constant update of database on
the Internet. Simply by clicking on a button, we obtain the statistical results of the most current data. A further button click
would display the validation results based on a specific population. The database would be updated at a certain period of time
(e.g., 1 month or 1 day), and the statistical results would “likely” also be changed accordingly. At that time, the questions may
change to “would any researchers publish their findings in a journal?” Well, even if someone is still keen to write such articles,
journals may be reluctant to publish them because of the indefiniteness of the findings with the risk of being overturned at
anytime.
Eventually here it comes the serious question: will scholarly journals perish? My answer is still NO. Then in what way the
scholarly journals would probably lead to?
During my Business Administration course, my teacher distributed to us an article from the Case Study column of the
Harvard Business Review. In this highly respected journal, articles in this column often present one case first, followed by the
comments from two experts. These comments could either support or oppose each other. My teacher asked us to study the
case, read through the comments and then form our own point of views on the case. He encouraged us to interpret the case
from different perspectives independently in what form that I found pretty practical.
The course brought a possible answer to me. When the open access to clinical research data becomes mainstream, the
entire publishing industry, especially the publication of “scholarly journals”, would eventually experience revolutionary
change. It may no longer focus on the rigid and cold outcomes but it would definitely cares more about the reflection on the
problems, update of insights, and integration of science and arts.
AME Medical Review Series is a production of the above thinking. As an attempt, we decided to invite experts internationally
to provide their views on a specific topic to share their insights with more clinicians and thus benefit more patients. The first
chosen topic for the series is the currently controversial one: conventional surgery versus stereotactic body radiotherapy for
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the early stage lung cancer. As the first book to the series, we hope it would give you a glance at the coming changes.
The book series will be written by a group of individual experts who are willing to contribute medical reviews and
comments to individuals who are interested in clinical research and medical reviews specifically. The book in your hand may
possibly be on a heavy subject but we do hope it is presented in an easier way. It will be more than great if it brings you some
thoughts and inspire you in some way.

Stephen D. Wang
Founder and CEO,
AME Publishing Company
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Hepatobiliary cancers are among the most prevalent cancers worldwide. With an increasing trend of the incidence of these
diseases, there has been a persistent focus in developing new cutting-edge knowledge for the molecular pathogenesis, diagnosis
and treatment. In order to understand the advances of research and achieve translational applications in clinical use and precision
medicine, a good grasp of the recent advances of research, both basic and clinical, in these cancers is a must.
This book is a fine collection of opinions in the form of commentaries on important topics published in various journals of
the AME Publishing Company. The hepatobiliary cancers covered consist of hepatocellular carcinoma, cholangiocarcinoma,
and gallbladder cancer. The areas of the commentaries and opinions are on the current knowledge of multidisciplinary research
topics ranging from cancer stem cells, signaling pathways, cancer metabolism, epigenetics, microRNAs, to identifying novel
gene targets and inhibitors for treatment. New technologies such as ‘omics’ and gene signature approaches are often used in
those original papers. These are important tools and technologies in precision medicine.
I would like to thank the Editors and the AME Publishing Company for their putting together this book with special
important topics in hepatobiliary cancers. This book is co-edited by Dr. Haitao Zhao, Dr./Prof. Ralf Weiskirchen, Dr. Ling
Lu, and Dr. Bryan C. Fuchs from three countries, and represent the experience of a group of dedicated and well-informed
physician-scientists. The authors of the commentaries in this book are renowned researchers in their own fields. Hence, their
opinions represent updated perspectives and key opinions based on their expertise. This book, with the commentaries in these
important areas, should be valuable to basic scientists, practitioners and oncologists in hepatobiliary cancers and serve as a
concise but a significant source of updated knowledge on the molecular pathogenesis, strategic target identification and new
treatment for hepatobiliary cancers.

Irene Oi-Lin Ng, MD, PhD
Department of Pathology, and State Key Laboratory for Liver Research,
The University of Hong Kong, Hong Kong, China.
(Email: iolng@hku.hk)
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Hepatobiliary cancer is a major health concern worldwide, being the second most common cause of cancer-related death and the
fifth most frequent tumor entity globally. Hepatobiliary cancer comprises a group of highly aggressive tumors, with heterogeneous
etiological and histopathological features. The differences in the etiology are presumably the major factor responsible for the
diverse incidence trend characterizing these malignancies. Indeed, while the most frequent forms of primary liver cancer, namely
hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA) are rapidly rising in incidence and mortality in the
world, extrahepatic cholangiocarcinoma (eCCA) shows a progressively decreasing tendency. Due to the paucity of specific symptoms,
most hepatobiliary tumors are identified at advanced stage and only a small percentage of patients can be subjected to tumor
resection at the time of diagnosis. For patients with inoperable disease, treatment options are inadequate and mostly ineffective.
In particular, only the multikinase inhibitor Sorafenib has shown some limited anti-tumoral activity in advanced HCC in terms of
patients’ survival, whereas the other targeted therapies employed so far in hepatobiliary tumors have been proven unsatisfactory.
In order to significantly improve the prognosis of patients affected by hepatobiliary cancers, a better understanding of their
molecular pathogenesis is highly required. In recent years, the advent of sequencing, transcriptomic, and proteomic technologies
has substantially increased the investigative potential of scientists on hepatobiliary cancers. On the one hand, these high-throughput
analysis approaches have significantly improved our knowledge on the molecular events occurring in these malignancies. On the
other hand, these technologies have revealed the remarkable complexity and the assorted molecular features underlying these tumor
entities. Such heterogeneity is presumably the consequence of the functional interaction among genetic and epigenetic alterations,
risk factors, and causative events. In light of these findings, it is clear that numerous and highly diverse hepatobiliary tumor subsets
exist, with peculiar molecular characteristics. Thus, it is not surprising that molecularly-targeted therapies against hepatobiliary
tumors have been largely unsuccessful to date.
To significantly improve their effectiveness, several aspects of tumor biology should be better clarified. For instance,
comprehensive investigations should be conducted to elucidate the functional consequences of specific molecular alterations
and their eventual crosstalk. In addition, mechanisms of drug resistance to targeted therapies cannot be excluded and should be
identified. Furthermore, reliable biomarkers should be discovered and validated in order to allow the selection of patient subsets who
will presumably benefit from a given treatment.
In the present book, the opinions of a number of key international experts on hepatobiliary cancers are reported. These detailed
opinions focus on various aspects of the molecular pathogenesis of these highly malignant diseases. By commenting on recently
published landmark research articles on this topic, the authors of the book provide a detailed and up-to-date overview of both
the established and emerging pathways associated with hepatobiliary tumors, their interplay, and the effect of their inhibition in
experimental in vitro and in vivo models. In particular, the role and the mode of action of newly-discovered oncogenes and tumor
suppressor genes in hepatobiliary malignancies are described and thoroughly discussed. Suggestions on future experiments to be
conducted are also given to the readers. Moreover, the possible therapeutic implications of innovative drugs are critically analyzed
and evaluated. Thus, the book overall covers important topics of hepatobiliary carcinogenesis, ranging from the molecular bases of
the disease to their clinical repercussions. In a comprehensive, yet concise way, the book in fact emphasizes the challenges, barriers,
and solutions that have been, or are being, brought forward to enable translation of the current knowledge into health care.
Together with providing a broad landscape of the molecular features of hepatobiliary cancers, the present book drives the readers to
the selection of the specific genes and/or molecular events whose suppression or reactivation might be deleterious for the growth and
survival of distinct subsets of hepatobiliary tumors. Thus, the book ultimately envisages the implementation of “Precision Medicine”
("an emerging approach for disease treatment and prevention that takes into account individual variability in genes, environment, and
lifestyle for each person"; Precision Medicine Initiative, US National Institutes of Health) to hepatobiliary cancers.
Although preliminary, I believe that the body of information provided by the present opinion collection is an invaluable source
for the elucidation and understanding of the molecular pathogenesis of hepatobiliary cancers and may indeed contribute to the
design of innovative, effective and tailored therapies against these deadly diseases.

Diego F. Calvisi, MD
Department of Clinical and Experimental Medicine,
University of Sassari, Sassari, Italy.
(Email: calvisid@uniss.it)
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It is an honor to write the preface to this fascinating edition on Key Leaders' Opinion on Precision Medicine in Hepatobiliary Cancer. The
perspectives from many countries like China, USA, Germany, France, Italy, Spain and the rest of the world provide an easy and
impressive introductory course to the diagnosis and treatment of liver cancer and gallbladder cancer. Most importantly, it allows us
to further focus on the untapped potential of precision medicine in hepatobiliary cancer.
As one of the leading causes of cancer-related mortality worldwide in man and lack of consistent outcome for conventional
therapies, liver cancer is a heterogeneous malignant disease which calls for immunotherapy and metabolism therapy in the future
studies. As science and next-generation sequencing technologies advance, the molecular diagram has profoundly changed in recent
years. However, the knowledge has lagged behind the technical improvements and the studies have not yet been fully applied into
clinical practice.
The book divided into two sections of liver cancer and gallbladder cancer, covers a wide range of hot topics in precision medicine:
hepatic epithelial transforming growth factor-β signaling, Vps4A-mediated tumor suppression, SETDB1, multi-omics strategy,
decoding multifocal hepatocellular carcinoma, Sulfatase 1, STAT3, Chromodomain-helicase-DNA-binding protein 4, combination
PARP and HDAC inhibition, hedgehog signaling pathway, etc. All these topics are thought-provoking and will help the clinicians to
apply precision medicine in daily work in a personalized manner.
Drawing on the experience of international experts in the field, the edition is an extraordinary work and it is well worth a read for
a comprehensive understanding of the field. There is no question that clinicians and healthcare professionals reading this book will
benefit from its wisdom and gain the knowledge needed in providing the highest quality care to their patients.

Xuehao Wang, MD
Academician of the Chinese Academy of Engineering,
Liver Transplantation Center, First Affiliated Hospital of Nanjing Medical University, Nanjing, China.
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As the leading cause of cancer death in the world wide, hepatobiliary cancer includes primary liver cancer, cholangiocarcinoma as
well gallbladder cancer. The morbidity of hepatobiliary cancer is relatively high in most Asia countries, while this kind of cancer is
traditionally viewed as a rare cancer in some western countries. Potent therapeutic methods for hepatobiliary cancer are very limited.
Surgical resection or liver transplantation is offering the only hope for cure, nevertheless most patients were diagnosed at advanced
stage and the propensity of liver or biliary tract cancer possess early metastasis and high recurrent. The efficacy of chemotherapy
for hepatobiliary cancer is far from satisfactory. Targeted therapy or immunotherapy for hepatobiliary cancer is also insufficient and
ineffective, which possible results from complicated genomic profiling or extensive intratumor heterogeneity. Therefore, there is an
urgent need for development of more effective and novel adjuvant therapeutic options for patients with hepatobiliary cancer.
Precision medicine, currently a hotspot in mainstream medicine, has been strongly promoted in recent years. It is expected
that in addition to conventional symptoms and signs, precision medicine will define disease in terms of the underlying molecular
characteristics and other environmental susceptibility factors. With rapid technological development, such as next-generation
sequencing, and fierce competition in molecular targeted drug exploitation, precision medicine represents an advance in science and
technology. Among precision medicine in hepatobiliary cancer, several significant progressions have been achieved in recent years,
numerous innovative biomarkers were discovered to indicate patients’ prognosis, to assist early diagnose, and some genomic targets
have been determined to translate to clinical therapy.
The present synopsis contains 33 short editorials, commentaries, and correspondences previously published in journals of the
AME Publishing Company. These attractive writings mainly focus on precision medicine in hepatobiliary cancer, which discuss
and highlight latterly published significant articles that make prominent progression of hepatobiliary cancer researches on the
pathogenesis, carcinogenesis, heterogeneity, cancer metastasis, diagnosis or treatment. The individual contributions were written by
prominent key leaders in the field of hepatobiliary cancer.
We are considerably confident that this synopsis of short writings consisted of editorials, commentaries, and correspondences will
present and discuss numerous crucial discovery and hot issues in hepatobiliary cancer research both in basic medicine and clinical
translation or application. Particularly, this compilation focuses on precision medicine in hepatobiliary cancer and the contents
enable readers to quickly identify key advances and update their knowledge in the field of hepatobiliary cancer.
We sincerely thank the experts that contributed to this synopsis and the professional editorial team of the AME Publishing
Company assistance in organizing this amazing compilation. Moreover, we are grateful to Xiaoyue Xu and Jianzhen Lin for their
remarkable editing support throughout the compose of this textbook.

Haitao Zhao, MD, Professor
Department of Liver Surgery, Peking Union Medical College Hospital,
Center of Translational Medicine, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, China.
(Email: pumchzht@aliyun.com)
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Tumors of the liver, gallbladder, and biliary tract are among the most common tumors worldwide. Neoplasms of the hepatobiliary
system are classified as primary tumors, such as hepatocellular carcinoma and cholangiocarcinoma, or secondary lesions that result
from the metastatic spread of malignant cells of nonhepatobiliary origin. Actually, there is only limited ability to reliably detect such
lesions at early stages. Therefore, the clinical outcome of all these malignancies remains poor because patients usually present with
advanced, often unresectable neoplasms. Consequently, hepatobiliary cancers impose a major socioeconomic burden on modern
societies. However, during the last decades our understanding of the pathogenetic events underlying formation of liver cancer and
gallbladder outgrowth has improved considerably. In particular, novel insights in the functional role of molecular mediators driving
hepatobiliary cancerogenesis and the advances in understanding of the contribution of different cell subpopulations in cancer biology
rose incredibly. Based on this knowledge, numerous novel potential biomarkers were discovered that will help to decrease the gap
between the time points from initiation and detection of cancer.
The present synopsis contains 33 short editorials, commentaries, and correspondences previously published in journals of the
AME Publishing Company. These contributions discuss or highlight recent articles that significantly contributed to the progression of
knowledge on the pathogenesis or diagnosis of hepatobiliary cancer. In particular, the focus of these contributions are research topics
and clinical contributions investigating issues contributing to the aggressiveness, heterogeneity, and tumorigenicity during initiating
and progression of hepatocellular carcinoma and development of gallbladder cancer (Figure 1). The individual contributions were
written by outstanding key leaders in their field.

Figure 1 New perspectives in liver and gallbladder cancerogenesis. This book contains expert commentaries on mediators and signalling pathways
contributing to the pathogenesis of hepatic and biliary tract neoplasms. The individual contributions discuss research highlights and provide short
updates on new progress of specific fields that are of current interest in pathogenesis, diagnostic, and therapy of hepatobiliary cancer. Abbreviations
used are: APC, adenomatous-polyposis-coli; BAP1, breast cancer 1 gene-associated protein-1; CD133, cluster of differentiation 133 (prominin-1);
CDKN2A, cyclin-dependent kinase Inhibitor 2A; CHD4, chromodomain-helicase-DNA-binding protein 4; CRP, C-reactive protein; EDIL3,
Epidermal growth factor-like repeats and discoidin domains 3; EMT, epthelial-mesenchymal transiton; EpCAM, epithelial cell adhesion molecule;
GBC, gallbladder cancer; HCC, hepatocellular carcinoma; HDAC, histone deacetylase; HER-2, human epidermal growth factor receptor 2; IL-1/6,
interleukin-1/6; KRAS, Kirsten rat sarcoma viral oncogene; lncRNA-PRAL, long non-coding RNA-p53 regulation-associated lncRNA; miRNA,
micro RNA; PARP, poly(ADP-ribose) polymerase; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α; Sox12, SRY-box 12;
TGF-β, transforming growth factor-β; TP53, tumor protein 53; TTK, dual-specificity protein kinase.
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I think that this synopsis of short contributions will provide a good overview of current “hot topics” presently taking the attention
in basic science and clinical practice. In addition, this compilation could serve as a possible starting point for those readers attending
to increase their knowledge by further readings of up-to-date references cited in the individual contributions of this book.
I cordially thank the experts that contributed to this synopsis and the highly efficient editorial team of the AME Publishing
Company helping in realizing this marvellous compilation. In particular, I am grateful to Elva S. Zheng for the extraordinary editorial
support throughout the preparation of this textbook.

Ralf Weiskirchen, PhD
Professor of Pathobiochemistry and Molecular Biology
Institute of Molecular Pathobiochemistry, Experimental Gene Therapy and Clinical Chemistry
University Hospital Aachen, Aachen, Germany.
(Email: rweiskirchen@ukaachen.de)
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Hepatobiliary cancers, comprising those of the liver and biliary tract, are highly lethal conditions with increasing incidence
worldwide. In fact, hepatocellular carcinoma (HCC), the most common primary liver malignancy, is now the fastest growing cause
of cancer-related death. Surgical resection and liver transplantation remain the only curative therapies, though recurrence rates
are high even after an R0 resection. Unfortunately, most patients present with inoperable, advanced disease at diagnosis. For these
reasons, better screening strategies and more effective therapies are urgently needed.
While precision medicine with targeted therapies has been successful for several tumor types, its potential for hepatobiliary
cancer has yet to be recognized. Over the past decade, several large omic-based studies have been completed in an attempt to identify
actionable genetic drivers and molecular subtypes of hepatobiliary cancers. Although intratumor heterogeneity remains a challenge
for large lesions, these studies should now pave the way for precision-guided, patient-selected trials over the next few years. For
example, dysregulation of several signaling pathways including MET, ERK, PI3K, WNT, HDAC, and SHH seem to be common
themes in hepatobiliary cancers along with activation of several miRNAs. In addition, good response rates have been observed with
immunotherapy in a subset of hepatobiliary cancers, and studies aimed at characterizing the tumor microenvironment should allow
for more appropriate patient selection for therapy.
Underlying liver disease is a major risk factor for hepatobiliary cancers and an obstacle for treatment. While alcohol excess and
viral hepatitis infection have historically been the most common causes of liver disease, fatty liver disease is becoming increasingly
prevalent as a result of obesity, diabetes, and the metabolic syndrome. Over the past few years, the mechanisms involved in
the progression of various etiologies of liver disease have been elucidated and new treatment strategies are starting to emerge.
Chemoprevention after successful treatment of the underlying liver disease also has great potential for improving the dismal
prognosis of hepatobiliary cancers.
In this book, we explore several of these topics including the effect of intratumor heterogeneity on HCC chemoresistance, the
analysis of omics data to predict new prognostic biomarkers and therapeutic targets for HCC and gallbladder cancer, the role of
cancer stem cells in the treatment of HCC, and the emergence of SHH inhibitors for the treatment of gallbladder cancer. While
much work is still needed to be done, precision medicine may finally offer some hope for the prevention and treatment of these
highly lethal cancers.

Bryan C. Fuchs, PhD
Assistant Professor of Surgery,
Harvard Medical School, Boston, Massachusetts, USA.
(Email: BFUCHS@mgh.harvard.edu)
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Liver cancer, including hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC), is one of the most frequent
human cancers. Highest frequencies of HCC occur in sub-Saharan Africa and eastern Asia regions, where hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections are endemic, and in regions where mycotoxin contamination of foodstuffs, stored
grains, drinking water, and soil occurs. Other etiologic factors include chronic hepatitis and cirrhosis induced by excessive alcohol
consumption, autoimmune chronic active hepatitis; and cryptogenic cirrhosis with unknown origin, metabolic disorders, including
hemochromatosis, glycogen storage diseases, Wilson's disease, and galactosemia. ICC constitutes the second most common primary
liver tumor and its incidence is increasing in Western countries. The most known risk factors for ICC are primary sclerosing
cholangitis, hepatobiliary flukes, hepatolithiasis, and biliary malformations. In addition, cirrhosis, mainly secondary to chronic
infection with HCV, represents an important risk factor for ICC.
Liver cancer is a fatal disease. Partial liver resection and liver transplantation are potentially curative. Ultrasonography is
sufficiently sensitive to detect small liver lesions, which may be efficiently treated by resection or radiofrequency ablation. However,
only a minority of cases is open to these treatments. Moreover, therapies with pharmacological agents (i.e. Sorafenib alone or in
combination with other signaling inhibitors) or trans-arterial chemo-embolization or yttrium-90 microspheres, and percutaneous
ethanol injection, do not improve substantially the prognosis of patients with locally advanced disease.
This situation arouses the interest of many researchers, in several countries, to the evaluation of the individual genetic
predisposition to liver cancer, the molecular mechanisms involved, and the new treatments. Increasing efforts are devoted to “precision
oncology” perspectives to identify personalized treatments taking into account individual genetic variability, environment, and
lifestyle. A panomic approach to molecular biology analyses is necessary to discover the genetic content of individual patient's disease
and then to utilize targeted treatments based on the context of patient’s characteristics. To the pursuit of these goals is currently
directed a large part of the research on liver cancer in various laboratories.
A peculiarity of the present book is the extensive collection of editorials and commentaries, made by experts, on a series of
recent articles on the main aspects of research on HCC and ICC. Thus, various contributions, dealing with some new approaches
to alterations of signal transduction in liver cancer, consider the conditions determining the double role of TGFβ, as inhibitor or
stimulator in these tumors, the dysregulation of the epigenetic regulator SETDB1 in human HCC, the role of EDFIL3 protein
in the determination of HCC prognosis. Of particular interest the analysis of a “gene cloud” constituted by Sox12 transcription
factor together different other genes to realize a gene signaling network in HCC. A multi-omic approach for the identification of
prognostic biomarkers and for the management of HCC is also considered.
Different comments are reserved to microRNAs as regulators of HCC and ICC cell dissemination, as markers and targets of
HCC or, in the case of circulating microRNAs, for early detection of HBV-related HCCs. Interestingly, the focal loss of long noncoding RNA-PRAL, is considered as a determinant of HCC cell function and phenotype. Finally, some contributions are specifically
dedicated to ICCs, their preneoplastic manifestations, the signaling pathways involved and their role as targets for ICC therapy.
The complexity of studies on the different aspects of liver cancer, and the vastness of the literature dedicated to HCC and ICC
cannot be included in a single treatise. However, this volume deals critically with many researches in this field and can be considered
a valid means of spreading some excellent recent contributions to various aspects of liver cancer.

Francesco Feo, MD
Professor Emeritus of Experiential Pathology,
Department of Clinical and Experimental Medicine,
Division of Experimental Pathology and Oncology,
University of Sassari, Italy.
(Email: feo@uniss.it)
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Transforming growth factor-β (TGFβ) signaling pathway
is an important regulator of cell survival, proliferation,
differentiation, migration and immunosurveillance (1). It
translates extracellular cues into appropriate gene expression
response. It possesses relatively simple machinery, but it
is finely tuned to a variety of processes, both temporally
and spatially at different levels, including ligand expression
and activation, receptor complex formation, effector
activation, modification and translocation and availability
of transcriptional partners in the nucleus. Therefore, the
readout of TGFβ signals strongly depends on the cellular
context.
The TGFβ family consists of large number structurally
and functionally related cytokines, all grouped in following
subfamilies: TGFβ, BMPs, AMH, GDFs, activins and
inhibins (2). There are three largely homologous TGFβ
isoforms in humans: TGFβ1, TGFβ2 and TGFβ3. All
TGFβ isoforms bind transmembrane receptor TGFβ
receptor type II (TBR2), which leads to the recruitment
of TGF-β receptor type I (TBR1) to the complex. Both
receptors have serine/threonine kinase activity. Canonical
TGFβ signaling propagates intracellular signal by the
SMAD family of proteins. Upon ligand activation, the
TBR1 phosphorylates SMAD2/3 at a serine-rich C-terminal
motif, and the phospho-SMAD2/3 associates with SMAD4,
subsequently being shuttled into the nucleus to regulate
transcription. Availability of phospho-SMAD partners
establishes the final output of the pathway. It determines
which genes will be targeted, as well as will their expression
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be activated or repressed. In non-canonical pathway, TBR2
interacts with TGFβ-activated kinase 1 (TAK1), tumor
necrosis factor receptor-associated factor 6 (TRAF6),
phosphoinositide 3-kinase (PI3K), Akt, mitogen-activated
protein kinase (MAPK), and integrin (3-5). Additional
layer of complexity to the TGFβ pathway is related to its
cooperation with other signaling pathways, including Wnt
and Ras pathways (6,7).
TGFβ pathway has dual role in cancer progression.
It has been shown that malignant cells have to avoid
cytostatic effect of exogenous TGFβ for hepatocellular
carcinoma (HCC) to develop. TBR2 expression and
phosphorylation of SMAD3 were found to be downregulated in human HCCs compared to adjacent, normal
liver tissues (2). With the autonomous TGFβ pathway
eliminated in malignant cells, cancer cells can generate
TGFβ-rich tumor microenvironment that can favor tumor
progression through its effect on tumor stroma. Moreover,
residual epithelial TGFβ can additionally promote tumor
progression by stimulating epithelial to mesenchymal
transition (EMT).
A new study, published in Gastroenterology by Mu et al.
offers insights into our understanding of hepatic epithelial
TGFβ signaling pathway in hepatic fibrosis and during liver
carcinogenesis. Using mice with cell-specific deletions of
TBR2, the authors found that TGFβ signaling in the liver
epithelial cells does not contribute to the liver fibrosis or to
the development of DEN-induced HCC in mice. However,
it constrains proliferation of cholangiocytes and prevents
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Figure 1 Epithelial TGFβ signaling protects livers from
cholangiocarcinoma development. Deletion of PTEN in
liver epithelial cells causes hepatocellular carcinoma (HCC)
development (A). Mu et al. (8) demonstrated that deletion of TBR2
in PTEN-deficient hepatocytes and cholangiocytes promotes
cholangiocarcinoma (CCA) development (B). Simultaneous deletion
of PTEN and TBR2 only in cholangiocytes triggers CCA (C), as
well as hepatocyte-specific deletion of PTEN and TBR2 (D), but
with longer latency period. TGFβ, transforming growth factor-β.

cholangiocarcinoma development in the context of hepatic
PTEN deletion (8).
Using double transgenic mice expressing floxed TBR2
and Albumin-Cre to inhibit TGFβ signaling in the liver
epithelium and mouse models of toxicity-induced fibrosis
(CCl4 injections) and cholestatic liver fibrosis (common bile
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duct ligation and Mdr2 knockout mice), Mu et al. found
that epithelial TGFβ signaling does not contribute to liver
injury and does not contribute to biliary liver fibrosis. These
observations somewhat contradict previously published
studies (9,10). Dooley et al. (9) used SMAD7 overexpression
to inhibit TGFβ signaling in liver epithelial cells, and
observed decreased liver damage and fibrosis after CCl 4
treatment. Possible reasons for conflicting results could be
different mouse strains used (FVB vs. C57BL/6), different
CCl4 treatment (3 times a week for 8 weeks vs. 8 injections
total), or TGFβ-independent function of SMAD7.
However, both studies do agree on the activation of TGFβ
signaling in the liver epithelial cells after liver injury in the
mouse models and in the patients with chronic liver disease.
Going forward, Mu et al. found that epithelial TGFβ
signaling does not affect DEN induced HCCs. Mice
lacking TBR2 developed tumors at the same rate as control
mice when injected with DEN. In contrast to genotoxic
hepatocarcinogenesis, Mu et al. observed significant role
of TBR2 in tumorigenesis caused by PTEN loss. They
generated a triple transgenic strain where Albumin-Cre
drives loss of TBR2 and PTEN simultaneously in liver
epithelium. Interestingly, the mice deficient for both TBR2
and PTEN develop tumors and die at 5–7 months of age,
while the PTEN deficient mice are tumor free at that age.
As expected, the tumors that developed in older single
PTEN knockout mice were HCCs (Figure 1A), however,
the tumors developed in double knockout background
had characteristics of cholangiocarcinomas (Figure 1B).
The tumors were keratin positive and had high expression
of cholangiocyte and cholangiocarcinoma markers.
Because Albumin-Cre causes deletion of TBR2 in both
cholangiocytes and hepatocytes, they investigated which
type of epithelial cells was affected by inhibition of TGFβ
signaling in PTEN knockout background. They found
that epithelial TGFβ signaling controls proliferation of
cholangiocytes, but not hepatocytes.
To distinguish between TGFβ signaling in hepatocytes
vs. cholangiocytes, they used cell type specific ablation
strategies to delete TBR2. For cholangiocyte-specific
deletion of TBR2 and PTEN, they used two different
types of triple-transgenic mice: one strain co-expressing
Prom-1-CreERT2 with floxed PTEN and TBR2, and the
other co-expressing K19-CreERT with floxed PTEN and
TBR2. Because keratin19 and prominin are not specific
only for cholangiocytes, they put mice on DDC diet to
trigger cholestatic liver injury before tumors develop in the
other organs, for example in pancreas. Mice without TBR2
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in cholangiocytes developed cholangiocarcinomas faster
(Figure 1C). They demonstrated that TGFβ signaling in
cholangiocytes restricts their proliferation, protecting them
from tumorigenesis. Using reporter mouse strain, Mu et al.
showed that cell origin of cholangiocarcinoma in this mouse
models are cholangiocytes.
To investigate role of TGFβ signaling in hepatocytes, they
used double transgenic TBR2 and PTEN floxed mice and
AAV8-TBG-Cre virus infection. In contrast to AlbuminCre mice, all mice with hepatocyte-specific deletion of TBR2
and PTEN survived for 1 year. Surprisingly, when sacrificed
at that age, they harbored tumors with characteristics of
cholangiocarcinoma (Figure 1D). Interestingly, by colabeling the Cre with GFP, they demonstrated that
developed cholangiocarcinomas have hepatocyte origin.
In non-tumor region of AAV8-TBG-Cre infected PTEN
and TBR2 floxed mice, they identified, at low numbers,
hepatocyte-derived progenitors that were GFP and keratin
or osteopontin positive, suggesting that loss of TBR2 in
PTEN-deficient hepatocytes results in cholangiocarcinoma
development through an increase in proliferation of
hepatocyte-derived cholangiocyte-like cells. Microarray
studies where Mu et al., compared expression profile of
these murine tumors with human cholangiocarcinomas,
confirmed that this indeed are true cholangiocarcinomas
and that they cluster with “proliferation” class human
cholangiocarcinomas.
The results obtained by Mu et al. contrast data published
by Yang et al. (10) in which TGFβ signaling in TAK-1
deleted livers contributes to liver fibrosis and tumorigenesis.
Because the output of TGFβ signaling is highly cell context
dependent, it is easy to imagine that different liver injury
drivers will utilize TGFβ pathway differently. Furthermore,
TAK-1 is a part of non-canonical TGF-β pathway hence
inhibiting TGFβ can affect the driver of liver injury in this
mouse model.
It is important to note that mutations in SMAD4 are
prevalent in human cholangiocarcinomas (11,12), but not
in human HCCs, which increases significance of this study.
Cholangiocarcinomas are very aggressive form of human
liver cancers, second by the frequency of incidence in liver
cancer patients. However, a therapy does not exist. There
is a genuine need for more extensive research in this area as
well as a need for better animal models to aid the research.
The murine models developed by Mu et al., can significantly
contribute to our understanding of this type of liver cancer.
Additionally, Mu et al. suggested that hepatocytes could
be the origin of cholangiocarcinoma in PTEN deficient
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livers, after they transdifferentiate into progenitors with
cholangiocyte characteristics and succumb to unrestricted
proliferation due to the lack of TGFβ control. How
hepatocytes obtain cholangiocytes characteristics is an
exciting question raised by this study.
Because TGFβ signaling in HSCs is the key pathway
of liver fibrosis, targeting it holds a big promise in antifibrosis therapy. Indeed, there are several clinical trials for
TGFβ inhibitory drugs. However, as suggested by Mu et al.,
one can cure fibrosis but inhibition of that signaling could
increase risk of cholangiocarcinoma development.
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Transforming growth factor-β (TGF-β) signaling
regulates a broad range of cellular processes including cell
proliferation, differentiation and apoptosis (1). Based on
the current knowledge, TGF-β is the main pro-fibrogenic
cytokine in the liver that induces fibrosis by activating
the hepatic stellate cells (HSCs) (2). However, the role of
TGF-β in hepatocarcinogenesis is not as clear as in hepatic
fibrogenesis because of the dual functions of TGF-β as
both a tumor suppressor and promoter (3). In tumor
microenvironment, many cell types are responsive to TGF-β
signaling leading to complex effects on cancer initiation and
progression. It is now generally accepted that TGF-β acts as
a tumor suppressor at early stage of cancer development by
inhibiting cell cycle progression and inducing malignant cell
apoptosis. However, in late stage, TGF-β acts as a tumor
promoter by increasing tumor invasiveness and metastasis.
The pro-tumorigenic effect of TGF-β is evident by the
induction of a mesenchymal phenotype in epithelial tumor
cells, also known as epithelial-to-mesenchymal transition
(EMT) after prolonged exposure to TGF-β (4). Indeed,
overexpressed TGF-β has been related to increased tumor
progression and poor clinical outcomes in different types
of cancers (5). Given the critical role of TGF-β in tumor
progression, TGF-β has been regarded as a promising
target for cancer therapy (6).
Liver is a multicellular organ composed of diverse cell types,
including epithelial cells (e.g., hepatocytes, cholangiocytes,
etc.) and mesenchymal cells (e.g., HSCs, liver macrophages
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(Kupffer cells), sinusoidal endothelial cells, etc.) (7). Among
these cells, HSCs can be directly stimulated by TGF-β, in
which the TGF-β signaling is propagated by TGF-β receptors,
Smad2/3/4 and miRNAs, leading to transcriptional changes
for fibrogenic phenotype (8). The resulting fibrosis can
further progress to cirrhosis, and eventually hepatocellular
carcinoma (HCC) (8). Of note, Smad7 is an antagonist of
this TGF-β-Smad pathway through a negative feedback
mechanism (9). In addition to fibrosis, TGF-β has also
been implicated in liver cancer development. TGF-β
is an immune regulator that takes part in innate and
adaptive immune response (10). Elevated TGF-β in tumor
microenvironment is widely reported to impair cancer
immune surveillance by induction of M2 macrophage
polarization (11), inhibition of NK cell maturation (12),
impairment of antigen presenting function of dendritic
cells (13), and induction of regulatory T cell (Treg) and
myeloid derived suppressive cell (MDSC) expansion (14),
which all contribute to immune tolerance and promote
tumor immune escape and progression. Despite the diverse
effects of TGF-β, its exact roles in individual hepatocellular
compartments have not been clearly distinguished. To
evaluate the therapeutic values of hepatic TGF-β-targeted
drugs, it is necessary to characterize the TGF-β functions in
context- and cell-specific manners.
In a recent issue of Gastroenterology, Mu et al. reported a
comprehensive in vivo study on the functions of TGF-β in
the epithelial compartment of injured liver (15). They first
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confirmed the activation of TGF-β signaling in epithelial
cells (hepatocytes and cholangiocytes) and mesenchymal
cells (HSCs) in both human cirrhotic liver and murine
injured livers [treated with carbon tetrachloride (CCl4),
bile duct ligation (BDL) or Mdr2 knockout]. To dissect the
cell-specific roles of TGF-β, the authors generated double
transgenic mice devoid of epithelial TGF-β receptor II
(TBR2lko) and compared them with controls for liver fibrosis
development. Surprisingly, they found that epithelial TBR2
affected neither liver injury nor fibrosis development in
all three CCl4, BDL and Mdr2 knockout mouse models.
Moreover, expression of epithelial TBR2 is not related
to the formation of diethylnitrosamine (DEN)-induced
HCCs and the associated expression of Afp, Cd133, and
mKi67. These results contradict with a previous finding that
reported the positive regulation of TGF-β on liver fibrosis
and HCC development (16), though in which a different
knockout mouse model deficient in Tak1 (a downstream
mediator of TGF-β) was used and the results might not be
as directly relevant to TGF-β as those from TBR2lko mouse
model.
To further investigate the functional role of epithelial
TGF-β signaling in liver carcinogenesis, Mu et al.
generated more knockout models including PTENlko and
TBR2 PTEN lko. Both single and double knockout mice
were born normally. Intriguingly, all the TBR2 PTENlko
mice developed cholangiocarcinomas and died around age
5-7 months, whereas PTENlko mice displayed no tumors or
mortality at the same ages. Consistent with the phenotype,
cholangiocyte- and cholangiocarcinoma-related markers
such as Ehf, Reg1 and Dmbt1 were also up-regulated in
TBR2 PTENlko mice compared with PTENlko controls. In
addition, considerable expansion of cholangiocytes was
found in TBR2 PTEN lko mice. These findings suggest
that epithelial TGF-β signaling has a protective role
against cholangiocarcinoma formation, which contrasts
with the previous results from Shuang group that TGF-β
can promote EMT in human cholangiocarcinoma cell
line TFK-1, resulting in the acquisition of cancer stem
cell traits, and increased invasiveness and metastasis of
cholangiocarcinoma (17).
To determine whether the TGF- β signaling in
cholangiocytes and/or hepatocytes contributes to the
cholangiocarcinogenesis in TBR2 PTENlko mice, Mu et al.
generated more mouse models for cholangiocyte-specific
knockout [TBR2 PTENΔChol(Prom1) and TBR2 PTENΔChol(K19)]
and hepatocyte-specific knockout (TBR2 PTEN ΔHep ).
After treatment with DDC diet, rapid development of
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cholangiocarcinoma (<20 weeks) was evident in TBR2
PTEN ΔChol(Prom1) and TBR2 PTEN ΔChol(K19) mice, wherein
cholangiocytes expanded in the absence of TBR2
and PTEN, and were regarded as the major cell type
responsible for cholangiocarcinogenesis. Similar to the
cholangiocyte-specific knockout models, TBR2 PTENΔHep
mice also developed cholangiocarcinoma, but in a
significantly lower rate (>52 weeks), of which tumors
exhibited comparable gene expression patterns to those
of human cholangiocarcinoma. Based on these results,
the authors concluded that TBR2 ablation in hepatocytederived cholangiocytes, rather than hepatocytes, promotes
cholangiocarcinoma development.
TGF-β-dependent pathways are among the most
complex molecular signaling cascades that can exert
pleiotropic effects in a broad range of cell types in multiple
organs. Numerous studies have reported the functional
roles of TGF-β signaling in liver pathogenesis, particularly
fibrogenesis and carcinogenesis. Nevertheless, the consensus
is mainly confined to the pro-fibrogenic role of TGF-β
in HSCs. The recent study by Mu et al. comprehensively
proved that epithelial TGF-β signaling has insignificant
effects on both liver fibrogenesis and carcinogenesis, but it
can suppress cholangiocarcinoma formation by inhibiting
the proliferation of hepatocyte-derived cholangiocytes.
These results clearly demonstrate the cell-specific and
opposite actions of TGF-β in the liver. However, it should
be noted that all cholangiocarcinoma data in the Mu study
were derived from mouse models that are devoid of not only
TBR2, but also PTEN. It is unclear why the TBR2lko group
was omitted in all in vivo cholangiocarcinoma experiments,
therefore it is hard to interpret whether the observed
phenotypic changes primarily resulted from the loss of
TBR2, or both TBR2 and PTEN. Another shortcoming of
this study is the lack of mechanistic characterizations and
validations in relevant cell models, particularly those related
to PTEN pathways, which would otherwise help address
the relationship of PTEN and TBR2 in cholangiocarcinoma
development, and resolve the discrepancies among different
studies. In addition to the liver-residential cells, infiltrating
immunoregulatory cells are also susceptible to TGF-β
actions and can potentially react in different manners.
Moreover, the TGF-β-Smad pathway can be epigenetically
regulated in the gastrointestinal system (18). Continuous
studies of the regulation of TGF-β pathway and its effects
on distinct cell types in the liver will provide more specific
insights on the therapeutic potential and delivery approach
of TGF-β-targeted inhibitors in treating liver diseases.
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In cancer, communication between tumor cells and
components of its surrounding microenvironment is critical
for tumor growth, progression and metastatic potential (1).
Components of the tumor microenvironment include
extracellular matrix structures, fibroblasts (myofibroblasts),
immune-reactive and inflammatory cells, and endothelial
cells. Importantly, therapeutic opportunities may be
opened up by combined targeting of tumor cells and their
microenvironment (2). In this regard, better understanding
of the cellular mechanisms mediating the communication
between tumor cells and their microenvironment is urgently
required.
Extracellular vesicles, e.g., exosomes, together with their
protein and nucleic acid cargo enable an intriguing form
of cell communication in paracrine and endocrine fashions
and, accordingly, considerable research effort is currently
focused on the detailed role of exosomes in shaping
the tumor microenvironment (2). A recent publication
highlights an interesting finding of a novel candidate tumor
suppressor protein, Vps4A, to influence exosomal functions
involving the loading and delivery of microRNA cargo (3).
Extracellular vesicles can be divided into three main
classes: exosomes (20–100 nm in size), microvesicles (100–
1,000 nm in size) and apoptotic bodies (1–5 μm in size).
These vesicles differ among themselves not only by size, but
also by origin and composition (4). Microvesicles are formed
through outward budding of the plasma membrane and
intracellular space. In contrast, exosomes are actively packed
in intracellular endosomes, which progress to multivesicular
bodies as a consequence of inwards budding of the plasma
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membrane, and then are targeted to either lysosomes or are
released to the extracellular space through fusion with the
plasma membrane. Extracellular release of exosomes can
then lead to endocytosis by other cells and cargo molecules
become effective inside these recipient cells (5).
The composition of the exosomes displays enrichment
for specific proteins, lipids and RNAs, while other
macromolecules appear absent. This indicates the presence of
a regulatory mechanism controlling the sorting of cargo into
exosomes (6). So far, 4,563 different proteins, 1,639 different
mRNAs, and 764 different microRNAs (miRNAs) have been
identified in exosomes originating from various tissues (7).
MicroRNAs are 21–23 nucleotide long RNAs that act
as important regulators of gene expression (8). Mature
miRNAs associate with Argonaute (Ago) protein and
together form the RNA-induced silencing complex (RISC),
a ribonucleoprotein complex effecting posttranscriptional
gene silencing. Complementary base pairing of the
miRNA with target messenger RNA serves as a guide for
the Ago protein and directs degradation, destabilization
or translational repression (9). In mammals, more than
60% of protein-coding genes are believed to be under the
control of miRNAs (10). Functional studies suggest that
almost every cellular process investigated to date is under
miRNA influence. Aberrant miRNA expression contributes
to a range of human pathologies, including cancer (11,12).
The selective packaging of macromolecules into exosomes
is a topic of major interest. The presence of non-random
miRNAs in tumor cell-derived exosomes raises the
possibility of miRNA-mediated gene regulation in proximal
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recipient cells to modulate the local microenvironment and
in distant recipient cells to possibly help the formation of a
metastatic niche (13).
The protein Vps4A is a part of the Endosomal Sorting
Complexes Required for Transport (ESCRT) machinery,
which consists of five different protein complexes: ESCRT-0,
ESCRT-I, ESCRT-II, ESCRT-III and Vps4 itself (14).
Protein and nucleic acid sorting to exosomes can be ESCRTdependent or ESCRT-independent (using tetraspanins or
employing a lipid-dependent mechanism) (5).
The study by Wei et al. (3) shows that Vps4A can act
as tumor suppressor in hepatocellular carcinoma (HCC),
possibly through regulation of exosomal miRNA sorting.
According to the study, Vps4 is significantly down-regulated
in primary human HCCs and, furthermore, low Vps4
expression is correlated with hepatitis B viral infection,
increased tumor size, reduced tumor capsule integrity,
and regional lymph node metastasis. Incubation of HCC
cells (SMMC-7721) with self–derived exosomes caused a
notable increase in cell growth, migration and invasion.
Accordingly, ectopic expression of Vps4 in SMMC-7721
cells represses their growth, colony formation, migration
and invasion. Of interest, transfection of HCC cells toward
overexpression of Vps4A repressed the tumor growth of
these cells in subcutaneous murine xenograft experiments.
The authors propose that Vsp4a acts by weakening the cell
response to exosomes. Furthermore, they demonstrate that
Vps4A facilitates the secretion into exosomes of oncogenic
miRNAs (miR-27b-3p and miR-92a-3p) and the cellular
retention of tumor suppressor miRNas (miR-193-39, miR320a, miR-132-3p). Additionally, incubation of Vps4Atransfected HCC cells with exosomes originating from
control HCC cells showed cellular accumulation of tumor
suppressor miRNAs (miR-122-5p, miR-33a-5p, miR34a-5p, miR-193a-3p, miR-16-5p and miR-29b-3p). We
note that miR-16-5p, which is found upregulated after
transfection of Vps4a expressing cells with control HCC
cell exosomes, is reported to regulate Vps4A expression
itself (15). This finding may suggest the existence of a
feedback loop leading to downregulation of Vps4A upon
incubation with control cell exosomes. In this light, it is not
clear what would be the outcome of prolonged incubation
of Vps4A overexpressing cells with control cell exosomes.
Therefore, we feel that it would be interesting to revisit
this experiment and address both short-term and long-term
effects of exosomal incubation.
Previous studies have shown that early ESCRT
complexes, ESCRT-I and ESCRT-II, are involved in
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cargo sorting while ESCRT-III complex together with
Vps4A is necessary for scission of the membrane neck
that connects the bud to the parental membrane during
exosome biogenesis (14,16). The study by Wei et al. (3)
raises therefore the intriguing possibility that Vps4A may
have an additional role in the earlier events of cargo sorting
to exosomes. Clearly, more work is necessary to fully clarify
the role of Vps4A complex in exosome biogenesis.
The key finding of Wei et al. is the discovery that Vps4A
acts as HCC tumor suppressor. At the same time, the
detailed mechanism of Vps4A tumor suppressive activity
is not fully elucidated, particularly its effect on selective
packaging of microRNAs in tumor exosomes. It would be
highly interesting to deduce how Vps4A allows secretion
of oncogenic miRNAs and selective retention or uptake of
tumor suppressive ones.
The detailed mechanism of miRNA packing into exosomes
is still unknown. According to the earlier studies, subsets
of miRNAs containing the EXOmotif (GGAG) sequence
are loaded into exosomes by binding to the heterogeneous
ribonucleoprotein A2B1 (hnRNPA2B1) (5). However, the
oncogenic microRNAs described by Wei et al., as found
to be specifically enriched in the exosomes, do not contain
the EXOmotif. This suggests that there are alternative
mechanisms for miRNA sorting into exosomes. Further,
Wei et al. point out that in humans there are two paralogs
of Vps4, namely Vps4A and Vps4B. Vps4B is also found
downregulated in human HCC. It would be interesting to
see whether Vps4B acts as tumor suppressor as well and if it
also has an impact on miRNA sorting.
In conclusion, considering that exosomes are important
for shaping the tumor microenvironment and tumor
progression toward metastatic spread, it would be highly
desirable to understand the exact role of Vps4A in exosome
formation and how Vps4A directs miRNA sorting to the
exosomes. Since exosomes not only have a substantial
impact on tumor development but also promise to serve
as targets in tumor therapy, it would be of considerable
significance to describe the mechanism of Vps4A
downregulation in human HCC and to assess if restoration
of Vps4A expression could be used in tumor therapy.
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Hepatocellular carcinoma (HCC), a major form of adult
primary liver cancer, is the third cause of cancer-related
deaths worldwide. The development of this tumor has been
associated with various risk factors, mostly chronic viral
hepatitis, chronic alcohol consumption and aflatoxin-B
contaminated food, and shows higher incidence in
cirrhotic patients. Current therapy is as yet very limited,
thus American and European guidelines recommend
implementation of surveillance programs in high risk
patients. Liver transplant and interventional radiology are
still the most efficient treatments while chemoembolization
represents the choice for unresectable HCC. The sole drug
currently showing some survival benefits in HCC patients
in advanced stages and preserved liver function is sorafenib,
an inhibitor of tyrosine kinases affecting proliferation and
angiogenesis (1). Novel pharmacological approaches against
HCC are strongly needed.
Along with various genetic causes, recent findings
described HCC onset and progression deeply correlated
to epigenetic modifications [reviewed by (2)] of both DNA
and histones (i.e., methylation and hydroxymethylation
of DNA cytosine residues and acetylation, ribosylation,
phosphorylation, ubiquitination, sumoylation, methylation,
deamination and proline isomerization of histone
tails). These local modifications control gene specific
transcriptional activity and often, in HCC as well as other
tumor types, aberrant patterns of epigenetic marks cause the
silencing of tumor suppressor genes (3). Notably, epigenetic
modifications are reversible, thus representing attractive
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targets in therapeutic approaches. For these reasons, each
enzyme that bears activity of chromatin modifier and
appears correlated to tumor onset and progression holds
promise for therapeutic targeting in cancer treatment.
Of note, some drugs against epigenetic modifiers have
already been used in clinical trials with interesting results.
For example, the histone deacetylase inhibitors belinostat
and, more recently, resminostat have been assessed in the
treatment of HCC patients and have shown signs of efficacy
(4,5). In particular, resminostat treatment resulted in a
control rate of the disease close to 90% in patients with
confirmed progression on prior sorafenib treatment (5).
Notably, Wong and colleagues (6) correlated the
upregulation of the methyltransferase SETDB1 with HCC
progression, aggressiveness and poor prognosis; moreover
they also provided evidence regarding the functional role of
SETDB1 in tumoral cell proliferation and invasiveness.
SETDB1 [SET domain, bifurcated 1/ESET/KMT1E (7)]
catalyzes the methylation of lysine 9 of histone H3 (H3K9),
a well-conserved mark for transcriptional silencing [also
catalyzed by other methyltransferases (HMTs), including
suppressor of variegation 3-9 homolog 1 (SUV39H1)
and SUV39H2 (8), G9a (9), Riz1/PRDM2 (10), CLLD8/
KMT1F (11)].
In particular SETDB1, that methylates lysine 9 up to
trimethylation (H3K9me3), is responsible for the silencing
of heterochromatin (12,13) and euchromatin sequences (7)
and has a critical role in early embryonic development.
Among the genes, those identified as targets of SETDB1-
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mediated repression are tumor suppressors RASSF1A and
P53BP2 (14). As a parallel activity, SETDB1 acts as protein
methylase and, interestingly, a recent report pointed to
a role in HCC for this enzyme in the methylation of the
tumor suppressor p53 (15).
Wong and colleagues started their study by wholetranscriptome sequencing (RNA-seq) comparing the
expression levels of a large set of the known chromatin
modifiers in HBV-associated primary HCC to correspondent
NT livers. Overall, several epigenetics regulators were
found modulated, highlighting the relevance of epigenetic
mechanisms in controlling aberrant HCC gene expression.
In particular, SETDB1 was found significantly upregulated
at both RNA and protein levels; this result was confirmed
in several in vitro models of HCC. Notably, SETDB1
expression levels were also associated to clinicopathological
features and survival rates of patients and this analysis
suggested its overexpression to have a prometastatic role
and a correlation to poor prognosis. To investigate the
possible direct functional role of SETDB1 in HCC, these
authors knocked-down the expression of this enzyme in
two cell models (Hep3B and MHCC97L) and tested the
effects of its silencing; SETDB1 knockdown was found to
be able to suppress proliferation in vitro and reduce tumor
size in in vivo orthotopic livers. Moreover, coherently with
the finding of an up-regulation of SETDB1 in patients’
metastases, its knock-down was found to attenuate HCC
lung metastasis in orthotopic implants in nude mice. RNAseq was then used to investigate the global transcriptional
modulation in SETDB1 knock-down cells and, as expected,
the enriched target genes identified by these analyses belong
to multiple pathways often deregulated in cancer, including
those involved in the control of cell-cell adhesion. Data
were further validated by ChIP and RT-qPCR analysis.
This study also focused on mechanisms of SETDB1
upregulation in HCC and, of note, multiple levels of control
have been identified. Firstly, the SETDB1 gene copy gain
was found at chromosome 1q21 (this chromosomal region
is frequently amplified in human HCC). Secondly, aiming
at the identification of putative consensus binding site for
transcriptional regulators on SETDB1 gene they performed
an in silico analysis that allowed for identification of the
specificity protein 1 transcription factor (SP1); its role
as transcriptional activator of SETDB1 gene was further
confirmed by luciferase reporter assay and inactivation by
mithramycin A treatment or siRNA silencing. Finally, the
post-transcriptional regulation of SETDB1 was found to be
mediated by the down-regulation of the microRNA-29.
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Overall these data are of interest not only for the
clarification of the oncogenic role of SETDB1 in HCC
development but also because these results integrate with
other recent findings contributing to the identification
of SETDB1 as a new relevant marker of HCC. In fact,
recently Fei and colleagues (15) identified in the SETDB1mediated di-methylation of the tumor suppressor p53 a
mechanism by which this methyltransferase executes its role
in HCC.
Moreover, SETDB1 has been found to interact with
the DNA methyltransferase DNMT3A (14). Interestingly,
miR-29 family members are also known to target
DNMT3s in HCC cells (16): low levels of miR-29 and
DNMT3A modulation have been correlated to HCC
aggressiveness (17) and the treatment with a DNMTs
inhibitor is able to impair metastasis (18). On the other
hand, miRs-29 levels are controlled to maintain the
differentiated hepatocyte phenotype (19). Thus, miR29 family members control methylation activity on both
histones and DNA.
In our view, while more efforts are needed to better
clarify the role of SETDB1 in all HCC stages, particularly
with respect to specific cancer-related targets, the provided
evidence indicates this enzyme as a promising target in
future therapy. Therefore, further development of specific
inhibitors suitable to clinical use is opportune.
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Abstract: Hepatocellular carcinoma (HCC) is one of the most prevalent human cancers worldwide.
Its development is considered a step-wise process in which genetic and epigenetic alterations lead to the
activation of oncogenes and the inactivation of tumor suppressor genes. In contrast to genetic alterations,
epigenetic changes that include aberrant methylation, histone modification and RNA interference do not
alter the genetic code, but affect the level of mRNA transcripts. In addition, these epigenetic alterations may
influence each other. In their elegant study, Wong et al. analyzed the expression of 591 known epigenetic
regulators in human HBV-induced HCC by transcriptome sequencing. They identified SETDB1 as the most
significantly up-regulated epigenetic regulator in human HCC. In their cohort SETDB1 overexpression
was associated with metastasis formation and poorer prognosis of HCC patients. Interestingly, the authors
observed several complementary mechanisms contributing to the upregulation of SETDB1 in HCC
cells. Besides copy number gains at the SETDB1 gene locus at chromosome 1q21 enhanced SETDB1
transcription mediated by the transcription factor SP1 could be detected. Finally, Wong and colleagues
showed that SETDB1 is a target of miR-29, which is frequently downregulated in human HCCs. Taken
together, SETDB1 overexpression is mediated by several complementary acting mechanisms suggesting
that upregulation of SETDB1 may be a hallmark of HCC progression. This study warrants for independent
validation, analyses of a larger series of non-HBV-associated human HCCs, and for further testing of
methyltransferase inhibitors as well as molecules targeting SETDB1 in (pre-)clinical studies.
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Hepatocellular carcinoma (HCC) is one of the most
prevalent human cancers worldwide (1). The most prevalent
etiological factors are chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections, chronic alcohol
consumption and, in certain geographical areas, aflatoxin B1
exposure (2).
Human hepatocarcinogenesis is considered a stepwise process in which genetic and epigenetic alterations
lead to the activation of oncogenes and the inactivation
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of tumor suppressor genes. In contrast to genetic
alterations, epigenetic changes that include aberrant
methylation, histone modification and RNA interference
do not alter the genetic information, but affect the level
of mRNA transcripts. Importantly, epigenetic alterations
may influence each other. For instance, methylation of
microRNA (miRNA) genes may affect their expression
level (3), while genes affecting the chromatin structure (e.g.,
DNMT1, DNMT3a/b, HDAC4 etc.) may be targeted by
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miRNAs (4).
Covalent modification of specific residues within amino
terminal tails of histones alters chromatin structure and
function. The unique combination of certain modifications
has been described as the histone code. In principal two
groups of multiprotein complexes that affect this code can
be differentiated: the Polycomb (PcG) and the Thritorax
group (TrxG). PcG proteins establish histone modifications
that repress transcription, whereas TrxG proteins establish
histone modifications that activate transcription (5).
The SET domain, bifurcated 1 (SETDB1) gene is located
at chromosome 1q21 and encodes a 143-kDa protein with
multiple functional domains. The C-terminal SET domain
is responsible for H3K9-specific lysine methylation (6).
SETDB1 was linked to transcriptional repression of
euchromatin (7) and has been shown to be important for
the maintenance of ES cell state by repressing lineage
specific gene expression (8,9). A body of evidence indicates
that ‘miswriting’, ‘misreading’, or ‘mis-erasing’ of histone
modifications contributes to the initiation and development
of human cancer (10).
In their study, Wong et al. analyzed the expression of
591 known epigenetic regulators in HBV-induced human
HCCs by transcriptome sequencing (11). They observed
that upregulation of epigenetic modulators (341/351
deregulated modulators) is a common event in human
HCC and identified SETDB1 as the most significantly upregulated epigenetic regulator in this type of liver cancer.
SETDB1 overexpression was significantly associated with
HCC progression, cancer aggressiveness (e.g., formation of
tumor microsatellites and metastasis), and poorer prognosis
of HCC patients. In particular, SETDB1 was upregulated in
all metastatic lesions analyzed and inactivation of SETDB1
reduced the proliferative and migratory capacity of HCC
cells, suppressed orthotopic tumorigenicity, and abolished
the formation of lung metastasis, suggesting that SETDB1
is a bona fide oncogene that is important for HCC growth
and metastasis. Depletion of SETDB1 reduced global H3K9
trimethylation level leading to transcriptional reactivation
of 828 genes, while the levels of H3K27 trimethylation and
H3K4 trimethylation remained unaffected. Consistently,
the expression level of these SETDB1 target genes was
downregulated in human HCC and negatively correlated
with the SETDB1 expression levels.
The second important finding of Wong et al. is the
identification, that several complementary mechanisms
contribute to the SETDB1 upregulation in HCC cells (11).
Besides copy number gains at the SETDB1 gene locus
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at chromosome 1q21 enhanced SETDB1 transcription
mediated by the transcription factor SP1 could be detected.
Finally, Wong and colleagues showed that SETDB1 is
a target of miR-29, which is frequently downregulated
i n h u m a n H C C s ( 1 1 ) . Ta k e n t o g e t h e r, S E T D B 1
overexpression is mediated by several complementary acting
mechanisms suggesting that upregulation of SETDB1 may
be a hallmark of HCC progression.
We recently reported a similar multi-layer dysregulation
of the Mouse double minute homolog 4 (MDM4) in
human HCC, which leads to functional inactivation of
p53 signalling, another hallmark of cancer (12). Thus, the
present study by Wong et al. underscores that hallmarks
of HCC development and progression are dysregulated by
several different, but co-acting mechanisms. Furthermore,
the miR-29 supported reactivation of SETDB1 expression
leads to epigenetic silencing of numerous target genes
suggesting the potential presence of an epigenetic
boost mechanism that may constitute a switch for the
development of HCC metastases.
In summary, this elegant study by Wong et al. warrants
for independent validation, analyses of a larger series of
non-HBV-associated human HCCs, and further testing of
methyltransferase inhibitors as well as molecules directly
targeting SETDB1 in (pre-)clinical studies. Considering
that SETDB1 is reported as commonly upregulated in
human cancers, the findings by Wong et al. may have
importance beyond liver cancer.
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Abstract: In the classical view, the formation of a primary tumor is the consequence of a mutational event
that first affects a single cell that subsequently passes through a multitude of consecutive hyperplastic and
dysplastic stages. At the end of this pathogenetic sequence a cell arises that is potentially able to expanse
infinitely having capacity to form a homogenous tumor mass. In contrary to this clonal expansion concept,
the majority of primary human tumors display already a startling heterogeneity that can be reflected in
different morphological features, physiological activities, and genetic diversity. In the past it was speculated
that this cancer cell plasticity within a tumor is the result of an adaptive process that is induced by specific
inhibiting therapies. In regard to the formation of hepatocellular carcinoma (HCC) this dogma was once
challenged in a recent study that analysed tumor areas that were taken from HCC patients without medical
pretreatment. Most of the analyzed samples showed highly significant intratumor heterogeneity. This
affected morphological attributes, immunohistochemical stainability of five tumor-associated markers
[α-fetoprotein (AFP), EpCAM, CK7, CD44 and glutamine synthetase], and integrity of genes (β-catenin and
p53) that are critically involved in the pathogenesis of HCC. Altogether, this study showed that intratumor
heterogeneity is a frequent finding in HCC that may contribute to treatment failure and drug resistance in
HCC patients.
Keywords: Cancer stem cell model; clonal evolution model; stochastic model; hepatocellular carcinoma (HCC);
subclone; tumor diversification
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Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer diagnosed worldwide and a prominent
source of mortality (1). It develops on the background
of many etiologies (chronic hepatitis B and C, nonalcoholic steatohepatitis, gene mutations) that either
trigger hepatocytes to replicate at higher rate or by
inducing a cellular phenotype that is resistant to apoptosis.
Current pre-clinical research is focussed on genes that
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are deregulated during HCC development and predictive
biomarkers that may lead to the identification of novel
pharmacological relevant target structures. Prototypically,
somatic mutations of the β-catenin gene (CTNNB1) leading
to aberrant nuclear expression of β-catenin and activation
of the Wnt/β-catenin pathway in HCC promote tumor
progression by stimulating tumor cell proliferation (2).
Likewise, there is a large mutational spectrum within the
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TP53 gene encoding the tumor suppressor p53. Several
p53 mutations have profound effects on its protective
activities towards DNA-damaging agents, chronic hepatitis
virus infection, and during the molecular pathogenesis
of HCC (3). Therefore, genetic testing for respective
alterations is diagnostically widely applied. In addition,
elevated expression of biliary/progenitor cell markers (e.g.,
cytokeratin 7, CK7; cytokeratin 19, CK19), cancer stem cell
surface markers (CD34, CD44, EpCAM), α-fetoprotein
(AFP), and other proteins that become differentially
expressed in the tumor were introduced in diagnosing
HCC. These immunohistochemical markers are widely used
to classify HCC into different prognostic subclasses sharing
similar characteristics or to guide therapeutic decisionmaking for personalized treatment in HCC. However, on
the observed lack of consistent therapeutic outcome it was
recognized during the last years that the histology-based
definition of the morphological heterogeneity of HCC
needs critical refinement (4).
Beside the observed variability among patients, a recent
study systematically characterized intratumor heterogeneity
in HCC in regard to morphology, immune phenotype,
and mutational status within the CTNNB1 and TP53
genes (5). In the mentioned study, the authors analyzed
120 tumor areas taken from 23 patients suffering from
HCC without medical pretreatment. In particular, the
samples were analysed for cell and tissue morphologies,
expression of tumor-associated markers (CK7, CD44,
AFP, EpCAM and glutamine synthetase) and for gene
mutations affecting the TP53 or CTNNB1 genes. In most
of the cases, the authors noticed intratumor heterogeneity
that either affected the morphology alone, the morphology
and immunohistochemical characteristics, or pertained
morphology, exposed antigens and mutational status of the
CTNNB1 and TP53 genes (Figure 1). Only three patients
showed homogenous tumors lacking the morphologic and
immunohistochemical intratumor heterogeneity.
Although the analyzed patient cohort in this study is
rather small, the study unequivocally shows that intratumor
heterogeneity is a frequent finding in HCC. Furthermore,
the morphological and immunophenotypical heterogeneity
within the tissue was associated with variable somatic TP53
and CTNNB1 gene mutations suggesting that the observed
endogenous tumor cell plasticity and tumor cell subclonality
in the affected liver tissue is crucially triggered by genetic
factors.
The observed intratumor heterogeneity in the tumorigenic
livers has major implications for diagnosis and therapy of
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HCC. In light of the present study, actual classification
criteria and scoring systems that are presently used in
prognostic staging of hepatic tumors are challenged by the
finding of intratumor heterogeneity. The TNM system
for example that is maintained by the American Joint
Committee on Cancer (AJCC) and the International Union
for Cancer Control (UICC) is widely used among clinicians
for tumor classification, determination of a targeted therapy
and assessment of the chance of a successful treatment
outcome (6). However, criteria of intratumor heterogeneity
are not included in this scoring system.
Since the study by Friemel and colleagues enrolled
patients without medical pretreatment, the findings further
confirm previous results that have shown that intratumor
heterogeneity is an intrinsic property of primary tumors
in which chemotherapy only promotes the dominance
of existing previously minor or dormant lineages (7).
Therefore, the imprinted heterogeneity of a primary
tumor might be one of the driving forces predicting
clonal evolution, tumor progression, and resistance to
chemotherapy.
There is clear evidence from many other tumors that
the phenotypic and functional heterogeneity hierarchically
arise among cancer cells as a consequence of genetic drift
and epigenetic environment differences (8). Based on this
assumption, HCC tumor diversification is a highly dynamic
process that might offer some new diagnostic avenues with
prognostic value. It also implies that in the development
of novel drugs or definition of therapeutic targets, the
occurrence of intratumor heterogeneity in HCC has
to be considered. As discussed above, well established
HCC staging systems such as the TNM classification (6)
incorporates only information about the characteristics of
the original primary tumor (T), the involved regional lymph
nodes (N), and the occurrence of distant metastasis (M).
Data on intratumorigenic heterogeneity might on longterm added to these scoring systems to better support the
requested personalization in HCC therapy and outcome
prediction. In this regard, the development of novel
single-cell Western blotting techniques (9), innovative
mass spectrometric imaging techniques designed for
detection of tumor heterogeneity (10) and single-cell
imaging techniques that have diagnostic capacity to unravel
different cell populations in a tumor (11) might offer new
diagnostic options to early track down such imprinted
intratumorigenic heterogeneities at single cell resolution.
During the last years several models were discussed that
should explain tumor heterogeneity (12). Currently there
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Figure 1 Intratumor heterogeneity. (A) Friemel and coworkers analysed 23 HCC patients without medical pretreatment. In most cases
(n=20), intratumor heterogeneity was observed solely on the level of morphology (n=6), on the level of morphology combined with
immunohistochemical heterogeneity (n=9), and heterogeneity in regard to morphology, immunohistochemistry and mutational status of
the tumor suppressor p53 (TP53) and β-catenin (CTNNB1) (n=5). Only three tumors were phenotypically homogenous, meaning that there
was no morphological or immunohistochemical variation observed. The authors concluded that this intratumor heterogeneity is a challenge
for the establishment of a robust HCC classification and a critical factor that contributes to treatment failure and the development of drug
resistance; (B) the analyzed morphological characteristics, immunohistochemical parameters as well as the detected TP53 and CTNNB1 gene
mutations are depicted. More details on this study are given elsewhere (5). HCC, hepatocellular carcinoma.

are two models that are favoured (Figure 2). In the “cancer
stem cell model”, it is supposed that within a population
of tumor cells, there is a distinct subset of cells with selfrenewal capacity that are potentially tumorigenic (13).
These cells can drive tumor growth and intratumor
heterogeneity might result from differences in the stem
cells which contributed to the pathogenetic event. In
the “clonal evolution model” that was already proposed in
1976 it is assumed that the primary tumor arises from a
single mutated cell that accumulates additional mutations
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during its uncontrolled multiplication (14). The resulting
heterogenic subclones in turn have also potential to
form further subclones that have reproductive or survival
advantages in the tumor environment. This hypothesis is
also compatible with the establishment of a mosaic tumor
that has the observed variations in genotype and phenotype.
Certainly, these two models are not mutually exclusive and
it is not excluded that they both cooperate or synergistically
act in establishing intratumor heterogeneity during
neoplastic transformation and HCC.
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Figure 2 Models of tumor growth. The cancer stem cell model (A) suggests a hierarchy of cells in which only a small subset of tumorigenic
cells exists. These tumor-forming cancer stem cells (CSC) have self-renewal capacity (SR) and potential to differentiate into nontumorigenic cells. As a consequence, a neoplasm contains cancer stem cells that feed the abnormal growth of the tissue, cells that divide a
few times before they differentiate into specialized tumor cells, and inactive tumor cells. The clonal evolution theory (B) that is a stochastic
model suggests that a tumor is the result of a single mutated somatic cell that acquires a highly proliferative phenotype and accumulates
additional mutations during repeated divisions. There is no hierarchy during tumorigenesis and the resulting subpopulations have different
potential to grow and divide. The resulting subclones can independently choose between self-renewal and differentiation and during time
the tumor environment create dominant cell variants that have acquired growth advantages. While in the cancer stem cell model individual
CSCs are therapeutic targets, individual somatic cells with unwanted reproductive or survival properties must be tackled therapeutically
according to the clonal evolution model.

To emphasize it again, the observed intratumorigenic
heterogeneity has wide implication in HCC therapy. It
is obvious that the different clonal subpopulation within
the tumor may exhibit different sensitivities to drugs and
causative involved in mediating drug resistance. Moreover,
since the epigenetic and genetic factors that provoke
the formation of different tumor cell subclones is nearly
infinitely, it can be assumed that each patient acquires a
highly individually mixture of subtumors that is unique in
regard to genetic, immunologic and clinico-pathological
phenotype. This diversity is further modulated by patient's
specific tumor microenvironment consisting of different
numbers and amounts of soluble factors, signalling
molecules, extracellular matrix components and many other
factors.
Consequently, each patient needs a highly personalized
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therapy targeting its individual divergent cancer entity.
The complexity in elaborating such sophisticated
treatment regimens is a scary clinical challenge that
will require new diagnostic approaches for definition of
intratumorigenic diversity. It was recently proposed that
a computationally predictive combination therapy in the
context of intratumoral diversity is a chance to maximize
tumor cell death and to minimize the outgrowth of clonal
subpopulations (15).
In regard to HCC, it is now first necessary to estimate
the potential relevance of intratumorigenic diversity for
the pathogenesis and outcome prediction in larger patient
cohorts. It is also required to dissect if the observed
spatial and temporal alterations during the initiation and
progression of HCC are dependent on the etiology of
the tumor and to dissect the genetic or epigenetic factors
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that influence generation of intratumor heterogeneity.
Unravelling of inter-individual differences in susceptibility
for intratumor heterogeneity will possibly allow on
long-term to establish novel personalized treatments
designed for specific subsets of HCC patients that carry
similar combinations of heterogenic morphological,
immunohistochemical, immunologic or mutations.
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Abstract: Hepatocellular carcinoma (HCC) is a highly heterogenous disease and intratumor heterogeneity
is a well-known fact within each individual tumor, and may involve morphological, immunohistochemical,
and molecular heterogeneities. Understanding of intratumor heterogeneity of HCC should provide critical
knowledge about prognosis of the disease and response to therapy. In a recent article by Friemel and
colleagues, the investigators utilized a comprehensive approach in linking immunohistochemical markers and
molecular changes to morphological intratumor heterogeneity in HCC. The study found that intratumor
heterogeneity was detectable in 87% of HCC cases. Combined heterogeneities with respect to morphologic,
immunohistochemical, and mutational status of the two most important driver mutations CTNNB1 and
TP53 were seen in 22% of HCC cases. The study demonstrates the challenges facing therapeutic strategies
targeting single molecules and may explain the limited success so far in developing molecular targeted
therapy for HCC.
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Hepatocellular carcinoma (HCC) is a primary malignant
hepatocellular epithelial tumor that frequently occurs in
the setting of chronic liver disease and in the background of
cirrhosis. The carcinogenesis of HCC is a complex process
and is associated with multiple risk factors. HCC may
present as a solitary liver nodule or multinodular disease.
This may involve one hepatic lobe or scattered throughout
the liver. HCC involves multistep carcinogenesis in which
dysplastic nodules are precursors to the development of
HCC (1,2).
HCC is a highly heterogenous disease and intratumor
heterogeneity is a well-known fact within each individual
tumor. The pathologic classification of HCC is based
on the degree of cellular differentiation. This includes
well-differentiated, moderately differentiated, poorly
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differentiated, and undifferentiated tumors. The cancerous
tissue of two different histological grades may be present
in a single tumor. Immunohistochemistry may aid in
the diagnosis of HCC; staining for pCEA or CD10 is
diagnostic of HCC (3,4). The tumor may also stain for
other markers such as alpha-fetoprotein (AFP), hepatocyte
paraffin 1 (HepPar1), cytoplasmic thyroid transcription
factor-1 (TTF1), glutamine synthetase, GPC3, CK8 and
CK18. However, not all HCC cells express the tumor
marker AFP. Therefore, AFP is insensitive for diagnosis
of HCC (5). Immunohistochemical staining showed that
p53 and beta-catenin overexpression was significantly
related to the histological differentiation of HCC.
However, tissue obtained from HCC may exhibit different
immunohistochemical characteristics in the same tumor.
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Furthermore, a wide array of genetic heterogeneity has
been described in HCC. It is clear that HCC is less likely to
be caused by a single driver mutation.
Intratumor heterogeneity of HCC plays an important
role in the prognosis of the disease. The prognosis of HCC
is dependent on four important clinical criteria. These
include the severity of underlying liver disease, the size
of tumor, lymphovascular invasion and distant metastasis.
The intratumor heterogeneity plays a key role in tumor
size, cellular differentiation and lymphovascular spread.
Well-differentiated small HCC tends to be less aggressive,
exhibits a gene expression of hepatocyte function-related
genes, and carries a better prognosis while moderately/
poorly-differentiated larger tumors tend to have a worse
prognosis. These tumors exhibit gene expression through
TGF-beta pathway, Akt and Myc pathway (6). Aggressive
tumors are characterized by TP53 inactivation mutations,
which can be observed in up to 50% of HCC cases.
Activation of the pro-oncogenic signaling pathway β-catenin
is found in 20–40% of HCC.
Detection of HCC intratumor heterogeneity is important
for development of effective targeted therapies. While
liver transplantation, surgical resection and radiofrequency
ablation (RFA) offer a curative treatment for HCC, it is not
an option for patients with intermediate/advanced stage
HCC. Sorafenib, a multikinase inhibitor of several tyrosine
protein kinases [VEGF receptors and the platelet-derived
factor beta (PDGFB) receptor], is implicated in the current
treatment of patients with intermediate/advanced HCC.
Sorafenib has shown a modest increase in median survival in
clinical trial (7). Other anti-VEGFR pathway therapies such
as sunitinib, vandetanib, brivanib and bevacizumab have
been tested. The vascular heterogeneity within the tumor
prevents the acquisition of adequate drug concentration
and reduces response to therapy. Furthermore, intratumor
heterogeneity plays a role in drug resistance.
Thus, better understanding of intratumor heterogeneity
of HCC should provide critical knowledge about prognosis
of the disease and response to potential future therapy.
By identifying the underlying molecular drivers of
heterogenous tumor, specific or combined therapy targeting
groups of cells within the tumor may provide therapeutic
efficacy.
The recent study by Friemel et al. (8), aimed at making
a link between morphologic intratumor heterogeneity,
immune phenotypes and genetic heterogeneity of the
two most important driver mutations in HCC β-catenin
1 (CTNNB1) and tumor protein p53 (TP53) sheds
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more light on HCC intratumor heterogeneity. A notable
strength in this study is the comprehensive approach in
linking immunohistochemical markers and molecular
changes to morphological intratumor heterogeneity. The
study found that intratumor heterogeneity was detectable
in 87% of HCC cases. The frequency of morphological
intratumor heterogeneity was associated with larger tumor
size and higher tumor stage, although it did not reach
statistical significance, most likely due to a small sample
size. The morphological heterogeneity combined with
immunohistochemical heterogeneity was noted in 39% of
the cases. Further, combined heterogeneities with respect to
morphologic, immunohistochemical, and mutational status
of the two most important driver mutations CTNNB1 and
TP53 were seen in 22% of HCC cases indicating that these
driver mutations are not uniformly present in all tumor
regions within the same tumor.
Although the sample size in the study by Friemel and
Colleagues was small, the study was powerful in utilizing
the combined morphological, immunohistochemical,
and molecular approaches to comprehensively document
intratumor heterogeneity. The study clearly demonstrates
the challenges facing future therapies by targeting single
molecules and may explain the limited success so far in
developing molecular targeted therapy for HCC. Future
studies may improve therapeutic efficacy by identifying
the underlying molecular drivers of heterogenous tumors,
which in turn may lead to development of specific or
combined therapeutic strategies targeting groups of cells
within the tumor.
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Hepatocellular carcinoma (HCC) is a major worldwide
health burden with over 700,000 cases diagnosed annually (1).
Proven risk factors include Hepatitis B and Hepatitis C
infections, alcoholic liver disease and, more recently, nonalcoholic fatty liver disease (2,3). HCC is the major cause
of death in patients with cirrhosis (2) and in most countries,
the mortality rate nearly equals the incidence rate (4). To
date, the definition of adequately sensitive and specific
HCC biomarkers and signaling pathways has proven to be
extremely complicated, in large part due to this cancer’s
genetic heterogeneity [both between patients and within
individual patients (5,6)] as well as patient heterogeneity
depending on the underlying risk factor(s) present and
other patient background genetic determinants. As such,
the future of improved HCC diagnosis, prognosis and
treatment (or most any cancer for that matter) will likely
rely on a combination of multiple biomarkers, enhanced
imaging technologies and accurate clinical assessment of the
patient (2,7).
Limin Xia’s group report in this issue of Chinese Clinical
Oncology (CCO) that Sox12, a transcription factor containing
the SRY (sex determining region Y) related high mobility
group box DNA binding domain, positively correlates with
human HCCs that display aggressive clinical characteristics,
including poor overall survival and higher recurrence rates
post-surgical resection (8). Importantly, they demonstrate
upstream (FoxQ1) and downstream (Twist1 and FGFBP1)
effectors in Sox12-associated HCCs and thus begin to
identify a “gene cloud” for HCCs with a poor prognosis.
I define a gene cloud as a group of genes that work
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together to realize a particular biological process, such as
a biochemical pathway or a gene signaling network. For
example, the Wnt/β-catenin signaling pathway involves a
number of genes (c-Myc, Cyclin D1, Frizzled, Sox1, etc.)
that can be thought of as comprising a “cloud”. Which
genes are active or inactive in the cloud will determine the
cloud’s function, i.e., differentiation versus proliferation
versus homeostasis (9,10). Clouds driving processes such
as proliferation, EMT activation and dedifferentiation will
differ between normal cells, premalignant cells, cancer
cell tissues of origin, cancer subtypes (e.g., benign versus
malignant) and even between different tumor nodules
within the same patient. Our current understanding of gene
ontology is vexed by the fact that most any given gene’s
function is entirely contextual: the same gene can have
one particular function in a given cell type or disease state
and an entirely different function in another. The great
challenge of biology today is to comprehensively understand
how each gene functions depending on its interaction
with other genes, the cell differentiation environment
and extracellular milieu. The “cloud” concept attempts to
incorporate the contextuality of gene function beyond our
currently simple gene ontology lists.
So it is important to define entire gene clouds to learn
how each individual gene is functioning relative to the
remaining gene cloud members. The size of a cloud will
depend on the complexity of the process. For example,
a “simple” biologic process such as initiation of cell
proliferation may involve hundreds of genes whereas a
complicated process such as malignant cancer potential
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may involve thousands of genes. Xia’s group has begun to
scratch the surface of understanding an “HCC metastasis
gene cloud” in demonstrating the synergy of Sox12/Twist1,
Sox12/FGFBP1 and Sox12/FoxQ1 co-expression in more
biologically aggressive tumors. Clearly, a single gene or
even two genes together do not tell the whole story. The
task of completely defining an entire gene cloud even in
the simplest of biological processes is protean, but Xia and
colleagues are on the right path.
HCC recurrence is known to be associated with many
clinical factors, especially vascular invasion, tumor grade,
tumor size/burden and, more often than not, Alpha
Fetoprotein levels. Sox12 overexpression correlates with
tumor encapsulation loss, microvascular invasion and
higher TNM staging as per Xia’s investigations, but how
is Sox12 actually functioning? From what is known from
other Sox gene family members in their regulation of
specification and differentiation in various cell types (11),
Sox12 may simply enable metastatic potential in HCC by
enacting or participating in a dedifferentiation program.
But might Sox12 be more specifically involved in cell
growth deregulation or vascular invasion? Existing data
and materials are in hand to address these questions and
hopefully shed more light on Sox12’s exact function in
hepatocellular carcinogenesis (12).
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The hepatocellular carcinoma (HCC), a malignant tumor
of liver parenchymal cells, is one of the most common
malignances in the world. Currently, it ranks among the top
ten leading cancer types for estimated deaths in both sexes
and its incidence continues to increase. In the majority of
all liver cancer cases (three-quarters), a chronic infection of
hepatitis B virus (HBV) or hepatitis C virus (HCV) leads
to chronic liver damage and plays an important role in
hepatocarcinogenesis (1-3).
The current therapy and management of HCC follows
staging, grounded on clinical practical guidelines. The
management of local diseases varies from resection, with
local ablation and liver transplantation dependent upon
other terms from the number and size of lesions and clinical
performance status. Unfortunately, most HCC patients
attain locally advanced or metastatic diseases and reduced
liver function due to the underlying cirrhosis, which
commonly impairs curative treatment considerations. The
only currently approved palliative agent, sorafenib, targets
different growth signals and angiogenesis by blocking RAF
and other kinases. Despite the effects of this approved
drug, some HCC cells are initially resistant to it (primary
resistance) or become resistant (secondary resistance) after
long-term exposure to the drug. The need for sufficiently
therapeutic options is highlighted by the prognosis, which
drops from ≥36 to ≤16 months of median survival for
patients with advanced or metastatic diseases (4-6). The
ongoing clinical development of new targeted agents along
with the identification of clinically relevant biomarkers
might provide further advances (7). Biomarkers are a
helpful tool to prognosticate patients’ clinical outcome and
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might help to improve the stratification of patients with
similar clinical or pathological stages. The commonly used
and established HCC tumor marker alpha-fetoprotein
is rather unspecific and often results in false positives
or positives due to known prepositions (liver cirrhosis,
chronically hepatitis) (8). This shows the urgent need
for specific and significant markers and a screening test
for HCC including the individuality and complexity of
every patient and HCC (9-11). In this context, a recently
published paper by Aleksandrova et al. illustrates the
complexity and range of this topic. The authors showed
that a higher risk of HCC is also associated with elevated
levels of biomarkers of inflammation and hyperinsulinemia
(interleukin-6, CRP, Adiponektin, C-Peptid) independent
of obesity and established liver cancer risk factors (12).
Recent technological advances, especially next generation
sequencing (NGS) strategies, have enabled a completely
new view of the underlying molecular mechanisms in cancer
genomics, bringing the level of information from the single
parametric level to the multi-genomic area (13,14).
Since the genomics era, our understanding of cancer
biology has greatly improved, while simultaneously the
complexity of the cancer genome was pictured. The success
in translating cancer genomics offered potential targets,
which can extends the lives of many cancer patients. In
the context of HCC, frequently diagnosed as multifocality
tumors, the prognosis is quite different for patients. One
reason for this disparity is that the differentiation between
synchronous developed multi-focal lesions and intra-hepatic
metastatic spread was nearly impossible to observe with
classical diagnostic tools. The latter has a significantly poor
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clinical outcome, making a stratification of these two multifocal events important. Recently, a very interesting paper
by Miao and colleagues showed the power and impact of
this possible approach prior the above discoveries. Through
the use of multi-omics profiling of HCC tissue specimen
(tumour and normal) and integration with detailed clinicopathological information the HCC type, clonality and
aggressiveness could be described and promising prognostic
markers were found (15). In their study, they selected two
multifocal HBV-related HCC patients as following: patient
I (PI) with cirrhosis and poorly differentiated HCC died
of recurrences three month after resection and patient II
(PII) was non-cirrhotic and well-differentiated multifocal
HCC, no recurrences appeared within 2 years after surgery.
Based on this clinical presentation, they hypothesized that
PI had intrahepatic metastases in contrast to PII whom they
assumed had synchronous primary tumour development,
without spread or metachronous lesions. NGS was carried
out for each patient with different tissues from multiple
lesions, non-cancerous liver controls and peripheral blood,
and the results were validated by independent PCR analysis.
The different manifestations of the multiple tumours
in these two patients were first explained with the HBV
integration data that suggested different pattern of tumour
clonality. Whereas the HBV integration was associated
with a 3,209 bp event in the intergenic region of 3q26.1 in
all tumours of PI (monoclonal origin of metastases), the
PII tumours had completely different HBV integration
sites (different tumour-initiating clones). This finding
was validated by the following four different experiments.
Somatic mutations including substitutions and small
insertions/or deletions were studied. Through analysis of
whole-genome sequencing and SNP genotyping data, copy
number variations were assessed. Additionally, genomic
structural variations were analyzed and a phylogenetic tree
was constructed. Together, these findings clearly indicate
the genomic similarities of all PI tumours and distinct
mutation profiles of PII (13,14).
The transcriptomic analyses supports the genetic
alterations identified at the genomic level.
Moreover, based on the multi-omic results, potential
biomarkers for prognosis were validated in an independent
cohort of 174 HBV-related HCC patients. Genes were
evaluated for pathway enrichment and in parallel associated
with clinico-pathological characteristics. In the correlation
of gene expression with postsurgical prognosis, Miao et al.
found out that TKK expression might be an independent
prognostic indicator for metastatic potential, postsurgical
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recurrence, and survival of HCC patients (15). Interestingly,
the median recurrence-free survival was 3.53 months in
TKK-high group compared to 12.48 months in TKKlow group (P=0.0122). In spite of this encouraging data,
independent confirmation in different cohorts should be
the next steps to enable a generalizability of this result. For
instance, a further independent evaluation of TKK expression and prognostic relevance in HCC can be done by using
publicly available data and also by comparing their findings
in non-HBV-related HCC.
Additionally, the HBV X protein (HBx), one of
four overlapping open-reading frames of the doublestranded DNA genome of HBV, is known to influence
the development of HCC in different processes including
metastasis and involvement in p53 signaling (16). While
performing the transcriptomic analyses and validation of
biomarkers of multifocal HCC, it would have been of interest
to connect the generated data with HBx expression (17).
For the first time, the authors were able to explain and
define on the levels of genomic and transcriptomic studies
the different multi-focal tumour development models in
HCC (metastatic versus synchronous primary). With this
work, new mechanisms in HCC development were found
and consequently HCC biomarkers could be identified and
validated in HCC patient cohorts, which offers new and
helpful therapy planning options and may influence clinical
decision making.
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Recent technological advancements in comprehensive
genome and transcriptome analyses have clarified the
molecular pathways underlying the development of human
hepatocellular carcinomas (HCCs). However, there is still
a gap between the results of multi-omics analyses and their
clinical implications. Because of the large quantity of data
obtained through these types of analyses, identifying target
molecules important for clinical uses is difficult.
Miao et al. linked multi-omics results with the
management of HCC (1). They performed whole genome
sequencing of noncancerous liver samples and multiple
HCC nodules of the same patients. They distinguished
two types of nodules—metastatic nodules derived from
a primary tumor and multicentric nodules that occur
synchronously—and successfully clarified the clonality
and aggressiveness of multifocal HCCs. For example,
metastatic nodules showed a sequential progression of
genetic alterations from the primary tumor to the portal
vein thrombus and metastatic satellite metastatic lesions.
Previously, Tao et al. also analyzed mutations in multiple
nodules of the same patients using whole genome data;
they elucidated cancer growth dynamics and the associated
mutations (2). It is possible that comprehensive analyses of
genetic alterations should be a powerful tool to distinguish
metastatic lesions from the multicentric occurrence of
HCCs, and to manage HCCs. For example, the recent
development of direct-acting antiviral agents for hepatitis
C has enabled the eradication of the virus even in patients
with advanced liver cirrhosis and HCC (3). It is also known
that a sustained virologic response after treatment of
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hepatitis can decrease the emergence of HCC and mortality.
Therefore, if it could be demonstrated that nodules were
not metastatic but instead originated from independent
tumors, such patients would be suitable for antiviral
therapies after the curative treatment of HCC, preventing
recurrence. Moreover, the indication of liver transplantation
for patients with HCC could be expanded by this type of
molecular analysis. Typically, the Milan criteria are applied
for selecting cases with HCC that are appropriate for liver
transplantation. However, it is possible that the risk of
recurrence differs for patients with and without metastatic
lesions. From this point of view, the clonality of multifocal
nodules should be considered for the indication of liver
transplantation in HCC patients.
Using a large patient cohort, Miao et al. also identified
the key mitotic checkpoint regulator TTK as a promising
overall prognostic marker for HCC (1). Based on the
transcriptome analysis, more molecules responsible
for cellular function were found to be deregulated to
a greater extent in metastatic lesions than in primary
tumors. On the other hand, gene expression alterations
in non-metastatic nodules resulting from multicentric
occurrences were trivial. TTK expression was significantly
correlated with tumor grade in the expression analysis
using a large cohort of HBV-positive HCC cases.
Importantly, TTK mRNA expression levels were inversely
correlated with the recurrence-free survival and overall
survival of these patients. The group with high TTK
expression showed shorter times to HCC recurrence than
the group with low TTK expression. This finding could

www.amegroups.com

Precision Medicine in Hepatobiliary Cancer

also have clinical importance because it affects the HCC
management strategy; the selection of HCC cases for
invasive treatment including liver transplantation, and the
need for antiviral treatment for HCV-positive cases after
curative treatment of HCC (4). Further validation using
HCV-related and non-viral HCC patients is necessary
because the mutational profile might differ between
HBV-positive and -negative HCCs (5,6). Nevertheless, it
is possible that “omics” analyses will be a powerful tool
for the development of a cure for liver disease including
HCC in the near feature.
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Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-related death worldwide (1). Although
numerous studies have examined the molecular mechanisms
involved in hepatocarcinogenesis, powerful diagnostic and/
or prognostic factors as well as an efficient therapeutic
target for HCC have yet to be developed.
In the recent investigative study by Miao et al. (2),
“Identification of prognostic biomarkers in hepatitis B virus
(HBV)-related HCC and stratification by integrative multiomics analysis”, the authors addressed the characteristics of
multifocal HCCs using a global genome and transcriptome
analyses approach, and identified novel biomarkers predicting
survival duration. In their study, the authors compared the
genetic profiles of multifocal HCCs from two patients with
different outcomes after surgery. Patient I (PI) had multiple
liver tumors (poorly differentiated HCC) with portal vein
tumor thrombus and a very short survival, whereas patient II
(PII) had multi-centric nodules in the liver (well-differentiated
HCC) and achieved a long survival.
Miao et al. (2) reported differences in the HCC features
between the two patients in several aspects. They found
that the HBV genome was integrated in a particular
region in all tumors in PI, but the integration sites differed
between nodules in PII. Whole-genome sequencing
analysis demonstrated differences in the pattern of copynumber variations between the two patients; that is,
some amplifications or deletions in particular regions
were detected in all nodules in PI, whereas the alteration
patterns varied between nodules in PII. According to the
phylogenetic tree that was established based on the analyses
of gene mutations, copy number variations, and structure
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variations, in PI the intrahepatic metastatic tumors were
most distant from the putative germline compared to portal
invasion or primary tumors, whereas in PII multiple tumors
located the same distance from the germline and each other.
These findings suggest that all of the nodules that formed in
the liver of PI originated from the primary tumor, whereas
in PII the liver tumors developed in an independent
molecular process.
Next, the authors analyzed the gene expression profiles
of the PI and PII tumors. Every tumor in PI shared a
similar gene expression pattern, consistent with findings
from the genomic approach. Pathway analysis clarified
that all the tumors in PI had a deregulated function in
common, whereas each of the tumors in PII had a distinct
transcriptomic dysregulation pattern. In addition, the
functional changes essential for metastasis, including cell
migration and proliferation, were remarkable in PI tumors
compared with PII tumors, suggesting an association with
tumor aggressiveness and patient prognosis.
Lastly, the authors selected seven candidate genes with
highly differential expression between the two patients,
followed by validation studies using paired tumor/nontumor tissues of 174 HBV-HCC patients to confirm the
specificity of the gene expression in HCC tissue. Among
the candidate genes, they identified the expression of TKK,
a dual-speciﬁc protein kinase participating in the p53
pathway, as being significantly correlated with tumor grade,
recurrence-free survival, and overall survival; emphasizing
the possible applicability of TKK as a novel adverse
prognostic factor of HBV-HCC.
In their article, the Miao et al. (2) described the different
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molecular features of tumors that developed in the two
patients with multiple HCCs using various methods,
including identification of the HBV integration sites,
somatic mutation pattern, copy-number variations, and
phylogenetic analysis. Especially, in patients with aggressive
HCC having a poor prognosis, analyses of vascular invasion
and metastatic nodules might enable us to speculate the
types of genetic alterations necessary for the primary
tumor to acquire the ability to metastasize. The authors
demonstrated that aggressive tumors acquired malignant
potential, including functional somatic mutations and
gene signatures related to functional changes. Through
their multi-omics analyses, the authors identified the
contribution of a novel prognostic biomarker, TKK, to
tumorigenesis in various human cancers by modulating the
mitotic checkpoint, which is worthy of special mention.
Recently, omics technologies driven by advanced
mass spectrometry have been applied as powerful tools
to improve the understanding of the pathogenesis and
treatments of various diseases, including human cancers
(3,4). In general, omics technologies are deﬁned as
concurrent high-throughput methods that are speciﬁcally
utilized for global proﬁling of in vivo molecules (DNAs,
RNAs, proteins, and metabolites) present in various biologic
matrices. Introducing omics technologies to analyses of
the pathogenesis or treatments of human diseases might
contribute not only to the identiﬁcation of molecular
biomarkers used in a clinical context, but also to exploration
of the pathogenesis of various diseases in an experimental
setting. Indeed, multiple omics technologies have been
broadly utilized in cancer research. In particular, these
technologies are often used to dissect different biologic
aspects of tumors for the purpose of biomarker discovery,
developing a better understanding of the pathogenesis, and
for therapeutic discovery.
Recent outstanding advances in analysis technology,
including ultra-deep sequencing, enabled us to perform
multi-omics analyses more rapidly, precisely, and easily.
Several studies have examined exome-sequencing or whole
genome sequencing to identify driver gene mutations in
HCC (5-7). In addition, several gene-expression proﬁling
studies have suggested a variety of multi-gene scoring
systems that are useful for classifying HCC and predicting
overall survival and/or recurrence-free survival (8,9).
These previous studies focused on various genes as putative
prognostic markers or predictors of the malignant potential
of HCCs. In the near future, additional cohort studies
on prognostic factors of HCC patients will be conducted
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using omics technologies and it is expected that potential
candidate genes associated with prognosis or recurrence of
patients with HCC will be identified.
Although the perspectives mentioned above contribute
to elucidating the pathogenesis of HCC, the abundant data
obtained using those strategies could be confusing due to
the magnitude and complexity of the information. In Miao
et al. (2), the authors focused on TTK as a representative
adverse prognostic marker, but the relationship between
high expression of the gene TTK and the poor prognosis
of HCC patients was demonstrated only by univariate
analysis, such as Kaplan-Meier curves and log-rank test. It
is important to note that several other factors could also
be associated with a patient’s prognosis, including other
genomic and transcriptomic information as well as the
clinicopathologic background. Multivariate analyses of
these other co-factors, such as by the Cox proportional
hazard model, might further clarify the significance of TKK
as a prognostic factor. In the post-genome era, integration
of the information obtained from global genetic analysis
and understanding how to incorporate the large amount of
data into the clinical data, including survival information,
is extremely complex, but important. Furthermore, quality
control and validation studies of the results obtained from
ultra-deep sequencing are critical (10).
HCC is an extremely heterogeneous tumor. To date, only
a couple of studies have classified patients with HCC into
several subgroups based on their gene expression profiles.
The molecular features of HCC, such as driver mutations,
genetic profiles, and prognostic biomarkers differ between
subgroups. On the other hand, HCC etiology could
also influence the molecular profiles of the tumor. It is a
challenging task to identify the prognostic biomarkers from
multi-omics analyses that can be applied to other cohorts
with other etiologies, such as hepatitis C virus infection,
alcoholic liver disease, and nonalcoholic steatohepatitis (11).
To benefit the various populations of HCC patients, the
establishment of diagnosis and treatment methodologies
according to the pathogenesis and tumor status of
each patient is warranted. Application of the currently
rapidly progressing omics technologies will facilitate the
development of strategies for diagnosis and treatment based
on multi-omics rather than clinicopathology. In this new
paradigm, an important topic will be how we will utilize
significant information among the enormous amounts of
omics data, so-called “big data”, and how we will apply the
large amounts of information to the advancement of clinical
practice.
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Hepatocellular carcinoma (HCC) is one of the most
common liver neoplasms worldwide, and 70-80% cases are
accounted in Asian countries (1). Etiological background of
HCC patients is different in each country or area. In China,
infection of hepatitis B virus (HBV) is a main etiological
factor of increased incidence of HCC. In fact, 93 million
HBV carriers are Chinese, accounting for 2/3 of such
patients worldwide, and about 20 million of these people
have chronic HBV infection (2). Chronic HBV infection is
a high risk factor for development of HCC. Therefore, the
follow-up of those chronic viral hepatitis type B patients and
the early-detection of HCC in those patients are pressing
tasks to reduce the incidence of HCC in China (3).
Recent years, various omics analyses have rapidly
advanced with the development of next generation
sequencing technology. Those omics analyses including
genomic, transcriptomic and proteomic analyses can provide
the huge amount of data regarding genetic alteration and
gene or protein expression level. The combination of those
omics analyses can overview the perturbed systems in the
cell or tissue. Furthermore, the advanced technologies
of bioinformatics enable construction of reliable and
significant dataset. The combination of omics analyses and
bioinformatics can contribute to the personalized medicine
and the discovery of new diagnostic or therapeutic target,
but the difficulty still remains in integration of those
dataset, delineation of physiological pathway that affect
significantly in disordered specimen (4,5).
The study of multi-omics analysis performed by Miao et al.,
entitled “Identification of prognostic biomarkers in hepatitis B virusrelated hepatocellular carcinoma and stratification by integrative
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multi-omics analysis” can provide the foundation of genetic
and transcriptomic analyses against individual patients’
HCC tissues (6). Whole-genome sequencing analysis of
HBV-related HCC patients revealed the different HBV
integration pattern and mutations in coding sequence,
suggesting the different tumor clonality in the primarymetastatic tumor tissues or the synchronous tumor tissues.
This analysis can be used for the evaluation of HCC
characteristics from the genomic similarities of all tumors in
the individual patient and contribute to the decision-making
of treatment strategy. They also perform the transcriptomic
analysis and revealed that genes related to cytoskeleton
organization and extracellular matrix organization were upregulated in patient who had cirrhosis and multifocal, poorly
differentiated HCC (died of recurrence) but not in patient
who had non-cirrhosis and multifocal, well differentiated
HCC (no recurrence). In addition, 21 genes related to cell
cycle, p53 signaling pathway and histidine metabolism
were found to be enriched in HCC of patient who had bad
prognosis. Comparative analysis of gene expression level
to clinicopathological characteristics in 174 HBV-related
HCC patients showed expression level of SFN, TTK, BUB1
and MCM4 were significantly related to Edmondson tumor
grade. Although further validation study is necessary, these
results suggested that multi-mics approach can contribute
to the characterization of individual HCC and the discovery
of clinicopathologically significant genes.
Altered expression of those identified genes had partly
studied and suggested the relationship with the role of
carcinogenesis and cancer progression in HCC or other
cancers (7-9). In the study of drug resistance using HCC
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cell lines, increased TTK expression induced the sorafenibresistance as well as up-regulation of cell proliferation
in HCC cells (8). In addition, TTK overexpression was
detected in 86.8% (46/53) of HCC tissue specimens. This
rate coincides with the rate of high TTK gene expression
in the result of transcriptomic analysis performed by Miao
et al. (6). To perform further biological study to clarify the
functional role of TTK in HCC, TTK can be developed as
a diagnostic marker and a therapeutic target.
Serological detection of tumor marker is easy and effective
as a diagnostic and follow-up method of HCC. Currently,
simultaneous evaluation of two tumor markers [e.g., alphafetoprotein (AFP) and des-gamma-carboxyprothrombin
(DCP)] is recommended in J-HCC guideline (10,11). In
contrast, only AFP has been recommended and widely used
for the diagnosis of HCC in China. Our research group
demonstrated a multi-center case-controlled study in China
to investigate the clinical utility of simultaneous evaluation of
AFP and DCP (12). As results, we found that simultaneous
measurement of AFP and DCP could achieve a better
sensitivity in diagnosing Chinese HCC patients, even for
small tumors. We consider improvement of the diagnostic
ability of serum biomarkers for HCC contributes to reduce
the current high incidence of HCC patients in China.
Systematic medical care for HCC is being advanced in
China. Introduction of effective tools (e.g., tumor marker)
and the standardization of medical care (e.g., construction
of guideline) are considered to be important for improving
HCC patients’ prognosis (13). Novel factors discovered by
multi-omics analysis of HBV-related HCC specimens are
expected to develop new effective method of diagnosis and
therapeutics for HCC.
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Abstract: Hepatocellular carcinoma (HCC) is a malignancy with major worldwide prevalence and a poor
overall prognosis. About 75% of all HCC cases are initially diagnosed as multiple tumors, presenting a
particular challenge for aggressive surgical therapy. Multiple HCC may result from multicentric occurrence
(MO-HCC) or intrahepatic metastases (IM-HCC), corresponding to highly dissimilar clinical outcomes.
Reliable distinction of these two mechanisms is therefore paramount in optimizing the management of
multiple HCC. In a recent work, Miao et al. adopted a multi-omics approach to find key parameters of
different clonality in MO-HCC vs. IM-HCC and link these data to tumor behavior and prognosis in a
cohort of patients with HBV-related HCC. The mitotic checkpoint regulator TTK has emerged from this
analysis as a novel biomarker that may predict aggressive behavior and early postoperative recurrence of
HCC.
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Hepatocellular carcinoma (HCC) is the fifth most common
cancer in men, accounting for more than 500,000 deaths
per year worldwide (1). Approximately 70% to 90% of all
cases of HCC occur in cirrhosis due to chronic infection by
hepatitis B virus (HBV) and hepatitis C virus (HCV), toxic
injury from excessive alcohol consumption, or metabolic liver
disease primarily associated with obesity and diabetes (2).
Long-term prognosis of HCC remains dire with 5-year
survival rates hovering around 12% for all stages combined,
although treatment interventions applied at early stages of
HCC provide dramatically better results and justify regular
surveillance and aggressive therapy (3). Accordingly, HCC
staging has been linked to specific treatment strategies such
as liver transplantation, surgical resection, and locoregional
therapies in order to optimize clinical outcomes (4).
Liver resection is one of the most efficient interventions
for the treatment of HCC, with 5-year survival rates
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ranging between 38% and 61% (5). Regrettably, about 75%
of all HCC cases present as multiple intrahepatic tumors at
the time of initial diagnosis, which may preclude surgical
interventions with curative intent due to insufficient
functional reserve of the remaining liver (6). Even if surgery
can be safely performed, however, therapeutic success is
limited by postoperative recurrence of HCC, which may
reach 70% to 80% within 5 years. This is perhaps not
surprising since cirrhosis is associated with a high risk for
developing HCC and the chronically diseased residual liver
tissue continues to have a malignant potential.
Postoperative recurrences of HCC can be addressed by
complex surgical strategies that include repeated hepatic
resection or salvage liver transplantation, but success
for these interventions remains variable and difficult to
predict (7). A likely reason for this heterogeneity is that
the pathogenesis of multiple HCC includes at least 2 very
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Figure 1 Multiple hepatocellular carcinoma: clonality and clinical course. A schematic illustration of the development of HCC due to
multicentric occurrence with polyclonal origin (MO-HCC) and HCC resulting from intrahepatic metastases with monoclonal origin
(IM-HCC). Different patterns indicate tumor cells with different clonal origin. HCC, hepatocellular carcinoma.

different mechanisms (Figure 1). Multicentrically occurring
HCC (MO-HCC) represents a polyclonal process of de
novo hepatocarcinogenesis with primary tumor foci that
have a clonal origin independent from each other and the
formerly resected malignancy (8). Postsurgical recurrence
of MO-HCC may respond well to additional surgery or
loco-regional therapy and these efforts are often limited
only by the functional hepatic reserve (9). HCC with
intrahepatic metastases (IM-HCC), on the other hand,
originates from the dissemination of tumor cells with a
common clonal origin and with increasingly aggressive
biological behavior. IM-HCC seems to recur early
following surgical resection and carries a grim prognosis
despite heroic interventions (10).
One of the key issues in the management of multiple
HCC is therefore our ability to distinguish metastatic from
multicentric hepatocarcinogenesis. This distinction may
allow us to provide a more reliable prognosis and determine
how far we should pursue therapeutic interventions with a
curative intent (9). So far, differentiation of IM-HCC and
MO-HCC (in the absence of extrahepatic spread, which
would of course obviate this exercise) has been mostly
based on histopathological findings as reported by the Liver
Cancer Study Group of Japan (11,12). For instance, welldifferentiated foci of recurrent HCC are more likely to
originate from a de novo process (i.e., MO-HCC), while
poor differentiation and invasive features point to metastatic
dissemination (i.e., IM-HCC). Analysis of HBV-DNA
integration into hepatocytes to determine the clonal origin
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of HCC may provide further clues about the mechanism of
recurrence in cases associated with chronic hepatitis B (12).
Furthermore, markers of tumor clonality may be obtained
from frequently mutated proteins such as p53, selective
X-chromosome inactivation pattern, loss of heterozygosity
of microsatellite DNA loci, and chromosomal aberrations
analyzed by comparative genomic hybridization (11,13).
However, these diagnostic approaches have not yet yielded
sufficient knowledge to become routine clinical practice and
to guide the management of multiple HCC.
Novel molecular markers that reliably identify the
pathomechanism of multiple HCC are therefore urgently
needed. Fortunately, emerging biomedical technologies of
systems biology have provided the impetus for achieving
this objective. Next-generation sequencing and powerful
computational tools increasingly allow the comprehensive
characterization of cancers and link molecular and clinical
phenotypes to better prognostication and optimized
therapeutic interventions (14). In a recent issue of the
Journal of Hepatology, Miao et al. have applied these
principles to the management conundrum of multiple
HCC (15). These authors utilized whole-genome and
transcriptome sequencing to retrospectively identify
biomarkers of tumor clonality and to associate the data
with clinical outcomes in a cohort of Chinese patients with
HBV-related HCC.
In their multi-omics analysis, Miao et al. initially selected
two cases of multifocal hepatoma with disparate clinical
courses following surgical resection. Patient I (PI) had
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multiple foci of poorly differentiated HCC in a cirrhotic
liver and died 3 months after surgery. By contrast, patient
II (PII) had multifocal, well-differentiated HCC in a noncirrhotic liver and remained symptom-free at 2 years after
surgery. Whole-genome sequencing revealed different
patterns of HBV integration in these patients as all tumors
in PI had a single HBV integration site, while two distinct
tumor-initiating clones were identified in PII. Differences
in clonality of PI and PII tissues were further confirmed
by analysis of somatic mutation profiles and genomic
structural variations that were validated by PCR and Sanger
sequencing. Phylogenetic trees of PI tumors constructed
from these data were similar to each other but far removed
from the germ line, while the genetic variations found
in PII tumors were best explained by the synchronous
development of distinct clones. From these findings, Miao
et al. concluded that PI and PII were prototype cases of IMHCC and MO-HCC, respectively (15).
Miao et al. subsequently performed transcriptome
analysis to characterize protein-coding gene expression
in PI and PII tumors. As expected, similarities between
the mRNA sets were more pronounced in PI than in PII
tissue samples, further suggesting that multiple foci of
HCC in PI were indeed the result of a monoclonal (i.e.,
metastatic) process. Subsequent functional enrichment
mapping of differentially expressed genes of PI and PII
indicated important topological differences in various gene
function modules. According to this network analysis,
essential changes in all PI tumors were comparable with
upregulation of genes involved in cytoskeletal remodeling
and extracellular matrix organization in PI satellite tumors,
consistent with a metastatic signature. On the other hand,
PII tumors displayed two distinct transcriptome patterns
with some overlaps for tumorigenesis hallmarks such as
negative regulation of apoptosis (15).
As a next step, Miao et al. utilized their transcriptome
data to find genes with markedly different gene expression
in PI and PII tumor tissues. Expression patterns of six genes
with the most pronounced alterations (HAL, SFN, KIF15,
TTK, BUB1, and MCM4) were analyzed against various
clinico-pathological characteristics and postsurgical HCC
recurrence in a cohort of 174 patients with HBV-related
single or multifocal HCC. Interestingly, expression of
TTK was found to have a strong reverse association with
favorable postoperative prognosis in this cohort (15). The
TTK gene encodes a dual-specificity kinase (also known as
monopolar spindle 1 or Mps1 kinase) that phosphorylates
serine, threonine, and tyrosine residues with a critical role in
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the regulation of cell division in normal and cancer cells (16).
Mps1/TTK is required for normal chromosomal
segregation and may serve a particular role in cancer by
allowing sustained cell proliferation in the presence of
aneuploidy (17). Consequently, Mps1/TTK is more than
just a biomarker and has become a promising target in
cancer therapy (18).
Miao et al. respectively linked the highly dissimilar
clinical outcomes of HBV-related HCC in PI and PII
to monoclonal and polyclonal cancer growth (15).
Genomic integration of HBV increases the risk of
hepatocarcinogenesis regardless of the presence of cirrhosis,
and the authors reasonably assumed that HCC nodules
in the non-cirrhotic liver of PII resulted from multiple
occurrence, contrasted with a metastatic process in PI.
However, multiple regenerative nodules in the remodeling
cirrhotic liver may also serve as simultaneous sites of tumor
initiation (19). This notion was corroborated by combined
clinicopathological and genetic evaluation that distinguished
IM-HCC vs. MO-HCC in 160 Chinese patients with
HBV-related HCC and repeated surgical resection (9).
Even though cirrhosis was more severe in the group of
MO-HCC, patients in this earlier study had a significantly
better disease-free survival, indicating that IM-HCC is not
necessarily linked to the severity of underlying liver disease.
Indeed, the combined effects of HBV integration and
cirrhosis provide an intriguing example for the concept of
‘field cancerization’ in which multiple independent tumors
may rise within a specific environment (20).
Could these observations provide new strategies with
regards to the management of multiple HCC? If reliable
biomarkers become available for the distinction of MOHCC vs. IM-HCC, they may affect treatment algorithms
for intermediate stage HCC with having multiple tumor
foci in the liver. At the same time, there are issues that may
limit enthusiasm for the surgical management of recurrent
HCC. Repeated and generous resections may promote
pro-oncogenic mechanisms associated with increased rates
of liver regeneration whether or not cirrhosis has been
established, accelerating further recurrence of HCC (12).
Also, HCC may recur as a combination of multi-occurrence
and intrahepatic metastasis, possibly calling for even more
sophisticated biomarkers to guide clinical management.
Can we extrapolate the findings of Miao et al. to nonHBV-related HCC? There is evidence that the incidence of
MO-HCC is significantly higher in HCV-positive patients
compared to those with chronic HBV infection (9). These
observations may reflect an accelerated rate of tumor
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progression due to concurrent oncogenic processes and a
higher proportion of IM-HCC in HBV-associated cirrhosis.
The findings that increased TTK mRNA levels predict
a more aggressive course of HCC in patients with HBVassociated liver disease indicate that TTK may become a
new biomarker for the presence of IM-HCC with a more
aggressive clinical course, which includes a shorter interval of
postoperative HCC recurrence. Importantly, Miao et al. also
found a highly significant association between TTK gene
expression and HBsAg-positivity (15). Future studies will
determine whether upregulation of the mitotic checkpoint
regulator TTK is a useful parameter in predicting the
biological behavior of non-HBV-related HCC.
The quest to find biomarkers that reliably identify MOHCC vs. IM-HCC is also about defining the biological
characteristics of tumor initiation vs. progression. Clinical
experience indicates that making this distinction has
tremendous implications for the affected individuals. Miao
et al. have taken a significant step towards applying the
methods of multi-omics analysis and network medicine to
track changes in the genome and transcriptome of liver cells
linked to these two different aspects of tumorigenesis (15).
Extrapolation of functional gene enrichment analysis
has yielded a promising biomarker (TTK) to assist
prognostication and guide the management of multifocal
HCC. Our hope is that increasingly applying the tools of
systems biology to the problem of HCC clonality will bring
precision and efficacy beyond the current state of the art.
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Abstract: Multi-omics, the molecular analysis of genes, transcriptional RNA and proteins, allows
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avalanche of information when used to screen a population. It is very difficult to discern a pattern or signal
related to a disease or its progression. Differential multi-omics exploits our ability to see differences between
subjects who are similar in all respects except for the outcome being tested. Twin studies are an example of
this. Miao and colleagues compared two patients who had diverse outcomes following treatment of multifocal hepatocellular carcinoma (HCC) to identify seven candidates as the responsible genes. In a larger
cohort of patients with HCC they narrowed the field down to a single target down. By looking at progression
of HCC, they isolated TTK, a protein kinase which disrupts the interaction of the tumour suppressor p53
with the oncogene MDM2. TTK-high tumours recurred 3 times faster than TTK-low tumours.
Keywords: Hepatitis C virus (HCV); hepatitis B virus (HBV); hepatocellular carcinoma (HCC); genomics;
multi-omics
Submitted Mar 16, 2015. Accepted for publication Mar 23, 2015.
doi: 10.3978/j.issn.2304-3881.2015.04.05
View this article at: http://dx.doi.org/10.3978/j.issn.2304-3881.2015.04.05

A little over a decade ago, we reviewed the potential for
new techniques in the basic science of genetics to influence
clinical care (1). We found the task faced by scientists to
be daunting and the prospect of success seemed distant.
Since then techniques advanced from gene mapping to
include transcription, protein and other characteristics of
cell function encompassed in the neologism “multi-omics”.
Information available is increasing exponentially. If it was
hard to pick a signal out of the noise 10 years ago, it is many
times harder now. Using a deceptively simple experimental
design, Miao and colleagues at the Peking Union Medical
College, have cracked the nut (2).
By comparing two patients with hepatitis B virus (HBV)
and multifocal hepatocellular carcinoma (HCC), they
pulled out seven candidate genes that may be related to
the capability of the tumour to metastasize. Examining the
candidates in a cohort of patients with HCC associated
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with hepatitis C virus (HCV). They reduced the group
to six. By looking at progression of HCC, they isolated
TTK, a protein kinase which disrupts the interaction of
the tumour suppressor p53 with the oncogene MDM2.
TTK-high tumours recurred 3 times faster than TTK-low
tumours.
A variety of risk factors have been associated with
HCC (3). The prognosis after the proper treatment in
HCC (either surgical or local treatment) depends on
intrinsic factors of the tumour (4). The current guidelines
for the diagnosis of HCC recommend liver biopsy for
hepatic nodules with atypical features of imaging (5). For
HCC, there has been increasing demand for classifications
to predict the biological behaviour and prognosis of the
cancer. Most of these classifications are morphological (6).
It has long been the goal of research to refine histology by
examining cellular pathways, particularly those related to the
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cell cycle. In order to separate cancers with high malignant
potential from those less likely to metastasize or recur.
In 2004, Lee and colleagues used gene sequencing
to identify two gene predictors of a likelihood of HCC
recurrence and suggested that JAK/STAT and NOTCH1
pathway inhibitors may have a role in preventing this
outcome (7). On the other hand in 2007, Boyault and
colleagues found a diverse array of signals when they
perfomed global transcriptome analyses on 57 HCC and
attempted validation in another cohort of 63 patients (8).
This has not stopped others from developing strategems for
“genomics-driven oncology” (9,10).
Miao and colleagues need to test their hypothesis
in a second cohort of patients with HCC in order to
determine the magnitude of its effect. The mechanism is
probably shared with other cancers that may be tested as
well. Fruitful areas of investigation will be to understand
the effect on clinically used tyrosine kinase inhibitors of
TTK function. Specific TTK inhibition is a therapeutic
option but its effect on hepatocyte function will have
to be understood. The excellent paper by the Peking
Union Medical College team, which reads like an exciting
detective story, may well lead to a happy ending, progress
in treating a difficult cancer that affects millions of patients
worldwide.
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Introduction
Hepatocellular carcinoma (HCC) is a frequent and deadly
human disease (1). Several lines of evidence indicate
that the gradual accumulation of genomic alterations,
leading to progressive deregulation of different signaling
pathways, induces the progressive evolution of initiated
liver cells to dysplastic nodules and malignant lesions (1).
Molecular events leading to cell cycle deregulation in HCC
include up-regulation of RAS/ERK, PI3K/AKT, IKK/
NF-kB, WNT, TGF-β, NOTCH, HEDGEHOG, and
HIPPO signaling pathways, and genes involved in DNA
repair process (2). Better understanding of the molecular
mechanisms underlying hepatocarcinogenesis may hasten
the identification of novel molecular HCC progression
markers and development of new diagnostic and therapeutic
strategies.
Heparan-sulfate glycosaminoglycans (HSGAGs)
The HSGAGs are linear polysaccharides constituted by
50–200 disaccharide repeats, with regions of glucuronic
acid-N-acetylglucosamine and regions of 2-O-sulfated
uronic acid/N-glucosamine sulfated at 3-O and 6-O
positions interspaced by transition areas in which both
sulfoglucosamine and N-acetylglucosamine are present.
The N-position of glucosamine can be sulfated, acetylated,
or unmodified (3). The polysaccharides, covalently attached
to a polypeptide core, form heparan sulfate proteoglycans
(HSPGs) located at the cell surface (Figure 1A) and also
present in the extracellular matrix.
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HSGAGs bind and interact with chemokines, enzymes,
and growth factors involved in tumor development. The latter
include fibroblast growth factors (FGF1, FGF2), vascular
endothelial growth factor (VEGF), hepatocyte growth
factor (HGF), transforming growth factor-β (TGF-β), and
platelet-derived growth factor (PDGF) (4). Predominantly,
extracellular proteins such as FGFs bind to a tetra- or
hexasaccharide motif within an HSGAG chain (5). Long
oligosaccharide sequences can bridge protein-protein
complexes, thus favoring the homo-oligomerization and/
or bridging a ligand to its receptor (Figure 1B). Thus,
HSGAG chains of proteoglycans function as binding sites
for signaling molecules. The sequence and conformational
plasticity of the HSGAG polymer determine the binding
specificity with consequent regulation of different biological
processes.
HSGAGs may play important roles in cancer initiation
and progression by modulating tumor cell growth,
invasiveness, and metastatic potential (6). Different
observations indicate that changes in expression level and
oligosaccharide sequence of cell-surface HSPGs might
contribute to cell transformation (7-9).
Heparin-degrading sulfatases
The heparin sulfate 6-O-endosulfatases 1 and 2, designated
as sulfatase 1 (SULF1) and sulfatase 2 (SULF2), respectively,
hydrolyze the sulfate ester bonds of HSGAGs. SULF1
and SULF2 show the same in vitro specificity to trisulfated
disaccharides, but the two sulfatases display structural and
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Figure 1 Structure of HSGAGs and proposed model of SULFs in
heparin bindings growth factors. (A) Heparan sulfate proteoglycans
on cell surface showing heparan-sulfate glycosaminoglycans
(HSGAGs) attached to a protein core. Enlarged detail: 2-O-sulfated
uronic acid-N-glucosamine sulfated at the 3-O and 6-O positions.
NHX on glucosamine: N position sulfated, acetylated, or
unchanged; (B) sulfate residues on HSGAG (blue circles) can favor
ligand bridging (i.e., FGF) to its receptor, and signaling pathways
activation. HSGAG desulfation by sulfatases can impede the link
of ligands to their receptors.

functional differences in mice and humans (10). Lai and
coworkers (11) reported that SULF1 desulfates HSPGs
on cells surface and inhibits HCC tumor cell growth
in vitro and in nude mice, partially through effects on
gene expression mediated through histone H4 acetylation.
SULF1 is downregulated in most HCC cell lines and
approximately 30% of primary HCCs. SULF1 transfection
in HCC cells reduces proliferation rate by suppressing
heparin-binding to growth factor signaling. In contrast,
SULF2 promotes hepatocarcinogenesis in nude mice and
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its expression is associated with more rapid recurrence
and shorter survival of HCC patients, after surgical
resection (11). Furthermore, Shire and coworkers (12)
showed SULF1 mRNA down-regulation in 9/11 HCC
cell lines and in only 6/10 primary tumors. They found
that SULF1 promoter acquires a silenced chromatin state
in low SULF1-expressing cells, through an increase in
di/trimethyl-K9H3 and trimethyl-K27H3 and a
concomitant loss of activating acetyl K9, K14H3.
Restoration of SULF1 mRNA expression by 5-Aza-dC
sensitized HCC cells to drug-induced apoptosis.
The oncosuppressor effect of SULF1 was confirmed by
the recent observation that microRNA-21, a suppressor of
PTEN and hSulf-1 expression, promotes HCC progression
through the AKT/ERK pathways (13). It was hypothesized
that the inhibition of histone deacetylase by SULF1 induces
a rise in acetylated histone H4, which leads to inhibition
of RAS/ERK and PI3K/AKT signaling (13). A recent
contribution (14) provides a hypothetical mechanism
whereby cancer cells could evade SULF1 suppressor action.
The removal by sulfatases of the sulfate moiety from 6-O of
heparan sulfate on HSPGs, should result in decreased FGF
binding sites on HSPG that should disfavor FGF bridging
to its receptor (Figure 1B). However, HIF-1α stabilization,
under low oxygen conditions prevailing in solid tumors,
shuts down the transcription of sulfatases, which may results
in sulfation of 6-O of heparan sulfate on HSPGs. This
would favor FGF signaling, cell migration, and invasion (14).
In apparent contradiction with above reports, gene
expression analysis of human HCCs showed that high
SULF1 overexpression is associated with poor survival,
suggesting that SULF1 is oncogenic in most HCC in
vivo (15). This conclusion is supported by Dhanasekaran
and coworkers, who in a recent study (16) provided
convincing data in support of the oncogenic role of
SULF1 in hepatocarcinogenesis and unraveled some of
the molecular mechanisms involved. These authors used a
transgenic mouse model overexpressing SULF1 (Sulf1-Tg)
to evaluate the effects of SULF1 on the diethylnitrosamine
(DENA) model of hepatocarcinogenesis. They showed a
higher incidence of large and multifocal HCCs in DENAtreated Sulf1-Tg mice, compared to wild-type (WT) mice.
They also found that lung metastases were present in
75% of Sulf1-Tg mice but not in WT mice. These in vivo
experiments clearly indicated that SULF1 overexpression
enhances liver tumor progression and strongly support a
tumor promoter role for SULF1.
In order to identify the molecular players responsible
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Figure 2 A possible mechanism responsible for the oncogenic
role of SULF1. TGF-β1, bound to the sulfate moiety from 6-O of
heparan sulfate on HSPGs, is released following the desulfation of
6-O of heparan sulfate on HSPGs by SULF1. This allows TGF-β1
binding to the receptor system. After binding and phosphorylation,
the receptor activates by phosphorylation the SMAD2 and SMAD3
effectors. This is followed by the formation of heteromeric
complexes of SMAD2 and SMAD3 with SMAD4, which then
translocate to the nucleus and activate specific DNA sequences
involved in EMT.

for the oncogenic role of SULF1, Dhanasekaran and
coworkers (16) evaluated by transcriptome analysis of nonDENA treated liver tissues the pathways and biological
processes activated in Sulf1-Tg compared to WT mice.
They observed the up-regulation of biological processes
involving cytoskeletal remodeling, cell adhesion, and muscle
development in Sulf1-Tg mice. Noticeably, they also found
the preferential activation of the epithelial mesenchymal
transition (EMT) process in Sulf1-Tg mice. EMT is a
process implicated in tumor progression and development of
metastases (17) and its activation is in line with the presence
of larger tumors and lung metastases in Sulf1-Tg mice.
TGF-β is known to be implicated in EMT of cancer cells
(18,19). The analysis by Dhanasekaran and coworkers (16)
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of genes involved in TGF-β signaling showed higher
expression of Smad2 and Smad6 in Sulf1-Tg than in WT
mice. Also, an increase in phosphorylation of Smad2/3 in
peritumoral liver tissues and, at a higher extent, in tumors
of Sulf1-Tg mice than WT mice occurred. These changes
were associated with a lower expression of the epithelial
marker E-cadherin, and an increase in the mesenchymal
markers N-cadherin and vimentin in tumors of Sulf1-Tg
mice when compared to HCC of WT mice. Further, the
authors provided the immunohistochemical evidence of
cytoplasmic expression of the mesenchymal proteins in
tumor cells of Sulf1-Tg mice suggesting the acquisition of
the mesenchymal traits by the epithelial cells (Figure 2).
The results in mice were confirmed in a series of
experiments with various human HCC cell lines. In
particular, it was observed that the overexpression of
SULF1 increased the phosphorylation of both SMAD2 and
SMAD3, whereas the suppression of SULF1 expression
led to the opposite effects. Moreover, it was clearly shown
a link between SULF1 up-regulation and EMT: SULF1transfected cells, treated with TGF-β1, exhibited a decrease
in the tight junction protein Zona occludens protein 1
(Zo-1) and in E-cadherin, as well as an increase in the
mesenchymal markers N-cadherin, vimentin, and α-smooth
muscle actin (αSMA). Opposite changes occurred when
SULF1 expression was suppressed.
Some elegant experiments were devoted to the analysis
of the role of SULF1 catalytic activity. For this aim, a
SULF1 mutant with loss of catalytic activity was created. It
was thus demonstrated that the stimulation of cell migration
and invasiveness and SMAD2/3 phosphorylation, present in
cell transfected with SULF1 and treated with TGF-β1, was
lost in cells transfected with the mutant SULF1 devoid of
sulfatase activity.
The classification of HCC patients into two prognostic
clusters, according the microarray expression profile,
showed that the majority of patients with high SULF1
expression (76%) belonged to the poor prognosis cluster
and gene expression correlation analysis confirmed the
association between SULF1, TGF-β activation, EMT
and five EMT driver genes (vimentin, SNAI1, COL1A2,
TGF-β1, SPARC) in human HCC. The association between
high SULF1 and high phospho-SMAD2/3 expression,
decreased expression of E-cadherin and increased that of
vimentin and αSMA was confirmed in the tumor specimens.
Importantly, the authors presented evidence that Hep3B
and PLC/PRF5PRF/5 cell lines, used in the SULF1
experiments, do not express SULF2. Thus, it is unlike that
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the observed results are a consequence of overexpression of
the SULF2 gene, which is known to possess an oncogenic
activity.
Conclusions
According to the results of Dhanasekaran and coworkers,
SULF1 is a potential biomarker of tumor progression and
thus a novel target for drug development. At present, there
are no sufficient elements to understand the conflictual
results about the role of SULF1 in tumorigenesis. TGF-β
is known to behave as an oncogene or an oncosuppressor
gene in cancer (20). The effect and function of genes can be
opposite and adaptable in cells with different genomes or in
different contexts and the response to the same protein could
be cellular genetic/context-dependent (20). However, a link
between SULF1 overexpression and the oncosuppressor role
of TGF-β has not yet been demonstrated. Further research is
needed to confirm a possible antagonistic role of SULF1 in
liver carcinogenesis and solve this dilemma.
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Introduction
Hepatocellular carcinoma (HCC) is a frequent human
cancer with 0.25–1 million of newly diagnosed cases
each year (1-3). Major risk factors associated with the
development of HCC are chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections, alcoholic hepatitis,
aflatoxin B1 (3-5), and some inherited diseases (6). HCC
is a fatal disease, with a life expectancy of about 6 months
from the time of diagnosis (6). Early liver lesions could
be detected by ultrasonography and efficiently treated by
resection or radiofrequency ablation (7). However, only a
minority of cases is eligible to these treatment modalities
due to the late diagnosis of the disease (2,7,8). In addition,
therapies with pharmacological agents or alternative
approaches, including percutaneous ethanol injection, transarterial chemo-embolization or yttrium-90 microspheres,
do not improve significantly the prognosis of patients with
advanced disease (2,7,8).
The evaluation of the molecular mechanisms and the
identification of prognostic categories of HCC are difficult
due to HCC heterogeneity, which results from complex
relationships between genetic, etiologic, and environmental
risk factors (6). A better understanding of HCC molecular
pathogenesis may hasten the identification of new
prognostic markers and the development of novel diagnostic
and therapeutic strategies against this disease (6,9).

© AME Publishing Company. All rights reserved.

Biological ad clinical behavior of HCC may be largely
influenced by both genetic and epigenetic alterations of
a number of genes and signaling pathways (6,10). The
remodeling of microenvironment (11,12) surrounding HCC
may also affect HCC biological behavior, thus influencing
patients’ outcome (13). This is an important facet of the
complex mechanisms involved in tumor progression.
Different proteins of the extracellular matrix (ECM) may
affect cell growth, migration, invasion, anoikis and metastasis
(13-17) by binding to specific receptors of cancer cells or
interfering with the binding of specific cytokines (18).
The epidermal growth factor-like repeats and
discoidin I-like domains 3 (EDIL3) protein
EDIL3, also known as endothelial cell locus (DEL-1), is a
secreted ECM protein isolated and identified from embryonic
mouse lung in 1998 (19). EDIL3, secreted by embryonic
endothelial cells and hypertrophic chondrocytes (20),
was firstly characterized in vascular morphogenesis (21).
EDIL3 is a glycoprotein composed of five domains: three
epidermal growth factor (EGF)-like repeats (E1, E2, E3),
and two discoidin I-like domains (C1, C2). In particular, the
second EGF repeat contains an Arg-Gly-Asp (RGD) motif
(Figure 1) (19,20). It has been shown that the C-terminus of
the C1 domain is essential for the organization of EDIL3
into the ECM and that all the E repeat domains and the
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Figure 1 Schematic representation of the EDIL3 glycoprotein
showing three epidermal growth factor (EGF)-like repeats (E1, E2,
E3) and two discoidin I-like domains (C1, C2). The second EGF
repeat contains an Arg-Gly-Asp (RGD) motif.

N-terminus of the C1 domain play supportive roles for this
organization (20).
At the cellular level, EDIL3 exerts numerous, important
roles. Through the interaction of the Arg-Gly-sp tripeptide
with the αvβ3 integrin, EDIL3 induces clustering of
integrin receptors, endothelial attachment, and migration
as well as focal contact and phosphorylation of different
molecules involved in cell signaling, including p125FAK
and MAP kinase (22). Moreover, EDIL3 plays a pivotal role
in inflammatory and immune responses, where leukocyte
adhesion to endothelium, crucial for leukocyte recruitment,
requires numerous adhesion molecules expressed on
leukocytes and endothelial cells. Indeed, EDIL3 acts an
anti-adhesive factor that interferes with the integrin LFA-1dependent leukocyte-endothelial adhesion, thus preventing
leukocyte adhesion to the endothelium (23,24).
EDIL3 is also a potent pro-angiogenic factor, as it
significantly contributes to vessel wall remodeling and
development during angiogenesis (25), mediates endothelial
cell attachment and migration (26), and induces mesentery
and cerebral angiogenesis in mice (27,28). Both animal
experiments and clinical studies have demonstrated that
EDIL3 gene therapy is effective in the presence of an
ischemic disease (29-31).
EDIL3 is expressed in brain, heart, small intestine and
kidney tissues, but not in colon, liver, or lung of human adults
(26). In addition, EDIL3 is expressed in primary human
tumors, such as lung (32), bladder (33), pancreas (34), liver
(35), breast, and colon cancer, and melanomas (26), and
in many tumor cell lines (28). Furthermore, EDIL3 levels
have been associated with the progression and prognosis of
lung cancer (32), bladder cancer (33), and pancreatic ductal
adenocarcinoma (35). Interestingly, EDIL3 was recently shown
to be a novel biomarker for early breast cancer detection (36).
EDIL3, epithelial-to-mesenchymal transition
(EMT), and integrin signaling
EMT is involved in different physiological events, including
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blastocyst implantation, generation of the neural crest,
normal wound healing (37,38) as well as in pathological
events such as pathological wound healing, tissue fibrosis
and carcinogenesis (39,40).
EMT consists of the loss of typical epithelial features,
such as cell polarity, intercellular junctions, and ability
to synthesize basement membranes, associated with
the development of a fibroblastic morphology with
rearrangement of the actin cytoskeleton and changes
in cell surface matrix receptors, such as integrins. As a
consequence, cells form filopodia, migrate, and synthesize
ECM (39,41). Three types of EMT have been described: (I)
type 1, which occurs during earliest stages of development;
(II) type 2, occurring in mature epithelial tissues, generally
triggered by inflammation or wound-healing responses,
which may induce fibrosis; (III) type 3, which is associated
with cancer progression (38).
Tumors contain a subpopulation of cells characterized
by the loss of epithelial features and the acquisition of
the mesenchymal-like migratory phenotype. These cells,
known as cancer stem cells (CSCs), are able to self-renew
and regenerate the tumor mass. CSCs are crucial to the
development of invasive carcinomas and metastasis (38-41).
Nonetheless, tumor cells disseminated into target organs
may undergo mesenchymal-epithelial transition (MET),
which would also favor metastasis formation (42,43).
EMT is regulated by TGF-β through different
mechanisms. Nuclear translocation of SMAD complexes,
formed in the canonical TGF-β cascade (6), stimulates the
expression of different mesenchymal genes, while repressing
epithelial gene transcription (Figure 2). Furthermore,
TGF-β signaling activates integrin-linked kinase (ILK),
which phosphorylates GSK-3β and AKT (serine/threonine
protein kinase), with consequent nuclear translocation of
β-Catenin and activation of different transcription factors
involved in EMT (44). EMT is also induced trough the
ERK/MAP kinase, Rho GTPase and the PI3 kinase/AKT
pathways following TGF-β receptor activation (Figure 2)
(45,46).
TGF-β is synthesized in a complex pathway: precursor
forms of TGF-β1 and TGF-β3 are linked to a latencyassociated peptide (LAP), containing an RGD motif that
may be activated by αvβ1, 3, 5, 6, and 8 integrins and
interacts with RGD (Figure 2) (47-50). This is followed by
the interaction of mature TGF-β with its receptor and the
activation of different signals that, at DNA level, induce
the activation of mesenchymal markers (i.e., integrins,
N-Cadherin, fibronectin, collagen) and inhibition of
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Figure 2 The regulatory circuitry of αvβ integrins. The interaction of ECM protein, EDIL3, and the LAP protein of the TGF-β-immature
complex with αvβ integrin is followed by activation of TGF-β, RAS/ERK, PI3K/AKT and Rho/GTPases signaling pathways. This leads
to the up-regulation of the mesenchymal markers, the down-regulation of the epithelial markers, and the up-regulation of integrins,
with consequent decrease in cell death and acquisition of the molecular and morphologic changes of stemness and EMT. Arrows indicate
activation; blunt arrows indicate inhibition. LAP, latency activated peptide; LTBP, latent transforming growth factor β binding protein;
MMP, metalloproteinase; EMT, epithelial-to-mesenchymal transition.

epithelial markers (i.e., CDH1, claudins, occludins,
desmoplakin), and integrin activation (38).
EDIL3 binding to αvβ3 integrin by the RGD motif
(Figure 2) prevents apoptosis of endothelial cells, thus
favoring cancer vascularization and potentiating cancer
cell proliferation and invasion (51). This effect is mediated
specifically through the crosstalk with FAK/ERK and AKT
signaling (51). Integrins, as primary receptors involved in
cell-matrix adhesion, may strongly influence the ability of
cancer cells to survive in specific sites. Interestingly, it has
been observed that in some cases integrin receptors can
also function in the absence of ligand binding to promote
stemness and survival (52). Thus, the interplay between
TGF-β and integrin signaling, occurring downstream of
initial TGF-β receptor activation, regulates various cellular
processes (53), including different signaling pathways that
are able to override the tumor suppressing functions of
TGF-β (54-56).
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EDIL3 and HCC
Mounting evidence supports an important role of EDIL3
in HCC. According to recent data, indeed, EDIL3
activity is crucial for the interaction between HCC cells
and endothelial cells (28), and may accelerate tumor
growth by stimulating angiogenesis (57). EDIL3 gene is
overexpressed in HCC (35) and predicts poor prognosis
of HCC patients (13,35,58). Interestingly, recent studies
suggest that autocrine EDIL3 may contribute to a receptive
microenvironment for the survival of detached HCC cells
by promoting anoikis resistance (13). This intriguing
finding suggests that activation of integrin signaling
pathways by EDIL3 may contribute to HCC cell spreading.
Furthermore, the accumulation of tumor-produced EDIL3
in the microenvironment represents an advantage for
anchorage-independent growth of tumor cells.
These observations have been confirmed and extended
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in an interesting publication by Xia and coworkers (59). As
a first approach to establish the role of EDIL3 as regulator
of EMT in HCC, the authors evaluated the correlation of
EDIL3 expression with that of mesenchymal and epithelial
markers, using independent published microarray data
for liver cancer cell lines. Noticeably, the authors found
a positive correlation between EDIL3 levels and the
expression of the mesenchymal marker vimentin (VIM),
and a negative correlation with the epithelial marker
E-cadherin (CDH1). Accordingly, forced EDIL3 expression
in Huh7 cells led to the acquisition of a fibroblastic
elongated phenotype associated with a fall in the expression
of the epithelial marker CDH1 and up-regulation of the
mesenchymal marker VIM. The opposite occurred when
EDIL3 expression was inhibited by specific siRNA in HLE
cells. In the latter case, morphologic changes indicative of
MET were found. Further support to the role of EDIL3 as
regulator of EMT in HCC was obtained by the evaluation
of different phenotypic properties linked to EMT. Indeed,
the migration and invasion properties of Huh7 cells,
characterized by lower EDIL3 expression and an epithelial
phenotype, were significantly lower than that of HLE cells,
which exhibit high EDIL3 expression and a mesenchymal
phenotype. The modulation of EDIL3 expression strongly
influenced HCC cell migration, invasion, and HCC
angiogenesis in the same cells, as evaluated by in vitro
endothelial recruitment and capillary tube formation assays.
Interestingly, an epigenetic mechanism was found to be
responsible for EDIL3 deregulation in HCC. Specifically,
the authors identified microRNA (miR)-137 as a critical,
negative regulator of EDIL3. In particular, Xia et al.
observed the downregulation of miR-137 in HCC samples
from patients exhibiting early recurrent disease, when
compared to samples from patients with non-recurrent
HCC. The decrease in miR-137 expression was correlated
with the up-regulation of EDIL3 expression. Subsequent
in vitro experiments showed that miR-137 triggers EDIL3
downregulation, inhibits HCC cell invasion, and induces
endothelial cell capillary tube formation.
In accordance with previous studies on the relationships
between TGF-β an integrin expression (60), TGF-β1
levels were found to be significantly increased in HuH7
and PLC/PRF/5 HCC cells stably transfected with
EDIL3. Using the data reported in the Cancer Cell Line
Encyclopedia dataset (http://www.broadinstitute.org/
ccle), the authors compared two groups of liver cancer cells
displaying high and low EDIL3 expression, respectively.
This allowed the study of the correlation of differentially
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expressed genes with EDIL3 expression levels. Significant
correlation was observed for the expression of TGFβ1I1
and TGFβ2, suggesting a regulation of TGF-β signaling
through binding to αvβ3 integrin in liver cancer cells.
Further analysis showed that pseudopodium-enriched
atypical kinase 1 (PEAK1)-associated regulatory signaling
interacts with EDIL3 through the SRC family kinases.
Importantly, overexpression of EDIL3 not only significantly
enhanced the expression of PEAK1, but also induced the
phosphorylation of SRC, ERK and SMAD2, suggesting the
activation of ERK and TGF-β signaling.
These important observations by Xia et al. confirm
and extend to the HCC field previous observations (38)
indicating the existence of a regulatory circuitry for EMT
(Figure 2). In this circuitry, the ECM protein EDIL3
interacts with αvβ integrin, thus inducing the activation
of TGF-β and RAS/ERK cascades. Once activated, the
TGF-β and RAS/ERK pathways trigger the up-regulation
of mesenchymal marker and integrins, while promoting the
down-regulation of epithelial markers. These molecular
events are associated with cell death decrease and
acquisition of the molecular and morphologic changes of
stemness and EMT by cancer cells.
Concluding remarks
A growing body of experimental and clinical observations
points to a pivotal role of EDIL3 protein in HCC
progression and patient’s prognosis. The study by Xia et al.,
in particular, indicates that EDIL3 significantly contributes
to many traits of HCC cells, namely uncontrolled growth,
resistance to apoptosis, migration, invasion, and angiogenesis.
At the clinical level, EDIL3 up-regulation results in early
tumor recurrence and poor outcome. Intriguingly, it has been
demonstrated that EDIL3 lies at the crossroad of numerous
oncogenic pathways, including the ERK/MAPK, TGF-β,
and integrin signaling cascades. Consequently, EDIL3
suppression might result in the concomitant inhibition of
multiple oncogenic stimuli, whose inactivation could be
highly deleterious for the survival of HCC cells. Based on
these important findings, additional efforts should be devoted
to elucidate the function of EDIL3 in liver cancer as well as
to develop novel therapeutic approaches aimed at suppressing
EDIL3 activity for the treatment of this pernicious disease.
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Keywords: CD133; hepatocellular carcinoma (HCC); signal transducer and activator of transcription factor 3
(STAT3); interleukin-6 (IL-6)
Submitted Feb 06, 2016. Accepted for publication Feb 29, 2016.
doi: 10.21037/hbsn.2016.03.02
View this article at: http://dx.doi.org/10.21037/hbsn.2016.03.02

According to the world cancer report 2014, liver cancer is
the second leading cause of cancer related death worldwide.
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer representing 80–90% of cases and is
the final endpoint of chronic liver inflammation caused
by viruses, toxins, metabolic liver diseases or autoimmune
hepatitis. It is alarming that in the United States, the
incidence of HCC has doubled over the past two decades.
Due to the late presentation of HCC, a large number
of patients are ineligible for potentially curative surgical
resection or liver transplantation and have limited
chemotherapeutic options. HCC is a heterogeneous
complex disease, highly resistant in nature and a significant
number of patients experience recurrence after treatment.
In recent years, the concept of cancer stem cells (CSCs) has
emerged and enabled a better understanding of how tumors
successfully evade chemotherapy (1,2).
CSCs are a subpopulation of tumor cells which resemble
normal stem cells with respect to their ability to self-renew
and differentiate indefinitely. Though CSCs are extremely
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low in number within a tumor and the specific origin of
CSCs remains elusive, growing evidence suggests that
CSCs are the tumor initiating cells that play key roles in
tumor growth, survival and resistance to chemotherapy and
radiation therapy. In recent years, CD133, a CSC marker,
has gained significant attention due to its high expression
in various human cancers including HCC. CD133
expression was found to be positively correlated with HCC
tumorigenicity and chemoresistance (3,4). However, the
underlying molecular mechanism of CD133 regulation was
not clear. In a recent issue of Hepatology (Hepatology, Vol.
62, No. 4, 2015), Won and colleagues reported a previously
unknown mechanism by which the expression of CD133
is increased in the liver tumor microenvironment and
promotes the progression of liver carcinogenesis (5). Using
human HCC cell lines, they demonstrated that CD133 is
encoded by an inducible gene and that its expression at the
transcriptional level is directly regulated by interleukin-6
(IL-6) mediated activation of signal transducer and activator
of transcription factor 3 (STAT3). Binding of IL-6 to its
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Figure 1 Activation of STAT3 in HCC. Two different pathways
have been reported to activate STAT3 in HCC. Fzd2-STAT3
signaling has been shown to lead to EMT and metastasis independent
of IL-6 (6). Whereas, IL-6-STAT3 signaling has been shown to
increase HCC stemness as assessed by CD133 expression (5).
STAT3, signal transducer and activator of transcription factor 3;
HCC, hepatocellular carcinoma; IL-6, interleukin-6.

receptor gp130, causes receptor dimerization and subsequent
activation of associated janus kinases (JAKs). Activated JAKs,
in turn, phosphorylate the receptor which now serves as
the docking site for STAT3 which is also phosphorylated
by JAKs. The activated STAT3 translocates into nucleus
and directly binds to the promoter of CD133 leading to
increased histone acetylation and subsequent transcription of
CD133. The authors concluded that IL-6/STAT3-mediated
histone modification was therefore key for upregulating
CD133 expression under the chronic inflammation
conditions leading to HCC. To further validate the finding
in vivo, they used a DEN-induced HCC model in TLR4/
IL-6 double knockout mice. In absence of IL-6 signaling,
STAT3 was not activated and CD133 was not induced.
Hypoxia is a common hallmark of solid tumors, and
hypoxia-inducible factor-1 alpha (HIF-1α) is a transcription
factor which activates multiple genes in response to hypoxia.
In this study, Won and colleagues further demonstrated
that the upregulation of CD133 expression was also HIF1α dependent and that the hypoxic microenvironment
contributed to STAT3 mediated upregulation of CD133
expression in cooperation with NFκB-p65. Using chromatin
immunoprecipitation (ChIP) assays they observed high
enrichment of the active STAT3/NF-κB p65 dimer to
the promoter region of HIF-1α. Interestingly, they also
observed a synergistic effect of IL-6 and hypoxia on STAT3
activation suggesting that chronic inflammation and
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hypoxic microenvironment both promote HCC formation
by synergistically activating CD133 expression.
Finally, the authors examined the biological role of
CD133 in tumorigenesis in vitro and in vivo. Using shRNA
mediated gene silencing, they showed that inhibition
of CD133 resulted in reduced growth rate of HCC cell
lines due to cell cycle arrest and that silencing of CD133
expression also suppressed tumor formation in an HuH-7
xenograft mouse model. Sorafenib, a multi-kinase inhibitor,
is the only FDA approved drug currently available for
the treatment of HCC, and the authors showed that both
sorafenib and nifuroxazide, a STAT3 inhibitor, inhibited
tumor growth in vivo by reducing the expression of CD133.
In summary, both IL-6 and hypoxia increase activation
of STAT3, a key regulator of CD133 expression and an
important mediator in the maintenance of stemness of
HCC cells. These observations represent a step forward in
understanding the molecular mechanism underlying the
enhanced expression of CSC marker CD133 and its role in
HCC formation. Interestingly, a previous report had shown
that a noncanonical frizzled 2 (FZD2) pathway could also
activate STAT3 in HCC, independent of IL-6, and that
FZD2-STAT3 signaling induced epithelial to mesenchymal
transition (EMT) and was associated with metastasis (6).
Thus, it appears that multiple signaling pathways in HCC
can activate STAT3 and these events may lead to different
phenotypic outcomes (Figure 1). More studies are needed
to better understand whether there is any overlap between
these signaling mechanisms and how they contribute to
EMT, tumor metastasis and stemness.
The results of this study suggest that targeting the
immune microenvironment by reducing IL-6 mediated
inflammation could be another potential therapeutic
strategy for HCC, especially for tumors arising in the
setting of cirrhosis (7). And in fact a recent study showed
that tumor-associated macrophages (TAMs) promote the
expansion of CSCs in HCC. Tocilizumab is a recently FDA
approved drug that targets IL-6 receptor, and treatment of
HCC cells with tocilizumab or STAT3 knockdown reduced
the ability of TAMs to not only promote CSC expansion
but also growth of xenograft tumors (8). Thus, STAT3
signaling appears to be a promising therapeutic target for
HCC treatment.
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Hepatocellular carcinoma (HCC) is a major challenge for
global health. Indeed, HCC represents the third leading
and fastest rising cause of cancer death worldwide (1).
About 90% of HCC cases can be associated with a wellcharacterized underlying risk factor including chronic
hepatitis B, hepatitis C, ethanol consumption, aflatoxin
exposure, non-alcoholic fatty liver disease, metabolic
diseases like diabetes, and hereditary liver disease (1-3).
Although the risk of developing HCC can be reduced in
patients by treatment of the underlying cause, e.g., by
viral clearance, strategies to prevent cancer development
in patients with advanced fibrosis and established cirrhosis
are still lacking (4). Furthermore, despite the recent
improvements, treatment options for HCC remain largely
unsatisfactory (5). Early diagnosis through surveillance
of at-risk patients increases the chance of effective
therapy. Clinical practice guidelines recommend periodic
ultrasound-based surveillance of patients with cirrhosis (6).
However, ultrasound detection of small liver tumors can be
challenging and depends on the expertise of the operator.
Therefore, several non-invasive biomarkers have been
assessed for their utility in determining HCC risk and/or
detecting HCC at early stages. Alpha-fetoprotein (AFP) is
the most widely used diagnostic serum marker for HCC.
However, since its diagnostic and predictive value is largely
limited by the presence of AFP-negative HCC as well as the
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impact of the underlying liver disease (2,6), its use for HCC
surveillance is currently not recommended by American and
European guidelines. Thus there is an unmet need for novel
serum biomarkers for HCC diagnosis capable of increasing
the diagnostic and predictive power in surveillance programs.
Non-coding RNAs including microRNAs (miRNAs)
provide a complex layer of the control of gene expression
in virtually every biological process including development,
immune response, aging and cell death (7). Accumulating
evidence shows that altered regulation of miRNA expression
contributes to disease pathogenesis including cancer (7,8).
Moreover, miRNAs circulating in body fluids including blood
have been suggested to hold promise as sensitive non-invasive
biomarkers in clinical settings. However, only few clinical
trials have been launched to validate the functional relevance
of miRNAs as biomarkers (9). This paucity of clinical data also
concerns the study of the involvement of miRNAs in HCC.
Indeed, miRNA deregulation was indicated to contribute to
the development of this disease by imparing key regulatory
pathways in the tumor microenvironment (10). Additionally,
circulating miRNAs were suggested as potential biomarkers
useful for HCC diagnosis and prognosis (10,11). However,
no previous study has evaluated whether circulating miRNAs
could have a diagnostic performance in detecting early-stage
HCC using prospectively collected HCC samples.
In their multicentre, longitudinal biomarker identification
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HBV-related HCC
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Figure 1 Schematic representation of the potential use of C mi
to complement current imaging-based surveillance for the
management of HCC. HCC, hepatocellular carcinoma; HBV,
hepatitis B virus.

study including retrospective studies as well as a prospective
nested case-control study, Lin and co-workers identified
a novel miRNA classifier for hepatitis B virus (HBV)associated HCC referred to as C mi (12). This biomarker
contains seven miRNAs (miR-29a, miR-29c, miR-133a,
miR-143, miR-192 and miR-505) that display differential
levels in the serum of Asian HCC patient cohorts versus
non-HCC controls including healthy individuals, inactive
HBV surface antigen (HBsAg) carriers, subjects with
chronic hepatitis B and those with HBV-induced liver
cirrhosis. Clinical diagnosis of HCC was based on at
least two imaging techniques and most of the cases were
confirmed by histopathology. The C mi was identified as
follows: by TaqMan miRNA array, a pool of 754 miRNAs
were screened in the discovery cohort that allowed detecting
19 differentially regulated miRNAs according to four
distinct normalization methods. These candidate miRNAs
were further assessed in the training cohort in order to
establish the best miRNA classifier, whose sensitivity,
specificity and performance to predict/diagnose HCC were
validated in two independent cohorts and a nested casecontrol study with prospectively collected samples in a third
validation cohort (12). By taking advantage of these large
independent cohorts and robust statistical data analysis, the
authors revealed that Cmi has greater sensitivity than AFP
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at a cutoff of 20 ng/mL (AFP20) in detecting HCC at the
time of clinical diagnosis, while both biomarkers displayed
similar sensitivity. Importantly, Cmi was shown to distinguish
HCC 12 months before clinical diagnosis including small
size, early-stage and AFP-negative HCC. Given that
miRNA assessment in the serum is a pretty straight-forward
non-invasive test that can be employed in clinical settings,
the authors suggest Cmi as a tool for surveillance of HCC
development in HBV-infected at-risk patients (12) (Figure 1).
This well conducted study that included several independent
cohorts and thereby enabled large sample size provides a
significant advancement in the early detection of HBV-related
HCC. Given that quantitative detection of miRNAs by RTPCR can be easily implemented in diagnostic laboratories,
using Cmi for prediction and diagnosis of HCC could become
a promising approach for routine application in clinics. In
contrast to previous studies having assessed the correlation
between circulating miRNAs and HCC, Lin and co-workers
tested the diagnostic potential of Cmi by performing a nested
case-control study with prospectively collected specimens in
addition to the retrospectively assessed training and validation
cohorts (12). Data from this prospective validation study
showed that Cmi was more sensitive than AFP20 and could
identify HCC irrespective of the presence of AFP several
months earlier than imaging-based clinical diagnosis. This
indicates that Cmi may be a valuable tool to identify at-risk
patients developing HCC in order to complement and help
interpretation of imaging-based surveillance of the liver. By
increasing the chance of detecting early stage HCC and thus
of successful curative surgery, the use of Cmi may enhance the
overall survival for HCC.
The current study only focused on Asian patients
and HBV-related HCC (12). In the future, it would be
interesting to test whether Cmi can also be of relevance
for other HCC etiologies as well as cohorts of non-Asian
patients. A piece of increasing evidence likely supports this
possibility. Indeed, several miRNAs among those of Cmi
have been reported as being deregulated in HCC tissues
from different etiologies including patients with hepatitis C
(13-16) and/or have been suggested as potential biomarkers
for HCC (17-19). In this picture Cmi holds potential as a
universal miRNA classifier for HCC. Another unanswered
question is about the potential role of Cmi in surveillance of
HCC recurrence. Indeed, given the high recurrence rate
of HCC following surgery, it would be very interesting to
assess the ability of Cmi to detect HCC recurrence at an
early stage in future studies.
In conclusion, the validation of the potential of Cmi for
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detection of early stage HCC using additional independent
cohorts of patients with HCC related to chronic hepatitis
C as well as non-alcoholic and alcoholic liver disease may
ultimately provide a tool to improve the management of
HCC patients by enabling detection of early stage, small
size tumors irrespective of the presence of AFP. This
may eventually increase the chance of successful curative
operation and longer survival. Further studies are needed to
define the role of Cmi in the management of patients at risk to
develop HCC including HCC recurrence following surgery.
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Hepatocellular carcinoma (HCC) is the second leading
cause of cancer-related death worldwide, and it is well
accepted that the poor outcome of HCC patients among
others is caused by metastasis and tumor cell dissemination.
Early tumor recurrence due to intrahepatic micrometastases predominantly occurs in early phases of
hepatocarcinogenesis (often within the first 2 years after
treatment), whereas new primary lesions are observed
after longer periods (1). Importantly, metastasis is mainly
detectable within the diseased liver itself, with new tumors
invading into the portal vein (2).
Many aspects of liver tumor cell migration and invasion
are well understood. The cellular mechanisms necessary
for the initiation and maintenance of a mobile phenotype
includes for example cessation of cell polarity (which is
of special importance for highly polarized hepatocytes),
cytoskeletal reorganization, re-connection with the
microenvironment, and activation of pro-migratory
intracellular molecules. However, the upstream regulatory
mechanisms leading to a highly invasive cellular phenotype
are not completely understood. In the recent study
Kuang-Hsiang Chuang and colleagues illustrated that the
dysregulation of a single microRNA (miRNA), miR-494,
supports HCC invasiveness through the epigenetic
regulation of a miRNA network (3).
miRNAs are single-stranded non-coding RNAs, 19−
25 nucleotides long, obtained from endogenous hairpin
transcripts. They negatively regulate gene expression by
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binding to target mRNAs, usually in the 3’UTR, which
subsequently leads to target degradation or translational
repression. A single miRNA may target more than 100
transcripts, and it is estimated that more than 60% of human
protein-coding genes are modulated by miRNAs, pointing
at them as master modulators of gene expression (4).
Indeed, many aspects of tumor cell biology including
stemness and epithelial-to-mesenchymal transition (EMT)
are modulated by miRNAs (5). Dysregulation of miRNA
expression in cancer, as it occurs with other genes, may
be due to genetic alterations, modification of epigenetic
patterns, transcriptional control, and post-transcriptional
regulation (e.g., alteration of the miRNA processing
machinery). It is a general characteristic of cancer cells that
the expression of most miRNAs decreases in tumor tissue
compared to normal tissue. However, some miRNAs are
increased in malignantly transformed cells and facilitate
oncogenic properties (4).
Few miRNAs such as miR-122 account for >80% of
around 300 miRNAs expressed in healthy liver tissue (6).
miRNA dysregulation is already detectable in early stages
of liver tumorigenesis and a number of studies illustrated
the relevance of aberrant miRNAs on different aspects of
hepatocarcinogenesis and HCC cell biology. For example,
a specific set of miRNAs has been demonstrated to regulate
lipid synthesis, fatty acid oxidation, as well as lipoprotein
production and therefore is involved in the development
of metabolic syndrome (7) and non-alcoholic fatty liver
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disease (NAFLD) (8). In addition, hepatitis B and hepatitis
C viruses (HBV and HCV), which are major risk factors
for the development of HCC, not only alter the miRNA
profile in HCC cells and patients but also exploit the host
miRNAs to improve viral replication and tumor-supporting
mechanisms (9,10). Importantly, up- or down-regulation of
individual miRNAs and miRNA signatures have been used
to further classify HCCs according to specific biological
or clinical parameters (11). For example, a signature
consisting of 20 miRNAs discriminated between HCC
with and without venous metastasis (12). The presence of
this signature correlated with poor outcome and tumor
relapse, illustrating that a set of miRNAs and a network
of probably hundreds of target transcripts may define
a migratory phenotype. In addition, several individual
miRNAs have been reported to be involved in HCC cell
dissemination. For example, reduced expression of miR-122,
which regulates hepatocyte differentiation, increased the
metastatic potential of HCC cells. In addition, miR-34a
showed tumor suppressor effects by reducing cell migration
and invasion via targeting the hepatocyte growth factor
(HGF) receptor c-MET. In contrast, miR-21 represented
an oncogenic miRNA in HCC that induce cell growth,
invasion, and metastasis by inhibiting PTEN gene activity (13).
The study by Kuang-Hsiang Chuang and colleagues
identified miR-494 as an oncogenic miRNA in liver cancer,
which predominantly mediates its pro-migratory effects
through the reduction of an enzyme regulating epigenetic
tags, followed by the inhibition of several invasionsuppressor miRNAs (3). Thus, the dysregulation of miR-494
might function as an initial kick-off for a cascade driving
HCC cell dissemination. Based on miRNA profiling
of HCC patients with and without vascular invasion
combined with data derived from HCC cell lines (with
low or high invasive capacity) the authors identified a set
of significantly up- or down-regulated miRNAs. Highly
expressed miR-494 in tumor nodules correlated with poor
patient survival. In vitro, miR-494 supported migration as
well as invasion associated with the induction of EMTrelated genes. Interestingly, miR-494 overexpression
induced the hypermethylation of proximal CpGislands—and therefore reduction—of miRNAs that are
known suppressors of cell invasiveness. The authors
hypothesized that miR-494 affected these miRNAs via
inhibition of promoter demethylation. By using different
bioinformatic tools, the TET family of methylcytosine
dioxygenases was identified as possible miR-494 target.
This family of enzymes converts 5-methylcytosine (5mC)
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to 5’-hydroxymethylcytosine (5hmC) and therefore
initiates the removal of the epigenetic tag. Indeed, miR-494
negatively regulated three TET isoforms (TET1-3) and
diminished global 5hmC levels. Genetic experiments
revealed that the inhibition of TET1 resembles the effects
observed after miR-494 overexpression. Importantly, in a
rescue experiment, the authors showed that reduced cell
mobility after miR-494 inhibition was partly compensated
after simultaneous TET1 knockdown. Indeed, HCCs
with high miR-494 amounts (associated with vascular
invasion) showed increased levels of EMT markers, and
reduced 5hmC abundance and TET1 expression. Lastly,
reduction of miR-494 amounts diminished the ability of
HCC cells to form lung metastases in an orthotopic HCC
xenograft model.
Besides the recent study by Chuang et al., other
publications described the oncogenic role of miR-494
in HCC. For example, miR-494 was reported to induce
proliferation, migration, and invasion, as well as Sorafenib
resistance, by targeting the phosphatase PTEN (14).
Moreover, miR-494 increased HCC cell proliferation and
G1/S cell cycle transition through targeting the tumor
suppressor gene mutated in colorectal cancers (MCC), and
its inhibition decreased transformation in both human HCC
cell lines and de novo tumor formation (15). miR-494 has
also been discussed as biomarker since circulating miR-494
in sera distinguished cirrhotic patients with and without
HCC (16). However, the study of Chuang et al. for the first
time suggested that miR-494 facilitates its pro-migratory
properties through modulation of TET1 and probably
inactivation of further tumor suppressive miRNAs.
Interestingly, the role of miR-494 is not consistent
across different tumor types. miR-494 overexpression
found in HCC has also been reported for non-small cell
lung cancer (NSCLC) (17), acute myeloblastic leukemia,
and retinoblastoma (18). In contrast, miR-494 expression
was reduced in many other tumor entities including
breast cancer (19), ovarian cancer, prostate cancer,
gastrointestinal stromal tumor, pancreatic cancer, and
cholangiocarcinoma (18). These data clearly indicate that
the tumor-suppressive or oncogenic function of miR-494
is tissue and cell type dependent. This dual role of miRNAs
is frequently reported in the literature and reflects the
pleiotropic character of miRNAs, which preferentially target
distinct mRNA sets according to the genomic background
and microenvironment. Reported targets of miR-494
include the oncogene c-MYC in ovarian, gastric (20),
and pancreatic cancers (21) as well as the tumor suppressor
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genes PTEN and MCC in HCC. The molecular
mechanism described by Chuang et al. might also be
relevant for those cancer types where miR-494 acts as an
oncogene (e.g., NSCLC); however, this mechanism is
probably inactivated or functionally compensated in tumors
where miR-494 showed tumor suppressor properties.
Another interesting aspect is that miR-494 belongs to a
miRNA megacluster on chromosome 14q32 that has been
reported to play an important role in cancer. In HCC,
overexpression of this cluster has been associated with
cell stemness and poor survival rates (22). Likewise, the
expression of miRNAs located on this cluster was reported
to drive aggressiveness in lung adenocarcinoma (23). These
results are in agreement with the overexpression of miR-494
in the same tumor type. On the contrary, the 14q32 miRNA
cluster has been shown to be repressed in other human
cancers, such as glioblastoma, ovarian cancer, breast invasive
carcinoma, kidney renal clear cell carcinoma, stomach
adenocarcinoma, prostate adenocarcinoma, and bladder
urothelial cancer (24). These findings not only support the
dichotomous character of miR-494 but also indicate that
other 14q32 cluster miRNAs differentially affect tumor cell
properties in different cancer types.
A recent study by Lim et al. showed an induction of miR494 as part of the miRNA cluster 12qF1 (mouse orthologue
of human 14q32) in three transgenic liver cancer models
driven by c-MYC, RAS, and c-MYC+RAS oncogenes. This
correlation was confirmed in human HCC samples (15),
suggesting that c-MYC and RAS represent potential
upstream modulators of miR-494 and the human miRNA
cluster 14q32 in general. Moreover, an independent study
demonstrated that miR-494 was downregulated after the
inhibition of ERK1/2 nuclear activity in 293A cells (17),
further supporting the involvement of the Ras/ERK
pathway in the modulation of miR-494 expression.
Besides miR-494, only few studies have demonstrated
the modulation of DNA methylation levels by miRNAs
through the repression of distinct miRNA target genes. For
example, the miR-29 family promotes DNA demethylation
and consequent reactivation of tumor-suppressor genes by
inhibiting the de novo DNA methyltransferases DNMT3A
and DNMT3B (4). Common epigenetic changes occurring
in cancer cells include global hypomethylation but also
hypermethylation of tumor suppressor genes (4). The
study on miR-494 now suggested that dysregulation of
specific miRNAs may act as initial events that drive tumorsupporting imbalance of other miRNAs depending on an
epigenetic mechanism.
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The overall 5-year survival rate of HCC is still very low,
partly due to the unsatisfactory power of conventional HCC
biomarkers (e.g., DPC, AFP, and AFP-L3), which are often
unable to distinguish between cancer and inflammatory
diseases such as chronic hepatitis or liver cirrhosis (22).
Unlike currently used biomarkers, miRNAs have a high
specificity in cancer detection and classification. In addition
to the examples mentioned above, a seven miRNA signature
is suitable to differentiate HCC patients from healthy
volunteers, patients with cirrhosis, and patients with
chronic HBV infection (13). Since highly stable miRNAs
can be accurately detected in a wide variety of body fluids (4)
even under extreme conditions (13), they represent ideal
non-invasive biomarkers that can help physicians with
patient evaluation and therapy. Importantly, differential
miRNA expression in serum has been detected even at
early cancer stages (5). However, there is poor consensus
regarding circulating miRNA profiles in patients with
HCC (16). The major reasons for this limitation are
probably differences in the miRNA isolation protocols,
cohort specifications, varying technical detection platforms,
and to certain extent tumor heterogeneity in human
HCCs. Therefore, additional studies are needed to achieve
consistent results on potential miRNA biomarkers. The
study of Chuang et al. indicates that miR-494 levels might
be used to identify highly aggressive HCCs. Moreover,
it is possible to analyze the methylation status of the
downstream tumor-suppressive miRNAs repressed by miR494 as indicator of HCC aggressiveness. Indeed, DNA
methylation levels have been previously proposed to be
useful as markers for cancer prognosis (25).
Besides their potential role as biomarkers, miRNAs
represent novel targets for therapeutic intervention, which
may include the administration of drugs that modulate
upstream regulators of miRNA expression, inhibition of
oncogenic miRNAs or reintroduction of tumor-suppressive
miRNAs (13). According to the results of Chuang et al., the
therapeutic inhibition of one individual miRNA might lead
to the consequent upregulation of a set of tumor-suppressive
miRNAs, which would inhibit tumor development. Since
miRNAs are master coordinators of multiple cellular
pathways, it is assumed that miRNA-directed therapies will
be less liable to the development of resistance.
One of the main challenges of miRNA-based therapy is
to reach the required drug levels in the tumor. However,
chemical modifications of the therapeutic miRNA joined
with the fact that the liver has a unique affinity for small
nucleic acids (15), allowed to demonstrate the efficacy
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of a miRNA-based therapy in primates infected with
HCV. In this study, locked nucleic acid (LNA)-modified
anti-miR-122 was administered to chronically infected
chimpanzees. Results demonstrated that the treatment
induced a long-term suppression of HC-viremia with no
evidence of unwanted effects (4). This example shows that
miRNA-based therapies might be applicable in the near
future. Nevertheless, as shown before, miRNAs may exert
both oncogenic and tumor suppressor activities depending
on the tissue/cancer type. Therefore, the selection of the
miRNA/s to be targeted or replaced in each specific tumor
type must be carefully defined.
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Hepatocarcinogenesis is a long process characterized
by the progressive development of preneoplastic and
neoplastic lesions, and the acquisition of multiple genetic
and epigenetic events contributing to the biochemical and
molecular heterogeneity of the disease (1,2). Hepatocellular
carcinoma (HCC) constitutes the second/third cause of
cancer-related deaths in the world (3). Curative strategies of
HCC, such as liver transplantation, radiofrequency ablation,
alcoholization, or sorafenib (a multikinase inhibitor) are
available (4). Unfortunately, the majority of patients are not
candidates for these therapies, due to the delay of HCC
diagnosis. In addition, the survival benefit of sorafenib is
still modest. Therefore, there is an urgent need to develop
molecular tools and guarantee patients stratification on the
basis of the molecular and clinical features, and to identify
new strategies to prevent relapse and prolong patient
survival (5). Although significant progress has been made in
the knowledge of HCC pathogenesis, the information on
molecular mechanisms underlying HCC development and
progression is still incomplete (1,2).
Copy number changes, in a part or entire chromosomes,
or of specific genes can have a dramatic impact on the
fitness of an organism (6). Cancer is an excellent example
of amplifications and deletions driving disease (7).
Chromosome rearrangements are a hallmark of most solid
tumors. Cytogenetic studies allowed the identification of Rb
suppressor gene as a consequence of chromosome deletion
del[13] (q14) in retinoblastoma, and the translocation
t(8;14) of the proto-oncogene c-myc in human Burkett’s
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lymphoma (8). Additionally, cytogenetic studies associated
to molecular analyses of recurring chromosome changes has
greatly improved the identification of oncogenes and tumor
suppressor genes that could play a critical role in tumor
development.
Genes located in chromosomal regions frequently
amplified or deleted are often not expressed, either in normal
or tumors tissues, making unclear the functional role of
these alterations. The identification of chromosomal regions
containing DNA copy number or specific genes alterations,
consequently associated to transcriptional deregulation, might
offer a promising strategy to identify driver genes accounting
for cancers aggressivity and/or functioning as biomarkers (9).
Second generation sequencing, and comparative genomic
hybridization array allow the characterization of somatic
copy number alterations/variations (SCNA/SCNV) in cancer
samples (10,11).
In addition to small regulatory RNAs (e.g., microRNA
and siRNA), mammalian genome transcribes other noncoding RNAs as long non-coding RNA (lncRNA) (12).
LncRNA have been implicated in embryogenesis, gene
dosage compensation, invasiveness, metastasis, and
other biological processes (13). LncRNA regulate gene
expression serving as repressor or activator of transcription
process, lncRNA-p21 acts as repressor of p53. LncRNA
are recently associated to a variety of diseases, for example
neurodegenerative diseases and cancers (14,15).
Recently Dr. Zhou and collaborators published an
interesting paper in which they consider the opportunity

www.amegroups.com

68

Feo et al. Role of long non-coding RNA-PRAL on HCC diagnosis and therapy

to evaluate the outcome of HCC based on the loss of the
lncRNA-PRAL, a p53 regulation associated lncRNA (16).
SCNA may lead to the identification of new cancercausing genes suggesting specific therapeutic approaches.
Using the genome-wide chromosomal copy number
analysis, it was found that more than 80% of pancreatic
intraepithelial neoplasms and pancreatic intraductular
papillary mucinous neoplasms, from patients with a familial
history of pancreatic cancer, do not show detectable SCNA.
Approximately 95% of familial pancreatic precancerous
lesions harbored K-RAS codon 12/13 mutations. However,
a small percentage of pancreatic preneoplastic lesions
showed SCNA and, in some samples, the SCNA preceded
the K-RAS mutations (17).
Zhou and Coworkers underline the consistent challenge
to identify oncogenes and tumor suppressor genes targeted
by SCNA and to elucidate SCNA functions affecting
HCC phenotype. They refer to several sophisticated
methodologies, cytogenetic studies, array-based profiling
and the more recently targeted exome capture, as tools
to identify recurrent SCNA associated to HCC. They
emphasize, however, the difficulty to link directly SCNA
(localized often in intergenic regions) to proteins content
and/or function.
The authors suggest the possible role of lncRNA as
tumor suppressors or oncogenes drivers, involved in HCC
and other cancers development. The observations that
lncRNA are located in genomic fragile sites or in genomic
abnormal regions, associated to cancer phenotype, strongly
supports Zhou and Coworkers hypothesis. To better
understanding cancer pathogenesis, the authors focus their
attention to the link of SCNA and lncRNA. Zhou and
Coworkers performed a data mining process on published
data (GSE38323), and evaluated the frequency of DNA
amplifications or deletions on HCCs samples and matched
non-tumor liver tissues. By integrating SCNA profiles
with lncRNA expression signatures, 11 lncRNA within
SCNA regions, up to 73 lncRNA previously isolated, were
identified by the authors. Among the 11 lncRNA, lncRNAPRAL was significantly underexpressed and recurrently
deleted in HCC. The genomic lncRNA-PRAL alteration
was highly correlated with poor prognosis of HCC bearing
patients. Markedly, lncRNA-PRAL exhibited greatest
reductions of both DNA copy number and RNA transcript
levels, and Kaplan-Meier analysis demonstrated that the low
genomic level of lncRNA-PRAL in HCC was significantly
correlated with reduced tumor-free survival and overall
survival of HCC bearing patients. With respect to the
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etiology, the presence of SCNA and genome instability
was significantly more remarkable in HBV- than in HCVor alcohol-related HCC. In all these HCC subgroups,
more than 43% of SCNA were located in human genome
intergenic regions.
By functional experiments, Zhou and Coworkers show
that lncRNA-PRAL was localized into both cytoplasmic
and nuclear compartments and that its expression was
significantly lower in several hepatoma cell lines compared
to immortalized hepatocytes. LncRNA-PRAL knock-down
by siRNA, led to increase in cell proliferation of hepatoma
cell lines and to lower apoptosis, compared to control cells.
In contrast, HCCLME and SMMC-7721 cells, forced to
overexpress lncRNA-PRAL, showed lower proliferation and
higher apoptosis.
The potential biological therapeutic relevance of
lncRNA-PRAL was evaluated by delivering adenovirus
vector-lncRNA-PRAL (AV-PRAL) in nude mice, preinjected with human HCC cell lines. This treatment
induced a significant inhibition of tumor growth. This
experiment supports the suggestion that AV-PRAL may
have considerable potential as HCC gene therapy.
The molecular basis linking lncRNA-PRAL deletion
with HCC poor prognosis is explained by Zhou and
coworkers showing that lncRNA-PRAL enhances p53
stability, in vitro and in vivo, favoring the formation of
HSP90-p53 complex and apoptosis, and inhibiting MDM2dependent p53 ubiquitination and degradation. In addition,
lncRNA-PRAL directly binds to HSP-90.
The experiments published by Zhou and coworkers,
clearly demonstrate that lncRNA-PRAL down-regulation
may be responsible for p53 inactivation in p53-wild type
HCC. Indeed, the Authors state that apoptosis is absent in
p53-deficient (Hep3B) or p53-mutant (Huh7) cells cultured
in presence of lncRNA-PRAL.
It must be noted, however, that HSP90 is a chaperone
molecule for over 100 client proteins, several of which
are involved in signaling pathways (18), and contributes
to modify chromatin conformation and to the expression
of numerous genes. HSP90 favors also the stability and
function of HMGA2 (19), a non-histone protein acting as
a transcriptional regulating factor. Zhou and coworkers
suggest a more complex role of HSP90 in modulating
cancer development and progression, beyond to be a simple
apoptosis inhibitor. These considerations are in line with
the proposal that HSP90-associated lncRNAs may provide
new and ideal cancer therapeutic tools (19).
The results and conclusions published by Zhou and
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coworkers on Hepatology paper (16) may help planning
future actions in the fight against liver cancer, either
through the detection of early cancer lesions or improving
diagnosis and therapy.
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Rational design of treatments with increasing selectivity for
tumor cells has been the goal of cancer research for many
decades. Advances in the knowledge of cell composition,
function and regulation have been rapidly applied in the
search for differences between normal and cancer cells
that could provide new targets for treatment or diagnosis.
Scientific and technological innovations are now opening
unprecedented opportunities in this field.
The concept of cancer stem cells (CSC) has changed the
way many scientist address this issue (1). Instead of studying
differences between normal and tumoral tissues, the most
relevant comparisons are now established between normal
and CSC. The traditional stochastic model of cancer
assumed that virtually all cancer cells have the capacity to
sustain tumor growth, and explained the heterogeneity
of cancer cells as a reflection of the genetic instability
coupled with the selective pressure imposed by the host.
In contrast, the CSC hypothesis proposes a hierarchical
organization resembling normal tissues. According to this
model, only a subset of phenotypically identifiable cancer
cells (CSC) is able to sustain unlimited proliferation though
asymmetrical division, resulting in self-renewal plus a
different cell lineage that undergoes partial differentiation
before becoming mitotically inactive. This concept, initially
described in hematopoietic malignancies, was then applied
to breast cancer (2), and now CSCs have been described
in virtually all solid tumors, including hepatocellular
carcinoma (HCC) (3). In practical terms, a dogmatic
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view of the stochastic and hierarchical models of cancer
is not useful, because both concepts are important for the
understanding of tumor biology (4). It is now clear that
not all the cells have the same tumorigenic potential in a
specific moment, but the extraordinary plasticity of cancer
cells can blur this hierarchy (5), and the CSC phenotype
could be considered a functional state in response to
stimuli from the microenvironment, rather than a lineage
attribute. In agreement with this idea, the amazing field of
cell reprogramming has recently illustrated the capacity of
somatic cells to acquire pluripotency.
As their normal counterparts, CSCs are very resilient
cells, equipped with efficient detoxifying and drug efflux
systems, as well as mechanisms that protect them from proapoptotic stimuli and oxidative stress (1). The unlimited
proliferation capacity and the resistance to conventional
radio/chemotherapies point to CSCs as the main
responsible for tumor relapse and metastasis formation.
Therefore, identification of characteristics associated with
CSC properties is crucial not only for the design of targeted
therapies, but also for the development of new diagnostic
and stratification algorithms to guide cancer treatment. The
abundance of CSCs in tumors, based on molecular profiling,
has been associated with bad prognosis and risk of relapse
in a variety of cancers, including HCC (6). In addition,
microarray-derived gene-expression signatures from stem
cells can be used to identify single biomarkers that can be
detected by clinically validated immunohistochemistry
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techniques, as recently described for the transcription factor
CDX2 in colorectal cancer (7).
In the case of HCC, several markers have been proposed
to identify CSCs, including epithelial cell adhesion molecule
(EpCAM), CD13, CD24, CD47, CD90 and CD133
(reviewed in reference 8) (8). Although combinations of
these markers could aid in the discrimination of normal
versus cancer SCs for diagnostic purposes, definition of
therapeutic targets requires the discovery of unique features
in CSC that are not shared by normal SCs or differentiated
tissues. The chances of finding a particular protein or a
cellular function with such specificity seem to be scarce,
taking into account the similarity between physiological and
carcinogenic self-renewal pathways. Encouraged by the fast
development of high-throughput technologies, researchers
are addressing this challenge by scrutinizing the vast
diversity of cellular non-coding RNAs.
The first transcriptome analyses, carried out a decade
ago, led to the amazing discovery that most of the genome
is transcribed to express noncoding RNAs (9). A particularly
abundant family among the non-coding RNA genes
that populate the genome is involved in gene expression
regulation. Regulatory non-coding genes have been
divided into those that express transcripts longer than 200
nucleotides (long non-coding RNAs, lncRNAs) and those
that result in short RNA molecules called microRNAs
(miRs). While lncRNAs have multiple functions, the major
role of miRs is to guide the RNA interference machinery
to target transcripts. This results in decreased stability
and reduced translation of the target gene. Interestingly,
the non-coding transcriptome expressed in the cell is
particularly involved in the fine tuning of cellular processes
and provides new opportunities to define cell-specific
patterns of expression.
In a recent issue of Hepatology (10), Ji and coworkers
used small RNA deep sequencing to compare the miR
transcriptome of EpCAM+ (putative CSC) and EpCAM−
HCC cells from the same patients, and then contrasted the
data with normal EpCAM+ hepatic SCs isolated from fetal
livers and adult liver donors. Analysis of the results showed
expression of 600 known miRs with a median of reads
higher than 3. As many as 99 out of the 600 miRs were
differentially expressed more than 2-fold between EpCAM+
and EpCAM − HCC cells. The authors selected those
showing drastic changes between EpCAM+ and EpCAM−
cells (more than 5-fold) which were not changed in normal
SCs compared to hepatocytes (less than 2-fold). Among
those, miR-155, miR-150 and miR-223 seemed especially
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relevant: they were significantly upregulated in HCCs from
patients with high levels of the AFP marker and EpCAM,
which correspond to patients with short survival and HCCs
with strong metastatic features. Furthermore, they found a
signature of 511 transcripts whose expression significantly
correlated with the expression of miR-155, miR-150 and
miR-223. This signature was able to discriminate EpCAM+
AFP + HCCs from EpCAM − AFP − HCCs and predicted
overall survival and time to recurrence.
miR-155 was chosen for further analysis based on the
strong and specific expression in EpCAM + AFP + HCCs
compared with EpCAM − AFP − HCCs, adult and fetal
livers, and normal hepatic stem cells. miR-155 is not the
first miRNA marker described in HCC CSCs. Several
authors have shown that HCC CSCs have decreased levels
of miR148a, miR-142-3p, miR-150, miR-145, miR-612,
miR-200a and miR-200c and increased levels of the miR181 family and miR-21 (11-13). What seems unique for
miR-155 is the exquisite specificity of expression in HCC
CSCs compared to hepatocytes and normal hepatic stem
cells. Similar to the other miRs deregulated in CSCs from
HCC, miR-155 could be not only a marker but a driver
for HCC. Supporting this possibility, silencing of miR-155
resulted in decreased levels of EpCAM+ cells and inhibition
of malignant features such as migration, invasion, spheroid
formation or colony formation. Finally, 27 transcripts
predicted to be regulated by miR-155 and downregulated in
EpCAM+ AFP+ HCCs compared to EpCAM− AFP− HCCs
served to build a signature that discriminates survival and
time to recurrence in patients.
The oncogenic functions of miR-155 were described
before the discovery of miRs. At that time it was identified
as an oncogene called B-cell integration cluster (BIC) which
induced B-cell leucosis in chickens (14). Further work
demonstrated that transgenic mice overexpressing miR155 developed lymphomas, and clinical studies found an
association between miR-155 expression and bad prognosis
in several human malignancies (15,16).
The findings now described by Ji and coworkers (10)
pave the way for new therapies targeting HCC CSCs.
As miR-155 is simultaneously a marker of CSCs and a
regulatory factor, it can be used to develop new gene
therapy approaches against HCC. For instance, transfer of
genes encoding drug-detoxifying enzymes to the liver could
protect normal hepatocytes and SCs from chemotherapeutic
agents, whereas CSCs would remain sensitive to the drugs
if miR-155 target sites are incorporated in the expression
cassette.
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Furthermore, therapies that block miR-155 should
decrease cell proliferation and could be beneficial for
the treatment of HCCs and other tumors whose growth
is driven by miR-155 expression. However, a potential
drawback of this approach stems from the physiological role
of miR-155 in normal cells. Although miR-155 is absent in
hepatocytes, it is expressed in the thymus and the spleen, and
plays a fundamental role in immune cell functionality (17).
This includes antibody-mediated signaling in B cells and
inflammatory cytokine production in macrophages and
dendritic cells, where miR-155 expression increases in
response to interferon and the toll-like receptor pathway (18).
Therefore, therapies targeting miR-155 or other oncogenic
miRs should reach most tumor or CSCs while sparing
normal cells.
Another issue for the therapeutic application of miR155 is the possibility that it only identifies a subset of
HCC CSCs, specifically those expressing EpCAM. This
is relevant because several biological markers of hepatic
CSCs different from EpCAM have been identified, such
as CD133 or CD90 (8,19,20). Due to the heterogeneity of
hepatic CSCs with different CSC markers and their clinical
significance, common miRNA profiles could be difficult to
find. Nevertheless, progress in the characterization of HCC
drivers provides new candidate targets for the development
of combined therapies with increased levels of safety and
efficacy.
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Abstract: Hepatocellular carcinoma (HCC) is one of the most fatal malignancies worldwide. It
is an aggressive cancer with low cure rate, frequent metastasis, and highly resistant to conventional
chemotherapies. Better knowledge regarding the molecular and metabolic alterations in HCC will be
instrumental to the development of novel therapeutic interventions against HCC. In the August 2015 issue
of Hepatology, Nie et al. reports an important molecular pathway that contributes to the Warburg Effect
in HCC. They have beautifully demonstrated that the loss of a component of a hormonal system, the
mineralocorticoid receptor (MR), reprogrammed the metabolic machinery of HCC cells to aerobic glycolysis
through the miR-338-3p-PKL/R axis. The implication could be that in addition to drugs that directly target
the metabolic enzymes in cancer cells, more translational efforts could be focused on the development of
drugs that involve the activation of the MR-aldosterone system or other hormonal systems to target the
Warburg effect.
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Hepatocellular carcinoma (HCC) remains one of the most
fatal malignancies worldwide. High death rate in HCC is
mostly attributed to the lack of curative therapy and late
symptom presentation. Only a minority of HCC patients
are eligible for surgical resection or liver transplantation
due to poor liver functions or presence of metastasis.
Furthermore, HCC has a high recurrence rate and is
highly resistant to conventional chemotherapies. So far,
there is only one FDA-approved targeted therapy for
advanced HCC patients, but its effect is only modest (1).
Better knowledge regarding the molecular and metabolic
alterations in HCC will be instrumental to the development
of novel therapeutic interventions against HCC.
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Warburg effect and hepatocellular carcinoma
(HCC)
Liver is a center that coordinates the major metabolic
events in our body. During the development of HCC, in
the cancer cells, the normal hepatocytic functions are lost,
accompanied by the acquisition of new metabolic traits
that support the increased nutrient requirement for HCC
cells. HCC cells prefer to metabolize glucose by glycolysis
over oxidative phosphorylation to produce energy even in
the presence of O2, a cancer hallmark which is also named
the Warburg Effect (2). Although less energy efficient, this
metabolic shift maximizes the production of anti-oxidants
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and building blocks for rapid cell division (3). In the August
2015 issue of Hepatology, an elegant article by Nie et al.
reports an important molecular pathway that contributes
to the Warburg Effect in HCC (4). Nie et al. demonstrated
that down-regulation of the mineralocorticoid receptor
(MR) in HCC led to down-regulation of its transcriptional
target, miR-338-3p, which resulted in the up-regulation
of pyruvate kinase (PK) L/R and subsequently increased
glycolysis (4). PK is a glycolytic enzyme which catalyzes
the last step of glycolysis, transferring a phosphate group
from ADP to phosphoenolpyruvate forming pyruvate
and ATP. As pyruvate diverges into glycolysis and TCA
cycle, PK determines the metabolic flux into glycolysis and
oxidative phosphorylation. PK has 4 isoforms which are
derived from 2 genes, the PKL and PKM. The PKL gene
produces the PKL and PKR isoforms, the transcriptions
of which are initiated from two different tissue-specific
promoters. The PKM gene produces PKM1 and PKM2
by alternative splicing and resulting in a 9th and 10th exoncontaining PKM isoforms. PKL is highly expressed in liver
and kidney. PKR is highly expressed in red blood cells.
PKM1 is highly expressed in muscle, brain, and bladder.
PKM2 is particularly abundant in cancer cells. PKM2, a less
active isoform as compared to PKM1, favors tumor growth
as PKM2 channels glucose intermediates from the TCA
cycle to glycolysis (5,6). Most studies in the field compare
the biochemical and oncogenic properties of PKM2 and
PKM1 without taking into account of the PKL and PKR
isoforms. Nie et al. beautifully showed that PKL/R isoforms
enhanced the glycolytic flux of HCC cells and promoted the
Warburg Effect (4). The deregulation of PKL is particularly
important in the context of HCC and liver, as PKL is
highly expressed in liver but not in other tissues. Of note,
this study did not distinguish the roles of PKL and PKR.
Our previous study showed that PKR expression was barely
detectable in HCC and normal liver tissues (7), suggesting
that effects observed by Nie et al. should be mediated
mostly by PKL but not PKR. A long-standing question as
to why cells of different tissue contexts express and require
different PK isoforms is yet to be addressed.
MiRNAs and pyruvate kinase (PK)
As PKL/R and PKM1/2 isoforms are derived from PKL
and PKM genes, respectively, PKL/R and PKM1/2 share
different 3’ untranslated regions (3’UTR). 3’UTR is
recognized and bound by the miRNAs with complementary
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seed sequences, mediating degradation of the target
mRNAs or translational repression (8). Therefore, PKL/R
and PKM1/2 are regulated by different sets of microRNAs
(miRNAs). Mounting evidence has documented those
miRNAs that interfere with the 3’UTR of PKM1/2. MiR122, miR-let-7a, and miR-29b have been shown to directly
interact and suppress PKM2 expression in various cancer
models (7,9,10). PKM2 is known to be a transcriptional
target of c-myc (11). MiR-290/371 cluster represses
a transcriptional repressor of c-myc, Mdb2, thereby
promoting c-myc-induced PKM2 expression and glycolysis
in embryonic stem cells (11). While most studies tilt to
reveal the miRNA regulation on PKM2, Nie et al. provides
the first report to establish the link between miRNA and
PKL/R (4). In HCC cells, Nie et al. showed that miR-3383p suppressed PKL/R and confirmed that miR-338-3p
inhibited glycolytic flux (4). They also demonstrated that
miR-338-3p and PKL/R expression levels were inversely
correlated in human HCC samples (4). Intriguingly, they
showed that miR-338-3p expression was controlled by a
transcription factor, MR in human HCC (4).
Mineralocorticoid receptor (MR) system in liver
MR is also known as the aldosterone receptor as it is
activated by its ligand, aldosterone, a steroid hormone
produced by the adrenal gland. The MR-aldosterone
system is particularly important to the kidney (12). Upon
stimulation by aldosterone, MRs of the renal cells are
translocated into the nucleus and bind to promoters of
genes to activate their transcription to promote sodium
and water retention and reduce potassium concentration in
the blood, thereby increasing blood pressure. When blood
flow in the kidney is decreased, renal cells produce renin
which converts the angiotensinogen which is generated
by the liver to angiotensin I and subsequently angiotensin
II. Angiotensin II in turn stimulates renal cells to secrete
aldosterone. The renin-angiotensin-aldosterone system
is mainly regulated by the kidney and liver and plays an
essential role in blood pressure maintenance. Increasing
evidence has shown that MR expression is not restricted
to renal cells but in different types of cells in the central
nervous system, heart, blood vessels, sweat glands, brown
adipose tissue, and colon (13). Nie et al. documented
that MR could be detected in normal liver and was
under-expressed in around 80% of HCC cases (4). This
important clinical observation suggests that there may be
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some unknown functions of MR in the liver and HCC
patients might have impairment in the renin-angiotensinaldosterone system.
Taken altogether, Nie et al. have beautifully disclosed
that the loss of a component of a hormonal system, the
MR, reprogrammed the metabolic machinery of HCC
cells to aerobic glycolysis through the miR-338-3p-PKL/
R axis (4). In the coming future, in addition to drugs that
directly target the metabolic enzymes in cancer cells, more
translational efforts should be focused on the development
of drugs that involve the activation of the MR-aldosterone
system or other hormonal systems to target the Warburg
Effect.
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Novel strategies against treatment-resistant tumor cells
remain a major challenge but a promising therapeutic
method. Over the past decade, despite accumulated evidence
suggesting the presence of highly malignant cell populations
within tumors, the issues such as in vivo targeting and
clinical relevance remain unsolved. In liver cancer, which is
the 5th most common cancer in worldwide, several hepatic
stem/progenitor markers are found for isolating a subset of
liver cells with stem cell features, such as cancer stem cells
(CSCs) which are responsible for tumor drug resistance,
relapse, and metastasis (1). Currently, Yamashita’s group
focused on chromodomain helicase DNA binding protein 4
(CHD 4), a component of the histone deacetylase NuRD
complex which participates in the remodeling of chromatin
by deacetylating histones (2). They found that CHD4,
which is specifically expressed in CSC fractions with
[epithelial cell adhesion molecule (EpCAM)]+, could be a
therapeutic approach against liver CSCs.
Among primary liver cancers, hepatocellular carcinoma
(HCC) represents the major histological subtype, accounting
for around 80% of cases of primary liver cancer (3).
The poor prognosis of patients with HCC is credited to
recurrence of the disease after treatment and the emergence
of chemoresistance, which may be explained partly by the
existence of liver CSCs. Liver CSCs have been recognized
as an important therapeutic target against HCC. Several
liver CSCs markers identified include EpCAM, CD133,
CD90, CD44, CD24, CD13, oval cell markers (OV6, A6,
and OV1), cytokeratin 7, CK19, fetal hepatocytes (alphafetoprotein), as well as aldehyde dehydrogenase activities (4).
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Those liver CSC markers may functionally support
their malignant phenotypes with highly invasiveness and
chemoresistance (1,5). Therefore, these surface markers
serve not only as tools for identifying liver CSCs but
also as therapeutic targets for eradicating these cells
(6,7). Although numerous therapeutic agents have been
developed targeting liver CSC markers, their clinical
significance have not been confirmed. Other possible
approaches for targeting liver CSCs examine CSC-specific
molecular signatures that are involved in high therapeutic
resistance. In the current publication by Nio et al., the
authors highlighted chromatin remodeling enzyme CHD
4 (1). This unique molecule is known for their roles in
DNA-damage response and cell cycle progression (8).
Furthermore, as part of NuRD, it participates in regulating
p53 acetylation status, thereby indirectly regulating the
G1/S cell cycle checkpoint. Nio et al. surveyed large HCC
samples and found that CHD4 was abundantly expressed
in cell fraction with EpCAM + HCC CSCs. It was also
identified that the patients with CHD4-high EpCAM +
HCCs showed worse prognosis in two independent cohort
analyses. Most importantly, the authors conducted in vitro
and in vivo model studies that assessed the efficacy of the
histone deacetylase inhibitors such as suberohydroxamic
acid and poly(ADP-ribose) polymerase inhibitor and found
that the combination of these two inhibitors effectively
inhibited tumor growth in a mouse xenograft model. They
also indicated the reduction of EpCAM+ CSCs after the
treatment of these inhibitors, thus suggesting that the
CHD4 targeting agents can be a promising new molecular
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therapy in HCC.

Hepatol 2015;63:1164-72.
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Advances in imaging, surgery and medical therapy over the
last few decades have resulted in steadily-declining cancer
mortality rates across the globe. Mortality attributed to primary
liver cancer, however, continues to rise (1). Liver cancer
is responsible for over 700,000 deaths per year and is the
second highest cause of cancer-related deaths worldwide (2).
Hepatocellular carcinoma (HCC) is the commonest
primary liver cancer and geographical variations in HCC
incidence and mortality largely reflect the prevalence
of hepatitis B and C viral infections, which predispose
to chronic liver disease (CLD) and HCC. In countries
where the prevalence of viral hepatitis is low, however,
the incidence of HCC continues to rise, attributed to the
prevalence of alcoholic and obesity related liver diseases (3).
Over the last two decades, several life prolonging advances
have been introduced for the management of patients with
early and intermediate stage HCC (4). Unfortunately, despite
these advances and irrespective of etiology, surveillance
strategies to detect early cancers are largely ineffective,
resulting in late stage presentation for the vast majority.
Options for these patients are limited and HCC incidence
and annual mortality data remain remarkably similar.
There is an urgent need, therefore, to improve palliative
treatment options for patients with advanced HCC.
Cytotoxic therapies such as chemo or radiotherapy are
poorly tolerated in patients with CLD and a major focus
over the last few years has been on candidate targeted
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medical therapies. The multikinase inhibitor sorafenib
is a cytostatic agent targeting RAF kinase and VEGFR
signalling in the tumour cells and their microenvironment
and following landmark trials published in 2008 and
2009, sorafenib became the standard of care for patients
with advanced HCC (5,6). Although its survival benefit
was a modest median of 6–10 weeks, its introduction was
accompanied with enthusiasm and the hope that following
this small but major step forward, second line therapies
targeting alternative pathways would follow.
In fact, for a number of reasons as recently reviewed (7),
this has not yet happened. Toxicity is partly to blame,
but in addition has come the realisation that we need to
understand better the key drivers of hepatocarcinogenesis,
as well as how to block them effectively with emerging
novel therapies. Biomarkers guiding treatment stratification
may well be essential to guiding their use more effectively
and we have entered a second phase of ‘enrichment’ trials in
patients with HCC—treating individuals with upregulation
of a targeted pathway, for example, rather than all comers.
In addition to targeting oncogenic drivers more effectively,
we have realised the need to improve our understanding of
HCC therapy resistance and how to overcome it.
HCC has always been regarded as a notoriously
treatment resistant cancer. Traditional cytotoxic therapies
are not just poorly tolerated in cirrhotic patients—they
are also largely ineffective. Recognised mechanisms of
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resistance include the upregulation of ABC transporters or
pathways exporting or metabolising drugs in HCC cells.
Strategies to target these pathways therapeutically have
proved disappointing thus far. More recently has come the
realisation that while an impairment of DNA damage repair
can cause cancer, up-regulated DNA damage repair activity
is often evident in established cancers (8). Both radiotherapy
and cytotoxic drugs act by causing DNA damage, to which
the cell mounts a DNA damage response (DDR) to signal
and repair the damage. Increased DNA damage repair
activity can therefore contribute both to tumour survival
and progression, as well as therapeutic resistance. For
cancers whose survival is dependent on the DDR, there
is hope that inhibition of the DDR may result in tumour
death—with little damage to non-tumour tissues. In parallel
is the hope that DDR inhibition may render traditional
cytotoxic therapies more effective, at lower and better
tolerated doses. Therapeutic targeting of DDR pathways
may include treatments that inhibit DNA single-strand
break (SSB) or double strand break (DSB) repair pathways.
For example, base-excision repair of SSBs is dependent on
the enzyme poly(ADP-ribose) polymerase (PARP). PARP
inhibition is non-toxic and results in conversion of SSBs
to DSBs. Trials suggest benefit in individuals who develop
cancer as a result of a defect in DSB repair—namely those
with germline BRCA1 or BRCA2 mutations (9). In these
patients, cancer develops when a cell acquires a second
mutation in the DSB DDR, but the cancer specific defect in
DSB break repair becomes the cancer’s ‘achilles heel’, as the
cancer is consequently unable to repair the damage induced
by PARP inhibition (10). In patients with HCC, germline
BRCA1/2 mutations are rare, but PARP expression may
be increased and have a role in HCC progression (11,12).
Furthermore, PARP inhibition—possibly in combination
with an agent promoting SSBs—may have therapeutic
potential (13,14). Similarly, recent studies suggest that
activity of the non-homologous end-joining pathway of
DSB repair is upregulated in HCC, through increased
expression and activity of the DNA-dependent protein
kinase catalytic subunit (DNA-PKcs), and that this is a poor
prognostic indicator contributing to the innate resistance of
HCCs to cytotoxic agents (15,16). Inhibitors of DSB repair
may therefore also have therapeutic potential in patients
with HCC, if not as single agents, perhaps in combination
with PARP inhibitors, or as potentiators of tumour directed
cytotoxicity of lower dose chemotherapy or selective
internal radiotherapy.
The paper by Nio et al. recently published in Journal
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of Hepatology (17), compliments the emerging theme of
exploiting DDR inhibition for patients with HCC, but also
sets this in the context of another proposed mechanism
of resistance to cancer treatments—namely that of the
so called ‘cancer stem cell’ (CSC). Within cancers it is
proposed that a small minority of cells—CSCs—possess
the characteristics of normal stem cells, retaining the ability
to self-renew and differentiate into the multiple cell types
present in a particular cancer. Of key importance is that
CSCs often lack the particular characteristic targeted by a
traditional or novel anti-cancer therapy. It is hypothesised
therefore, that this small sub-population of cells are a
distinct population that survive treatment and cause relapse
as well as promoting metastatic disease. Strategically,
therapeutic approaches specifically targeting CSCs may
have the potential to treat cancers more effectively, reducing
recurrence and metastatic spread.
Nio and the team lead by Taro Yamashita have previously
shown that the stem cell marker EpCAM can be used to
classify HCC subtypes with stem cell features, with distinct
gene expression profiles and patient prognosis (18,19).
They have also shown that cells sharing this phenotype
exhibit resistance to chemotherapeutic agents (19,20) and
have gone on to explore candidate underlying mechanisms.
Using gene expression profiling approaches, they identified
activation of the transcription factor Sal-like protein 4
(SALL4) in EpCAM positive HCC cells. SALL4 reportedly
interacts with other stem cell transcription factors (e.g.,
Oct4 and Nanog), in addition to interacting directly with
the epigenetic modulator and nucleosome remodelling
and histone deacetylase (NuRD) complex—regulating
histone modifications which maintain stemness. The NuRD
complex is a chromatin remodelling complex, made up of
chromodomain-helicase-DNA-binding proteins (CHDs),
metastases-associated proteins and histone deacetylases
(HDACs).
The authors have now highlighted the role played
by chromodomain-helicase-DNA-binding protein 4
(CHD4)—a DNA-binding protein recruited to DNA
damage sites in a PARP dependent manner—in the NuRD
complex, exploring its contribution to chemoresistance
in EpCAM positive HCC. Studying gene and protein
expression profiles in vivo in 245 and 144 patients
respectively, they have confirmed that CHD4 is abundantly
expressed in EpCAM positive HCC in association with a
poorer prognosis. Furthermore, they have manipulated
CDH4 levels in EpCAM positive HuH7 HCC cells
in vitro, showing that CHD4 knockdown increased
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chemosensitivity to epirubicin, with reduced cell viability,
while CHD4 overexpression induced resistance, with
increased cell viability in the presence of epirubicin. Having
established a key functional role for CHD4, the authors
have subsequently inhibited those functions of CHD4
that are mediated through HDAC and PARP, with specific
respective inhibitors suberohydroxamic acid and AG014699. Treatment with either agent reduced the numbers
of EpCAM positive liver cancer cells in vitro, while having
no impact on EpCAM negative HCC cell lines. Limited
inhibitor effects were observed in vivo in Huh7 EpCAM
positive tumour xenograft growth in a mouse model, but
the combination of HDAC and PARP inhibitor successfully
inhibited xenograft growth, without any reported toxicity.
These data support an earlier study reporting synergy
between inhibitors of chromatin modifying enzymes and
PARP (21), but have taken a significant step forward in our
mechanistic understanding of their effects and interaction.
While SALL4 and the NuRD complex are clearly
important in maintaining stem cells, these data suggest that
in the presence of DNA damage in EpCAM positive HCC,
SALL4 recruits CHD4 to the NuRD complex in a PARP
dependent manner, promoting repair and chemotherapy
resistance. Furthermore, inhibition of HDAC and PARP
restores sensitivity to chemotherapy in EpCAM positive
cells. These are promising data, presenting a therapeutic
strategy to target chemoresistance in EpCAM positive
HCC or EpCAM positive liver CSCs, potentially offering
hope to a growing group of patients with a particularly poor
prognosis. As stated by Nio et al. the safety, tolerability and
efficacy of this or similar combinations for HCC patients
warrants further investigation.
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To the editor:
First of all, we appreciate the precious comments written
by Professors Dr. Ochiya and Dr. Willoughby to our study
(1,2). As commented, hepatocellular carcinoma (HCC)
is one of the most common cancers with poor outcome
worldwide, partly due to the lack of effective treatment
options for patients with advanced-stage disease (3,4).
Treatment with cytotoxic reagents did not show clear
survival benefit in advanced HCC patients. Although
a receptor tyrosine kinase inhibitor sorafenib, mainly
targeting the vascular endothelial growth factor receptor 2
(VEGFR2) signaling in vascular endothelial cells, is the
current standard therapy for advanced HCC, its effect
is modest (5). The novel therapeutic strategy is clearly
required to prolong the survival in advanced HCC patients.
We have been exploring the malignant nature of HCCs
based on the stem/maturational status of the tumors by
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evaluating the expression of stem cell and hepatocyte
markers such as epithelial cell adhesion molecule (EpCAM),
alpha-fetoprotein (AFP), Sal-like protein 4 (SALL4),
organic anion transporter polypeptides 1B3 (OATP1B3),
and hepatocyte nuclear factor 4 alpha (HNF4α) (6-9).
We found that the expression of stem cell markers is very
heterogeneous even in established HCC cell lines, and
these cells show the feature of so-called “cancer stem
cells” (CSCs) in terms of self-renewal and differentiation
capacity, tumorigenic capacity, and chemoresistance against
cytotoxic reagent 5-fluorouracil (10,11). Our previous
studies indicated that HCCs with stem cell features [hepatic
stem cell-like HCC (HpSC-HCC)] show poor prognosis
after surgery, suggesting the requirement to develop novel
adjuvant therapy effective to treat CSCs as well as nonCSCs population in HpSC-HCC.
We have made a concentrated effort on clarifying the
molecular events activated in HCC CSCs. SALL4 is known
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as a recruiter of nucleosome remodeling and deacetylase
(NuRD) complex as well as a transcription factor activating
the genes regulating the stemness (12). NuRD complex
contains histone deacetylases (HDACs) to regulate the
histone modification. Indeed, our previous study indicated
that SALL4-positive HCCs have high HDAC activity
and are chemosensitive to an HDAC inhibitor SBHA (9).
However, SBHA treatment alone had a limited efficacy to
suppress the tumorigenesis in patient-derived xenograft
(PDX) mouse model (unpublished data), suggesting
the need to search additional targets activated in HCC
CSCs. Since NuRD complex is composed of HDACs,
chromodomain-helicase-DNA-binding proteins (CHDs),
and metastasis-associated proteins (MTAs), we focused
on the characterization of these protein expressions in
HCC CSCs.
In our current study, we evaluated the expression
of chromodomain helicase DNA-binding protein 4
(CHD4) in HCC. Although CHD4 is known as relatively
ubiquitous protein detected in proliferating cells, we
found that CHD4 is highly expressed in EpCAM-positive
HCCs compared with -negative HCCs, and the abundant
expression of CHD4 correlates with poor prognosis in
HCC patients. Interestingly, forced expression of CHD4
conferred chemoresistance against epirubicin, consistent
with the previous studies suggesting the role of CHD4 on
DNA double strand break repair through interaction with
poly (ADP-ribose) polymerase (PARP) (13-15). Sorted
EpCAM-positive CSCs showed the strong expression
of CHD4, suggesting that CHD4 plays a crucial role in
chemoresistance as a core member of NuRD complex
and may be a potential therapeutic target in HCC CSCs.
We tried to suppress the molecular activity of CHD4 as a
regulator of HDAC and PARP by combination of an HDAC
inhibitor (SBHA) and a PARP inhibitor (AG-014699)
in PDX mouse model, and demonstrated the utility of the
combination of HDAC and PARP inhibitor to suppress the
HCC growth in vitro and in vivo (16).
Since several evidence have demonstrated that the
aberrant expression of HDACs is associated with poor
prognosis and survival rates in HCC (17), HDAC inhibitor
alone or in combination with sorafenib has been recently
tested in some clinical trials (18,19). Our findings offer
new mechanistic insights into the chemoresistance of
HCC CSCs and suggest clinical utility of HDAC/PARP
inhibitors combination therapy. We hope that our findings
will provide a novel therapeutic option for patients with
advanced HCC in near future.
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Abstract: An analysis of premalignant lesions, risk factors and models of carcinogenesis of gallbladder
cancer (GBC) involves the concept of organ specificity. In GBC, the dysplasia-carcinoma sequence and
metaplasia-dysplasia-carcinoma sequence are considered to be more important models of carcinogenesis than
the adenoma-carcinoma sequence. Cholecystectomy is recommended for gallbladder polyps ≥1.0 cm, and
all pre-invasive adenomas and papillary neoplasms ≥1.0 cm are defined as intracholecystic papillary-tubular
neoplasms (ICPTNs). Although adenomyomatosis (ADM) and xanthogranulomatous cholecystitis (XGC)
are controversial lesions, a knowledge of their clinicopathological features would help clinicians to manage
gallbladder lesions associated with ADM or XCG.
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Gallbladder cancer (GBC) is generally considered to be a
rare malignant neoplasm, and there has been no definitive
definition to date of its premalignant lesions, risk factors or
models of carcinogenesis. Barreto et al. recently reviewed
models of the pathways of carcinogenesis of GBC (1). Stepwise development via adenoma/dysplasia to carcinoma is
the most classical model of GBC carcinogenesis. Adenoma
of the gallbladder typically presents as well-demarcated
polypoid lesions. It is classified into three histological
subtypes: the pyloric gland type, the intestinal type and
the foveolar type (2). Pyloric gland-type adenoma is the
most common variant. In colorectal cancer, the adenomacarcinoma sequence proposed by Fearon and Vogelstein (3)
is widely accepted as a major model of carcinogenesis,
while in GBC, the malignant transformation of adenoma
or the co-existence of adenoma with GBC is very rare (4).
Therefore, the dysplasia-carcinoma sequence (5) or the
metaplasia-dysplasia-carcinoma sequence (6) is considered
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to be more important models of gallbladder carcinogenesis
than the adenoma-carcinoma sequence. Generally, a
pathological diagnosis of dysplasia depends primarily
on nuclear atypia, and a diagnosis of metaplasia depends
primarily on features of cytoplasm.
The decision for or against surgical intervention is
important in the clinical management of gallbladder
polyps, and pathologists agree that, after cholecystectomy,
routine pathological examination or extensive pathological
examination of whole sections of the resected gallbladder is
important. A consensus meeting of the Americas HepatoPancreato-Biliary Association (AHPBA) recommends
surgery for gallbladder polyps ≥1.0 cm because polyps of
this size are more frequently associated with cancer than
smaller ones. The AHPBA also recommends extensive
pathological examination of the remaining whole gallbladder
when high-grade dysplasia is pathologically found in the
polyp because carcinomatous changes frequently occur in

www.amegroups.com

Precision Medicine in Hepatobiliary Cancer

the background gallbladder in that situation (7). Adsay et al.
propose the term “intracholecystic papillary-tubular
neoplasms” (ICPTNs) for all pre-invasive adenomas and
papillary neoplasms of the gallbladder that are ≥1.0 cm,
regardless of the phenotype of tumor cells (8). By definition,
ICPTNs embrace all subtypes of adenomas and intracystic
papillary neoplasms in the WHO-2010 classiﬁcation (2).
Although intracholecystic papillary-tubular neoplasm was
originally abbreviated as “ICPN” (8), “ICPTN” was used in
the report on the AHPBA consensus meeting (7), probably
to clearly distinguish “ICPTNs” from “intracystic papillary
neoplasms”.
Adenomyomatosis (ADM) and xanthogranulomatous
cholecystitis (XGC) are controversial lesions. Although
ADM is not generally considered a premalignant lesion,
previous studies and case reports suggest the malignant
potential of ADM, and segmental-type ADM is known to
have an increased risk of carcinogenesis (9-12). It is difficult
to prove whether a cancer truly arose from rokitanskyaschoff sinus (RAS) or surface in situ cancer extended into
RAS. In addition, as the carcinogenesis of GBC correlates
with the presence of gallstones and/or inflammation, the
accompanying gallstones and/or inflammation tend to
be considered responsible for the carcinogenesis rather
than the presence of ADM itself. Although the malignant
potential of ADM remains unclear, the clinician should keep
in mind that a diagnosis of early GBC is very difficult in the
context of preceding ADM (13). Actually, in our previous
series of invasive GBCs, approximately 25% were grossly
associated with ADM and all of these cases were diagnosed
at the advanced (≥ T2) stage (14).
As XGC often coexists with GBC, the malignant
potential of XGC is disputed. One study suggests the
malignant potential of XGC for its upregulated oncogenes
(BCL-2, c-Myc) (15), while another study suggests the
inflammatory nature of XGC through the expression of
p53, proliferating cell nuclear antigen (PCNA) and betacatenin (16). It is of clinical importance that XGC often
mimics GBC and rarely involves adjacent organs (17).
Therefore, clinicians should include XGC among the
possible differential diagnoses of masses in the liver hilum.
In summary, a thorough understanding of precancerous
lesions of the gallbladder, adenoma, dysplasia, and ICPTNs
requires organ specificity. Although ADM and XGC remain
controversial, a knowledge of their clinicopathological
features would help clinicians to better manage gallbladder
lesions associated with ADM or XCG.
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The famous and most revered Chinese Philosopher, Lao
Tzu once said, ‘A journey of a thousand miles begins with a
single step’. The words of this wise man hold true for every
sphere of life, and certainly medicine is not excluded.
Long-term survival in gallbladder cancer remains
poor and there is much to be achieved in terms of
improving survival (1) in addition to surgery (2). However,
following the advice of Lao Tzu, the search for an overall
improvement in survival of gallbladder cancer requires
that we take small, but definite steps forward in our quest
to understand this disease in its totality before we consider
novel therapies. One such path to achieving this dream has
been the concerted efforts of oncologists to delve deeper
into the genetic changes that accompany the process of
carcinogenesis from normal epithelium (3). A couple of
years ago, while reviewing the published evidence on the
genetic landscape in the progression of gallbladder cancer,
we developed a carcinogenesis model for tumours evolving
by the dysplasia—carcinoma cascade (3). The reason
for choosing the dysplasia—carcinoma cascade was the
simple fact that it is the predominant pathway involved in
gallbladder carcinogenesis the world over (4).
We thank Dr. Kai for his interest in our work (5). We
agree with him that in order to achieve the eventual dream
of completely understanding gallbladder cancer so as to
develop treatments for it would require us to consider
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every pathway involved in its pathogenesis, including
the adenoma-carcinoma cascade (6) and possibly even
xanthogranulomatous cholecystitis as suggested by him (5).
Recently, Yoshida and colleagues (7) attempted to
investigate the expression of human epidermal growth
factor receptor 2 (HER-2) in an unselected population
of gallbladder cancer patients to clarify if anti HER-2
therapy can be justified in gallbladder cancer. Based on a
combination of immunohistochemistry and fluorescence
in situ hybridisation (FISH) the authors identified a 17%
HER-2 positive expression in their cohort.
Based on the available literature coming from studies
using only immunohistochemistry, we realised that there
was a lack of concurrence between studies from the Far East
and from India and the West in terms of HER-2 expression.
The study from the Far East (8) suggested an increased
expression in advanced cancer while those from India and
the West indicated the maximal expression of HER-2 in
the premalignant and carcinoma in situ stages. In fact, the
study by Kim and colleagues (8) further demonstrated a
correlation between HER-2 expression and survival (HER-2
positive tumours had a significantly poorer survival). The
study by Yoshida and colleagues (7) while supporting the
previous findings of increased HER-2 expression (though
not reaching statistical significance P<0.055) in advanced
cancers based on a thoroughly conducted analysis likely
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provide the ‘missing link’ between the aforementioned
divergent findings namely, tumour heterogeneity. They
found HER-2 positive cells in mucosal lesions rather
than invasive areas. This aspect certainly warrants further
investigation.
In the past we have been unsuccessful in our attempts to
extrapolate the role of estrogen and progesterone receptors
in gallbladder cancer from breast cancer (9). However, this
study serves as an important benchmark for future studies
looking to analyse the expression of HER-2 in gallbladder
cancer and certainly provides an impetus to further explore
the role of anti HER-2 therapy in gallbladder cancer.
We have often relied on extrapolating ideas from
one cancer to another owing to the success achieved in
the former thereby overlooking the sheer complexity of
carcinogenesis at its very core (10). In the present context,
it is likely the female predilection of gallbladder cancer
and breast cancer that has driven the exploration of the
expression and therapeutic role of HER-2. Although
expressed in barely 20% of women with breast cancer,
monoclonal antibodies targeting HER-2 have become the
standard of care in patients expressing this protein (11).
Considering the use of monoclonal antibodies targeting
HER-2 in gallbladder cancer represents a promising
therapeutic strategy.
In our proposed carcinogenesis model (3), there remained
one important lacuna that need to be clarified. This
deficiency in our understanding was termed ‘inflammatory
stimulus’ by us given that it appeared to drives the initial
cascade of an upregulation of inflammatory markers
characterised by an increase in protective mucins as well as a
strange divergence of inflammatory markers thereafter from
the stage of in situ to invasive cancer. While there previously
existed epidemiological evidence to support the association
of typhoidal Salmonella typhi and S. paratyphi with the risk of
gallbladder cancer (12-15), we have now uncovered the first
evidence to support the association of even non-typhoidal
Salmonella with gallbladder cancer (16). Owing to the ability
of Salmonella infection to stimulate a host response and non
typhoidal species (S. typhimurium, S choleraesuis) to elicit
an even stronger host immune response compared to the
typhoidal species, it is likely that these bacteria are able to
provide the continued ‘inflammatory stimulus’ necessary
for carcinogenesis. Salmonella isolates in the chronic carrier
state thus fits the role of the ‘inflammatory stimulus’ in
the genetic model for gallbladder carcinogenesis and its
dissemination cascade, which may trigger transformation
through chronic inflammation, but not for maintenance of
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tumourigenesis (3).
The importance of this finding (16) cannot be
understated. The current focus of treatment in typhoidendemic countries has traditionally been to eliminate
typhoidal Salmonella species often underestimating the
contribution of the non-typhoidal isolates that show an
inherent higher resistance to the standard antibiotics (17)
resulting in their ability to lead to chronic carrier state in
humans. The finding of non-typhoidal Salmonella species
in our study (16) brings to light the fact that in typhoid-,
as well as gallbladder cancer-endemic countries, efforts
must be directed not only at treating typhoid fever, but
also diagnosing and appropriately managing non-typhoidal
Salmonella species. Such an approach may help reduce the
chronic carrier state of these species in humans, and the
resultant chronic inflammatory stimulus driving gallbladder
carcinogenesis hypothesized by us. Thus, such a simple,
yet effective, strategy may help reduce in the incidence of
gallbladder cancer.
Thus, in conclusion, we concur with Dr. Kai that every
effort must be made to completely understand gallbladder
carcinogenesis taking into account every known precursor
lesion (18,19). Knowledge gained through such an exercise
will only help us develop better and more effective
treatment strategies for gallbladder cancer.
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Background
Gallbladder carcinoma (GBC) is the fifth most common
carcinoma of gastrointestinal tract, and represents 80–95%
of biliary tract cancers. It is relatively an uncommon
malignant disease with a poor prognosis. According
to previous reports (1), GBC has a low incidence rate
(<2/100,000). Reid et al. (2) found that the worldwide
incidence of GBC correlates with the prevalence of
gallstone disease. The high-incidence areas of GBC are
Poland (14/100,000), Northern India (21.5/100,000),
south Pakistan (11.3/100,000), Israel (5/100,000) and Japan
(7/100,000) (1). Besides, GBC is more common in females.
Stinton et al. (1) demonstrated that the incidence rate was
high in South American females, 15.5 per 100,000 in Bolivia
(vs. 7.5/100,000 in male), and 11.3 per 100,000 in New
Mexico (vs. 4/100,000 in male).
A satisfied outcome depends on the early diagnosis and
appropriative treatment. Up to date, the most effective
treatment for GBC patients is surgery. However, mainly
due to their occult symptoms, less than 10% of GBC
patients have the opportunities to receive surgery, and
nearly 50% of them already had lymph node metastasis at
first diagnosis. Because of the difficulties in early diagnosis,
the prognosis of GBC is so poor. The overall 5-year survival
rate of GBC patients is less than 5% (3). A thorough
understanding of the underlying mechanism is critical for
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exploring potential diagnostic biomarker and developing
effective therapeutic approach for GBC patients.
High-throughput genetic mutation profiling in
GBC
Grateful thanks to the decades of relevant studies, a
numerous molecular mechanisms involved in GBC were
unveiled. Recently, molecular testing in multiple solid
tumors has become standard practice. Newer molecular
tests are focusing on mutation detection as a diagnostic
biomarker of GBC. High-throughput genetic mutation
profiling provided the possibility to do the comprehensive
examination of the cancer genome. It has undoubted
advances in the characterization and quantification of
genomes, epigenomes and transcriptomes. High-throughput
genetic mutation profiling is being widely applied in
mutation detection. Today, several commercial platforms
are available, including SNaPshot multiplex system, next
generation sequencing (NGS) and massARRAY platform
technics. Among of them, NGS technology is widely
applied high-throughput genetic mutation detection
method since 2006. NGS technology is free from many of
the confines dictated by previous technologies, such as the
bias due to the probe selection in array technology, crosshybridization background, and signal saturation-induced
detection dynamic range limitation.
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Table 1 Characteristics of analyzed datasets
Author (year)

Country

Ethnicity

No. of patients

Sample type

Assay platform

Refs.

Borger et al. [2012]

USA

Caucasion

25

FFPE

SNaPshot multiplex system

(5)

Jiao et al. [2013]

USA

Caucasion

9

Fresh-frozen

Whole-exome sequencing

(6)

Javle et al. [2014]

USA

Caucasion

72

FFPE

Targeted sequencing

(4)

Kumari et al. [2014]

India

Asian

49

FFPE

MassARRAY platform

(7)

Italy

Caucasion

26

FFPE

Targeted sequencing

(8)

China

Asian

51

Fresh-frozen

Whole-exome sequencing

(9)

Simbolo et al. [2014]
Li et al. [2014]

Li et al. [2014]

Simbolo et al. [2014]

Kumari et al. [2014]

Javle et al. [2014]

Jiao et al. [2013]

6 studies
included in
meta-analysis

Borger et al. [2012]

FFPE, formalin-fixed paraffin-embedded.

Mutated genes which were detected in
gallbladder chancer tissues (total n=32)

TP53
KRAS
PIK3CA
CTNNB1
CDKN2A
ARID1A
PBRM1
TGFBR2
PTEN
KDR
KIT
MET
AKT1
APC
BAP1
STK11
AURKA
PRKAR1A
SMARCA4
EGFR
ERBB2
RB1
SMAD4
SMARCB1

Figure 1 Meta-signature of mutated genes in gallbladder
carcinoma (GBC).

Table 2 Meta-signature mutations in gallbladder cancer
Genes

Studies

P value

Corrected P value

TP53

5

1.44×10–6

1.00×10–3

KRAS

5

3.37×10–6

2.34×10–2

PIK3CA

4

1.10×10–4

7.65×10–2
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Recently, Javle et al. (4) performed mass spectroscopybased and next-generation sequencing profiling in GBC
samples. By hotspot mutations analysis, they found 14
hotspot mutations from 11 different genes, included IDH1,
KRAS, NRAS, PIK3CA and MET. Among of them,
mutations in IDH1 are the most recurrent (36.4%). They
also detected 26 mutations by targeted NGS, and identified
TP53 as the most common mutated gene. They further
conducted a multivariate analysis and found mutated IDH
and KRAS were associated with poorer overall survival.
Their results provided evidence that high-throughput
mutation profiling may be a useful platform for identifying
novel mutations for targeted therapy of GBC.
Meta-signature of mutated genes in GBC
Nowadays, increasing groups are focusing on mutated genes
in GBC. However, due to small sample size and different
technological platforms between above studies, the mutated
gene profiling effort in GBC led to inconsistent results. To
overcome the limitations, we conducted a meta-signature of
mutated genes in GBC based on six studies (4-9) including
232 subjects receiving high-throughput genetic mutation
profiling (Table 1). Totally 43 mutated genes were detected
in 232 GBC patients. Among of them, six genes (TP53,
KRAS, PIK3CA, CDKN2A, BAP1 and APC) were reported
in more than three studies (Figure 1). Our meta-analysis
further revealed that three mutated genes (TP53, KRAS,
PIK3CA) were significantly associated with GBC (Table 2).
In the following aspect, we will discuss the three recurrent
mutated genes.
TP53 contains 34,453 mutations, including 1,311 hotspot mutations (10). Increasing evidence suggest that
mutated TP53 plays important role in multiple tumors.
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Cardesa et al. (11) represented that TP53 gene mutations
were observed in up to 50% of head and neck squamous-cell
carcinomas and approximately 65% of them have aberrant
expression of TP53. Szymańska et al. (12) also reported
that TP53 was the most frequently mutated gene in human
cancer, such as hepatocellular carcinoma and oesophagus
carcinoma. Asai et al. (13), exploredTP53 mutations in
GBC patients, and found nearly half of GBC patients have
TP53 mutations. In our meta-analysis, we also found that
TP53 was the most recurrent mutated gene in GBC (crude
P value =1.44×10–6, corrected P value =1.00×10–3, Table 2).
There are more than 3,000 in KRAS, and 90% of them
are located in exon 2 and 10% in exons 3 and 4 (www.
sanger.ac.uk/genetics/CGP/cosmic/). KRAS has been
considered as one of the most frequently mutated genes
in multiple tumors. Therkildsen et al. (14) meta-analyzed
22 studies with 2,395 patients with different tumors, and
found that KRAS mutations might be implemented for
prediction of clinical benefit from anti-EGFR antibodies
in metastatic colorectal cancer. Eirini et al. (15) explored
KRAS mutations in non-small-cell lung cancer patients,
and represented that KRAS exon 2 mutation was observed
in 18.89% (106/561) patients. Reid et al. (2) reported that
KRAS mutations were associated with GBC in patients with
anomalous junction of the pancreaticobiliary duct (AJPBD),
suggesting that KRAS mutation might serve as a useful tool
in screening early GBC in patients with AJPBD. Our data
also revealed that mutated KRAS was associated with GBC
(crude P value =3.37×10–6, corrected P value =2.34×10–2,
Table 2), consistent with previous studies.
PIK3CA is located on 3q26.3, whose mutations were also
associated with multiple malignancies. Dey et al. (16) found
that PIK3CA mutations were detected in 35% patients with
breast cancer, which were associated with deregulation of
PI3K pathway and contributed to carcinogenesis of breast
cancer. Yip et al. (17) also reported the relationship between
mutated PIK3CA and nasopharyngeal carcinoma (NPC).
They performed qRT-PCR and immunohistochemical
staining in 74 patients with NPC, and demonstrated that
aberrant expression of PIK3CA was detected in 68.9%
(51/74) patients with NPC. In GBC, Deshpande et al. (18)
found PIK3CA mutations in 12.5% patients and suggested
PIK3CA mutations as diagnostic biomarkers and therapy
targets. In the present study, we also found that mutated
PIK3CA was associated with GBC, although the corrected
P-value was not significant mainly due to small number
of studies (crude P value =1.10×10 –4, corrected P value
=7.65×10–2, Table 2).
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Summary and prospect
Overall, our meta-analysis data strongly suggested that
mutated TP53, KRAS, PIK3CA were associated with
GBC, and it may be a potential diagnostic and prognostic
biomarker for GBC patients. However, nowadays, the
limited number of studies cannot supply sufficient evidence
for further analysis. Therefore, large, multi-center and wellperformed studies are warranted to confirm above findings.
In future, GBC patients harboring mutations of TP53,
KRAS, PIK3CA may benefit from target therapies available
or in development.
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Abstract: Gallbladder carcinoma is a fatal malignancy of hepatobiliary tract that is generally diagnosed
at advanced stages of cancer because of its asymptomatic nature. Advanced GBC tumors are unresectable
with poor prognosis. Improvement in GBC patient care requires better understanding of the biological
signaling pathways and application of newly discovered drugs for cancer therapy. Herein, we discuss the
possibilities and challenges in targeting the hedgehog pathway in gallbladder cancer therapy based on recent
developments in the area.
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Gallbladder carcinoma (GBC) is a highly aggressive
malignancy of the hepatobiliary tract, the fifth most common
gastrointestinal tumor. However, most patients with GBC
are presented at the advanced stage carcinoma because of
its asymptomatic nature (1). The aggressive tumor spreads
in anatomically neighbouring areas, making it unresectable
and “incurable”. In advanced GBC cases, the standard care
involves combination chemotherapy with gemcitabine
and cisplatin, it does not have a significant impact on the
median overall survival which is less than 6 months after
diagnosis. Long-term survival in small proportion of cases
is primarily seen in those detected incidentally during
routine cholecystectomy for gallstones (GS) (2). Poor
understanding of the molecular pathogenesis, aberrant
signaling pathways and effect of targeted therapeutic
agents on this tumor type has hampered our ability to devise
effective strategies to deal with this disease.
Advances in our understanding of activation/deregulation
of different signaling pathways in various cancers have
resulted in the identification of new drug targets. These
aberrant signaling pathways include hedgehog, wnt, notch,
TGF-beta pathway etc. The Hedgehog (Hh) gene was first
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discovered by Christiane Nusslein-Volhard and Eric F.
Weischaus in 1980 and the term hedgehog was coined
because the mutations in Hh gene caused hedgehog like
spikes on the cuticle of Drosophila larvae (3). Subsequently,
the Hedgehog pathway has been recognised as one of the
major regulators of cell growth and differentiation during
embryogenesis and early development of vertebrates.
Generally, it is inactivated in adults but reactivation via
inappropriate mutation or deregulation of this pathway
may play a crucial role in tumor development. In addition,
Hedgehog pathway is being investigated as a potential
therapeutic target for various cancers (4). Many inhibitors
of hedgehog pathway have been discovered especially
Erivedge (vismodegib) and Odomzo (sonidegib) are the
centre of attraction since they have been approved by the
U.S. FDA to be used in treatment of basal cell carcinoma.
In vertebrates, the hedgehog pathway consists of Patched
receptor (PTCH) that is a membrane protein receptor and
Smoothened (SMO) which is a member of 7-transmembrane
G protein-coupled receptors family of proteins. In
mammals, three families of hedgehog genes exist, namely
Indian (Ihh), Desert (Dhh) and Sonic (Shh) hedgehog. Shh
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is the best-studied ligand of the hedgehog pathway (3).
Downstream signaling of SMO in mammals is known as
Glioma-associated oncogenes-GLI 1, GLI 2 and GLI 3.
GLI 1 is a transcriptional activator (5). Matsushita et al. (6)
for the first time assessed the status of hedgehog pathway
in gallbladder cancer. First, the researchers evaluated the
expression of pathway components of sonic hedgehog in
GBC tissues and normal gallbladder. They observed the
presence of Gli1 in the nucleus of GBC cells and its absence
in normal gallbladder cells. At the same time, enhanced
levels of Smoothened (Smo) and Sonic Hh (Shh) were
detected in GBC as compared to normal tissue. The GLI
has been reported to play a crucial role in development
and progression of many cancers. To understand the role
of Smo and Shh in GBC oncogenesis, the researchers
carried out in vitro studies using two GBC cell lines (GBd15
and TGBC2TKB). They turned the “switch off and On”
of hedgehog pathway by inhibiting Smo and activating
Shh signaling. The inhibition of the effector Smo by
Cyclopamine decreased the proliferation and invasiveness
of cultured GBC cell lines on the contrary, addition of
exogenous recombinant Shh augmented their oncogenic
phenotypes. Further, researchers observed that the decrease
in GBC cell invasiveness by inhibition of Smo may be as a
result of inhibited the epithelial—mesenchymal transition
and down expression of MMP-2 and MMP-9. Finally, to
check the effect of Smo inhibition on tumor growth, a
xenograft model of GBC was used where Smo inhibition by
siRNA resulted in the significantly lower size of the tumors
than in controls.
To explain the role of hedgehog pathway in carcinogenesis,
three mechanisms have been put forward in various types
of cancers (5). First, in type 1, the ligand-independent
signaling is driven by mutations mainly in PTCH1,
PTCH2, SMO and SUFU in the hedgehog pathway
component as observed in basal cell carcinoma (BCC) and
medulloblastoma. However, based on recent studies using
next generation sequencing, this mechanism is unlikely to
play a role in GBC oncogenesis (7,8). Whole exome and
transcriptome sequencing studies have reported a central
role of ERBB pathway in GBC on the basis of somatic
mutation profile. Such studies have been carried out with
limited number of samples. Therefore, more research is
needed with the larger number of cases to comprehensive
characterize the somatic mutational landscape and check
hedgehog pathway specific mutations in subsets of GBC
patients.
Unlike BCC or meduloblastoma, most tumors such as
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lung, stomach, esophagus, pancreas, prostate, breast, liver
and brain also do not harbour recurrent driver somatic
mutations in the Hh signaling pathway (9). Rather, these
cancers demonstrate activation of ligand-dependent
signaling in an autocrine/juxtacrine (type 2) or paracrine
(type 3) manner. In the type 2 activation, most of tumors
express all the members of hedgehog signaling pathway
and require direct hedgehog ligands and may be inhibited
by PTCH 1 antagonistic drugs. To target the type III
signaling pathway, there will be requirement of the drugs
that control the stromal hedgehog signals though they may
not have a complete beneficial therapeutic response as the
tumors have variable needs depending on the activation
of stromal components induced by hedgehog pathway.
Hence, combination therapy is required in these types of
cancers.
The findings by Matsushita et al. suggest activation
of hedgehog pathway in gallbladder cancer and raise the
possibility of targeting its components to improve the
prognosis in GBC (5). But there are many questions which
should be resolved before considering potential drugs/
inhibitors and designing therapeutic interventions. First,
the findings related to hedgehog pathway in GBC based
on classical immunohistochemistry should be validated
using alternative modern and robust high-throughput
proteomic and genomic approaches. Second, effort
should be made to solve the questions which still remain
unanswered like whether Hh ligand expression occurs in
all the tumor cells or in a small number of tumor stem
cells and whether the hedgehog signaling is autocrine
or juxtacrine (type 2) or paracrine (type 3) in GBC?
Also, targeting a single pathway in cancer may improve
prognosis in most of the molecularly recruited patients
but after some time the cancer fights back with the help of
resistant subclones present in the tumor mass (10). Hence,
in addition to hedgehog pathway, it will be important to
explore other potential targetable pathways such as wnt,
erbb and notch etc. to deal with biological complexities of
gallbladder cancer.
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Gallbladder cancer is a rare disease with only about 20% of
cases diagnosed in early stages. According to the American
College of Surgeons/American Cancer Society National
Cancer Database in the AJCC Cancer Staging Manual
[2010], 5-year survival rate is only 28% for patients with
stage II gallbladder cancer and single digit in stage III/
IV gallbladder cancers (http://www.cancer.org/cancer/
gallbladdercancer/detailedguide/gallbladder-survival-rates).
It is managed by radiation therapy and chemotherapy
for patients with unresectable disease in late stages and
no targeted therapy are available. Thus, novel treatment
approaches are needed in gallbladder cancer.
The importance of sonic hedgehog (sHh) signaling has
been widely recognized among oncologists since the 2012
approval by the US Food and Drug Administration (FDA)
of vismodegib (GDC0449; Roche), a small molecule antismoothened (SMO), for the treatment of advanced basal
cell carcinoma (BCC) (1). Besides, vismodegib has been
shown activity in a subset of medulloblastoma (2). In 2015,
another SMO antagonist sonidegib (LDE225; Novartis) was
approved for use in the treatment of locally advanced BCC
that has recurred following surgery or radiation therapy,
or those who are not candidates for surgery or radiation
therapy. The success was largely based on the genetic
alterations of Patched (PTCH) 1 gene, a tumor suppressor,
in sporadic BCCs. Notably, sporadic BCCs were shown
to carry a greater mutational burden including PTCH1
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mutations in 75% of tumors, which are nonsynonymous
alterations with the predominance of nonsense and
splice site mutations, as well as frameshift deletions and
missense mutations. These mutations caused a complete/
partial loss of function of one copy of the PTCH1 gene (3).
Consequently, the suppression of PTCH1 on SMO is lost,
leading to the constitutive activation of the Hh signaling via
unleashing and accumulation of SMO and activation of its
downstream transcription factor Gli1.
In addition to the mutation-driven ligand-independent
Hh pathway activation, the ligand-dependent signaling by
both autocrine and paracrine mechanisms are important
to the sHh signaling-mediated tumor growth (4,5). The
autocrine signaling refers to the mode that Hh ligand
produced by tumor cells stimulates the Hh signaling in
tumor cells; and the paracrine signaling is regarded as the
one that tumor cell produced-Hh ligand activates stromal
and endothelial cells, which produce growth factors in
microenvironment to support tumor growth and survival.
Mainly based on the paracrine mechanism of action,
clinical trials were conducted in a randomized fashion—
standard of care (SOC) as a control arm versus experimental
treatment with SOC plus vismodegib in advanced colorectal
carcinoma (6,7). The US National Cancer Institute (NCI)
sponsored two other randomized trials based on the
autocrine mechanism of action in pancreatic and gastric
cancer (8,9). However, none of these trials met the clinical
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endpoints. There may be multiple reasons for the negative
results, with the most reasonable explanation of the lack
of predictive biomarkers. Wadhwa et al. have looked at the
predictive biomarkers to trimodality therapy in esophageal
cancer. Pretreatment nuclear Gli1 labeling index (Gli-1 Lis)
was significantly associated with pathological stage
progression (10). They hypothesized that Gli-1 Lis can be
explored as a predictive biomarker for targeting the Hh
pathway and other treatment approaches.
In gallbladder cancer, Hh pathway activation was
confirmed by Matsushita et al. examining 37 gallbladder
cancer specimens, in which SMO, sHh, or Gli1 expression
was detected in the cytoplasm/nucleus of the cancer
cells by immunohistochemistry (11). Their results were
consistent with the findings by Li and colleagues (12),
which first reported the Hh signaling activation in
gallbladder cancer. Matsushita et al. further studied the
effect of pharmacological inhibition of Hh pathway using
cyclopamine and small interfering RNA (siRNA) on the
Hh signaling to inhibit tumor invasion and epitheliamesenchymal transition (EMT) (13). Unfortunately, the
results using this pharmacological approach were not
compelling possibly due to cyclopamine being less potent
than vismodegib or sonidegib and having off-target effects.
Additionally, Xie et al. have reported that the Hh pathway
activation was important in the initiation of gallbladder
cancer (14), and strong Gli1 expression was associated with
poor survival in patients.
The clinical role of Hh pathway inhibitors in biliary
tract cancers has not been evaluated. The experience
from gastrointestinal malignancies, including pancreatic,
colorectal and gastric cancers would argue that without
using a predictive biomarker for patient selection, targeting
Hh pathway is less likely to be successful in gallbladder
cancer. Nevertheless, it warrants preclinical testing using
SMO inhibitors other than cyclopamine in gallbladder
cancer models in vitro and in vivo. It would be interesting
to conduct a proof of principle clinical trial using Gli-1 as
a biomarker for patient selection. Li et al. recently reported
the genomic landscape of gallbladder cancer, and revealed
that the ErbB family signaling is altered frequently (36.8%)
and no PTCH alterations were detected from 57 tumor
samples (15). The data may suggest that genetic profile
of gallbladder cancer is different from gastric cancer
which harbors 16% of PTCH1 and 12% SMO genetic
alterations (16). Therefore, consideration should be given
from multiple angles that tackle more than two activating
pathways in gallbladder cancer.

© AME Publishing Company. All rights reserved.

Takebe and Yang. Hedgehog signaling and gallbladder cancer

In summary, the findings by Matsushita and colleagues
demonstrated the role of Hh signaling pathway on the
invasion and proliferation of gallbladder cancer cells in
addition to expression of Gli1 and other key molecules
of the pathway in human gallbladder cancer specimens.
The preclinical findings seem to justify the Hh pathway
as a potential therapeutic target in gallbladder cancer.
However, in our view, it may increase the odds of success
for clinical targeting the Hh signaling pathway in patient
population with Gli1-expressing tumors as a precision
medicine approach. It warrants further development and
establishment of Gli-1 immunohistochemistry suitable to
clinical use.
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Research into Hedgehog (Hh) signaling in gallbladder
cancer is in its infancy, and clinical trials are now only
being conducted. Importantly, Hh signaling inhibitors
work very well in vitro and in vivo mice models; however, as
described by Takebe et al. (1), clinical trials of vismodegib,
a Smoothened (SMO) inhibitor, has never met the clinical
endpoint (2), and thus we must consider this discrepancy.
To account for this anomaly, we must study the tumor
microenvironment; in particular, hypoxia. The in vivo
environment, especially at local tumor sites, exists under
hypoxic conditions (3,4). The oxygen tension in local tumor
sites is <1.3% O2 compared with 5.3% in mixed venous
blood and 3.3–7.9% in well-vascularized organs (4,5).
Therefore, different modes of signaling transduction may
occur under hypoxic conditions.
Hh signaling is activated under hypoxic conditions
through upregulation of SMO transcription (6). As shown
in our previous study (7), inhibition of transcription using
siRNA was significantly more effective than suppression
of SMO by cyclopamine treatment in gallbladder cancer,
demonstrating the importance of its regulation at the
transcription level. Many Hh inhibitors are protein or
antibody inhibitors, and they may not regulate Hh signaling
at the transcriptional level. Under hypoxic conditions, SMO
may be constitutively supplied, overwhelming the activity of
Hh inhibitors. We believe that analysis of the mechanism of
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SMO transcription upregulation under hypoxia is seriously
required. Recently, it has been shown that transcriptional
regulator, recombination signal binding protein for
immunoglobulin-kappa-J region (RBPJ), and transcriptional
co-activator, mastermind-like 3 (MAML3), contribute to
hypoxia-induced upregulation of SMO (8). Such a study
may improve the efficacy of Hh inhibitors in clinical use.
As described in Mittal et al. (9), whether Hh signaling acts
in an autocrine or in a paracrine manner is also an important
issue. In addition, we must consider cross-talk signaling.
GLI1 is located downstream of Hh signaling as a target gene
and transcriptional factor, and therefore, it is a milestone
of Hh signaling activation. It has been reported that GLI1
is also activated through other signaling cascades such as
the EWS/FLI1 (10), PKC-delta (11), PI3k-AKT (12),
and RAS-MEK1 pathways (13), but not through canonical
Hh signaling. This infers that SMO inhibition alone is not
sufficient to suppress Hh signaling.
GLI2 and GLI3 are also members of the GLI transcription
factor family (9). Both occur as inhibitory truncated
forms and activated full-length forms. It is difficult for
us to discriminate between the two clinically. Previously,
we have shown that GLI3 but not GLI1 has a pivotal
role in inducing the tumorigenicity of colon cancer (14).
Therefore, studies examining the roles of GLI2 and GLI3
in cancer should be conducted in the future.
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Gallbladder cancer (GBC) is an uncommon cancer.
Prevalence varies across different geographical locations
with Chile having the highest incidence at 9.7 per 100,000
age-standardised rate followed by Bolivia and the Republic
of Korea (South Korea) (1). Most patients present in
advanced stages of the disease which is associated with a
poor prognosis. Even with palliative chemotherapy, the
median overall survival in advanced disease is less than
12 months (2,3). As such, the search for new therapeutic
targets with the hope of improving survival in patients with
this disease is much needed.
The molecular biology behind the role of HER family
of tyrosine kinases playing an important role in the
pathogenesis of cancer is well established. Among the four
HER family proteins, HER2 has the strongest catalytic
kinase activity and is the preferred partner for dimerization
with other HER family proteins (4). Even though
the pathogenesis of GBC is not well-understood, the
pathogenic ability of HER2 overexpression has been clearly
demonstrated in animal models in which overexpression of
HER2 in the basal layer of biliary tract epithelium led to
the development of gallbladder adenocarcinoma in 100% of
transgenic mice by 3 months of age (5).
In 2014, Roa et al. (6) published a study conducted with
the aim to determine the frequency of HER2 overexpression
in GBC and to identify a subgroup of patients who would
benefit from targeted therapy. Specimens of 187 patients
with GBC and 75 normal controls were tested for HER2
overexpression using immunohistochemical technique.
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HER2 positivity was defined according to the CAP/ASCO
(College of American Pathologists/American Society of
Clinical Oncology) criteria for breast cancer. The study
reported prevalence of HER2 overexpression in 12.8% of
the GBC cases and there was a trend towards a worse 5-year
overall survival in patients with HER2 overexpression
although this was not statistically significant. More recently,
Yan et al. (7) examined more than 37,000 tumour specimen
across different histology for HER2 overexpression and
found it to be present in 9.8% of 194 GBC specimens in
the study. GBC was in fact the fourth highest in terms of
frequencies of HER2 overexpression after bladder cancer,
oesophageal and gastroesophageal junction cancers and
breast cancer. Where do the findings of studies such as
Roa et al.’s take us in our understanding of the relevance of
HER2 in GBC and our pursuit of novel therapeutic targets
for this disease?
Logically, in looking for a new therapeutic target for any
disease, it would first involve determining the presence as
well as prevalence of the molecular target in that specific
disease. In this light, studies such as the one conducted
by Roa et al. (6) support the relevance of studying HER2
as a target in GBC by informing us that a significant
proportion of GBC demonstrates HER2 overexpression.
Compared to earlier studies (8-16) on the prevalence of
HER2 overexpression in GBC, the strength of Roa et al.’s
study lies in its large sample size. However, examining his
results together with these earlier studies, it is notable that
the reported prevalence of HER2 overexpression ranged
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widely across different studies. This wide variability may be
explained by the use of different criteria to define HER2
overexpression in each study and highlights the challenges
we face in determining HER2 positivity in GBC.
Currently, there is no guideline on a standardised
algorithm for testing and defining HER2 positivity
for GBC. HER2 overexpression may be tested for by
immunohistochemical techniques or FISH for gene
amplification. It is uncertain if it is valid to apply the same
criteria used in defining HER2 positivity in breast or
gastric cancer for GBC too. As we learnt from experience
in studying HER2 in breast and gastric cancer, a clinically
relevant definition of HER2 positivity may differ in
different diseases at least in part due to intrinsic biological
differences. It is hence plausible that GBC being a distinct
disease entity also has its unique HER2 positivity definition
still unbeknownst to us at the moment.
Following the study by Roa et al., further insights
into the relevance of HER2 in GBC have been gained
using a combination of exome sequencing and ultra-deep
sequencing of cancer-related genes on 57 GBC samples.
Li et al. (17) reported that the ErbB signalling pathway is
the most extensively mutated pathway occurring in 36.8%
of the samples examined. A total of 37 non-silent somatic
mutations of 15 genes in the ErbB pathway (ERBB3,
ERBB2, ERBB4, EGFR, KRAS, NRAS, HRAS, PIK3CA,
BRAF, MAP2K4, MAPK10, SRC, MYC, NRG1 and SOS2)
were detected. To determine the oncogenic effects of
ERBB3 and ERBB2, Li et al. overexpressed the mutants
of ERBB3 and ERBB2 in GBC cell lines (GBC-SD,
NOZ and OCUG-1) and found that overexpression of
each ERBB3 or ERBB2 mutant resulted in a significant
increase in proliferation in at least one cell line compared
with mock transfection or expression of wild-type ERBB3
or ERBB2. To further confirm these findings, ERBB3 and
ERBB2 expression were tested in a non-malignant, ERBB2
and ERBB3 non-expressing cell line (HEK293T). It was
noted that expression of ERBB3 alone had no effect on
cell proliferation and expression of wild-type or mutant
ERBB2 resulted in only a slight increase in proliferation of
HEK293T cells, whereas co-expression of either ERBB3
mutants with wild-type ERBB2 or ERBB2 mutants with
wild-type ERBB3 significantly enhanced proliferative
effect. On the other hand, by using RNA interference to
mediate loss of function, the study also found that silencing
of EGFR, ERBB2 and ERBB3 inhibited growth of four
lines of GBC cells. These data demonstrate the oncogenic
potential and role of ErbB alterations in GBC pathogenesis
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and support the rationale for further exploration of HER2
as a therapeutic target in this disease.
HER2 is an attractive target also because we now have
several drugs which could inhibit HER2 for anti-cancer effect
with successes seen in the treatment of breast and gastric
cancer. An anti-HER2 agent, lapatinib, when combined
with gemcitabine, had a synergistic anti-proliferative effect
on a GBC cell line (TGBC1-TKB) in vitro (18). Kiguchi
et al. (19), by studying a transgenic mouse model of GBC,
gave us in vivo data of the chemopreventive and therapeutic
efficacy of agents targeting the EGFR and HER2 pathway
in this disease. Javle et al. (20) did a retrospective analysis
of nine GBC patients treated with HER2 directed agents
either as monotherapy or in combination with chemotherapy.
Eight of these patients had either HER2 gene amplification
or overexpression, of which three had stable disease, four
achieved partial responses and one complete response. One
patient with HER2 mutation experienced mixed response
after lapatinib treatment. Thus, there appears to be some
activity with HER2 inhibition even as a single agent in the
treatment of GBC.
However, despite these results, there has been
disappointingly little progress made clinically in targeting
HER2 for the treatment of GBC. There is no clinical trial
conducted to evaluate the efficacy of anti-HER2 therapy
specifically in GBC. Rather, GBC is often recruited
under the umbrella of biliary tract cancer in clinical
trials. Ramanathan et al. (21) conducted a phase II study
of oral lapatinib dosed at 1,500 mg per day continuously
in patients with advanced biliary tree and hepatocellular
cancer previously treated with no more than one line of
chemotherapy. Among the 17 patients with biliary tract
cancer, including 5 GBC patients, response rate was 0%,
progression free survival 1.8 months and median survival
5.2 months. Another trial attempted to evaluate the activity
of trastuzumab as a single agent in HER2 positive advanced
GBC and cholangiocarcinoma. This trial was closed
prematurely after screening 53 patients with only four being
enrolled onto study and three of these patients developed
progressive disease while on treatment (https://clinicaltrials.
gov/show/NCT00478140).
In face of limited and negative early clinical trial results
thus far, one may wonder if HER2 is indeed a therapeutic
target worth pursuing for GBC, but importantly we also
need to explore and understand the possible reasons behind
these failures. Firstly, the low prevalence rate of GBC in
general makes it difficult to accrue patients onto clinical
trial of adequately powered sample size. Furthermore,
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when the target population with HER2 overexpression may
consist of only about 12% of all GBC (6), accrual onto trial
for targeted therapy becomes even more challenging. The
strategy used to overcome this by recruiting and studying
patients under the umbrella of biliary tract cancers is not
ideal given the different disease biology between GBC and
cholangiocarcinoma. Secondly, as mentioned earlier and
similar to observations made in breast and gastric cancer
trials, defining what is a clinically significant HER2 positive
cut-off is crucial and may make a difference in anti-HER2
therapeutic outcomes but this cut-off in the setting of GBC
is still unclear. Thirdly, single agent anti-HER2 therapy
may have limited activity in GBC and further studies should
examine its combination either with chemotherapy or other
targeted agents.
In conclusion, the treatment of GBC is an area of unmet
need and this tumour is often regarded as an orphan cancer.
While there is rationale to further explore the use of antiHER2 therapy in GBC, this will be difficult to do without
collaborative efforts. The key challenges to making progress
with HER2 therapy in GBC lie in designing better trials
that require smaller numbers, selecting the right group of
GBC patients and conducting these trials at multiple sites in
countries with a higher prevalence of GBC.
Besides HER2, there have been a variety of other
therapeutic targets which are currently also being intensively
studied and investigated in a series of clinical trials (22).
Genome wide analysis and scientific research to further our
understanding of GBC pathogenesis together with a strong
collaboration between scientists and clinicians from different
centres to collectively evaluate drugs in clinical trials for this
uncommon disease will likely help us to systematically establish
more novel therapeutic targets for this disease in the future.
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The Hedgehog (Hh) signaling pathway is essential for
regulation of cell differentiation and organ formation in
a concentration-dependent manner during embryonic
development. Also, this pathway is important to the
maintenance of adult stem cells. Studies have shown that
three members of this family are present in mammals: Sonic
hedgehog (SHH), Desert hedgehog (DHH) and Indian
hedgehog (IHH), all of which encode secreted proteins (1).
In the absence of a ligand, the Hh signaling pathway
is inactive in those Hh responsive cells. In this case, the
transmembrane protein receptor Patched (PTCH1) inhibits
the activity of Smoothened (SMO), a transmembrane
protein. The transcription factor GLI1, a downstream
component of Hh signaling, is prevented from entering the
nucleus through interactions with cytoplasmic proteins,
including Fused (FU) and Suppressor of fused (SUFU),
resulting in a repression of the transcriptional activation
of Hh target genes. Activation of the pathway is initiated
through binding of any of the three mammalian ligands
(SHH, DHH or IHH) to PTCH. Ligand binding results in
de-repression of Smo, thereby activating a cascade that leads
to the translocation of the active form of the transcription
factor GLI into the nucleus. Nuclear GLI activates target
gene expression, including PTCH1 and GLI1 itself, as
well as HHIP, an Hh binding protein that attenuates
ligand diffusion (2). Other target genes important for the
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oncogenic function of the Hh pathway are genes involved
in controlling cell proliferation [CCND1, CCNE1, MYC
and components of the epidermal growth factor (EGF)
pathway], in angiogenesis [components of the plateletderived growth factor (PDGF) and vascular epithelial
growth factor (VEGF) pathways] and in cell migration and
invasion (activation of SHH signaling pathway is directly
involved in lymphangiogenesis, activation of EMT through
MMP-9) (3). This regulation of migration and invasion
has been found in pancreatic cancer, lung cancer, gastric
cancer and hepatocarcinoma (4). This feature has been
strengthened with in vitro and in vivo experiments using
GLI inhibitors and/or SHH transfection in various cell lines
to study adhesion, migration, and invasion of tumor cells.
Oral squamous cell carcinoma (OSCC) is the most
prevalent epithelial tumor of the head and neck region,
and is characterized by a high occurrence of locally
invasive growth and cervical lymph node metastasis,
important factors for oral cancer patient prognosis. Fan
et al. studied the SHH and GLI1 expression in OSCC
by immunohistochemistry (IHC) and correlated this
expression with clinical parameters, with EMT markers
such as MMP-9 and E-cadherin, and prognosis (4). This
article constitutes the first evidence that describes the role
of Hh signaling pathway in migration and invasion for
OSCC.
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Both SHH and GLI1 were found with a significantly
higher expression in OSCC than in non-cancerous
oral mucosa. There was a significant positive correlation
between SHH and GLI1 overexpression in OSCC with
lymph node metastasis, among other associations. MMP-9
and E-cadherin are EMT-related marker proteins. The
MMP-9 overexpression and E-cadherin downregulation
have previously been associated with an increase in tumor
invasion and metastasis. A similar expression pattern of
E-cadherin and MMP-9 expression was consistently found
in OSCC tissues, with a high correlation with lymph node
metastasis (P<0.05 for both), among other clinical features.
Survival analyses also made sense because patients with high
GLI1 and MMP-9 protein expression had lower 5-year
survival rates than those with low levels of these proteins
(P<0.05). Those with low levels of E-cadherin protein
expression had a lower 5-year survival rate than those with
high levels (P<0.05). Spearman’s correlation test revealed
that E-cadherin expression had a significant negative
correlation with SHH and GLI1 protein expression, and
that, conversely, GLI1 expression was positively correlated
with MMP-9 protein expression, suggesting that abnormal
activation of Hh pathway (via SHH and GLI1) has a
putative role in MMP-9 and E-cadherin in order to induce
EMT in OSCC. This effect can be caused by GLI1, which
can increase expression of the transcription factor SIPI,
promoting expression of two EMT-related transcription
factors, TWIST2 and SNAI2 (5).
Recent reports have stated that SHH signaling mediates
invasion and metastasis through its interaction with the
ERK and PI3K/AKT pathways. Hyperactivity of the
EGFR/(MAPK) ERK and PI3K/AKT/mTOR pathways are
reported abnormalities of advanced oral and oropharyngeal
SCC (6), but the relationship of these pathways specifically
with the angiogenesis process is not fully understood,
suggesting that this is a very interesting approach to be
studied in OSCC in order to clarify the activation status of all
proteins related to ERK and PI3K/AKT pathways and to assess
whether the downstream effector of these pathways such as
mTOR, P70S6K1, 4E-BP1 or hypoxia-inducible factor (HIF)
are then triggering these angiogenesis processes. Data from
the Fan group’s indicate that MMP-9 expression may be
induced by the PI3K/AKT pathway to cause angiogenesis
in OSCC; thus, subsequently, this SHH signaling activation
pathway may also contribute to angiogenesis in OSCC.
The increase in GLI1 expression was accompanied in
many cases by an elevation of SHH; however, whether
this enhanced expression of GLI1 was entirely caused by
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abnormal activation of SHH signaling is unclear because
some studies have suggested that GLI1 protein changes
were not immediate outcomes of SHH signal transduction,
but rather were subsequent events mediated by GLI1driven transcription (4,7). Therefore, in order to elucidate
this issue, other molecules or upstream modulators such as
PTCH1, SMO, DHH or IHH could be the focus of future
analyses.
As GLI1 seems to be a key effector in Hh signaling, this
molecule or a member of its family, constitute promising
prognostic markers and potential therapeutic targets in
OSCC. In 2011, Yan et al. offered an interesting model for
studying GLI signaling inhibitors. They found that GLI2
expression, another transcriptional activator of Hh/GLI
signaling, was present in 44% of samples (60) and was
significantly associated with poor clinical outcomes. Only
44% of the patients whose tumors expressed GLI2 survived
at 5 years after surgery compared to 77% of those whose
tumors lacked the GLI2 expression (P<0.0001). They
also established a model based on two Hh/Gli inhibitors,
cyclopamine and GANT61, which could effectively inhibit
GLI expression, decrease cell growth, promote G1 arrest,
increase apoptosis, and inhibit migration of OSCC cell
lines, demonstrating not only that activation of this pathway
is important in OSCC progression, but also that a subset of
OSCC patients may benefit from anti-Hh/GLI therapies (7).
These drugs could be studied to determine their effects on
the expression of proteins in the Hh pathway or another
pathway, or to determine their results in other cell features
in either in vitro or in vivo models.
In addition, recent findings suggest that Hh signaling
may also promote tumorigenesis in a paracrine manner from
the tumor to the surrounding stroma, or in cancer stem
cells (CSCs) (8). As oral mucosa is continuously exposed to
environmental forces and needs to be constantly renewed,
its epithelium contains a large reservoir of epithelial stem
cells, which can withstand strong stress mechanisms.
Better purification of the stem-like cell population in
oral carcinomas is necessary to clarify which metastatic
characteristics are indeed unique to these cells. Taking
advantage of this, some research groups have designed in vitro
and in vivo models of metastasis to study the behavior of this
unique tumor cell subpopulation in head and neck squamous
carcinoma (HNSCC). As CSCs possess a greater capacity
for tumor growth and metastasis compared to non-CSCs,
it is thought that CSCs may be those mainly responsible
for the development of metastasis in HNSCC. There is
growing evidence that CSCs behavior is orchestrated in vivo
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in tissue-specific, “niche” microenvironment that supports
stem cell maintenance and resistance to anoikis, suggesting
that targeting the crosstalk between CSCs and other cells
from their supportive niche may provide an effective way
to abrogate the tumorigenic function of these cells and to
trigger EMT. However, it remains unclear how CSCs carry
out the metastatic process in these carcinomas and how
the metastatic behavior of OSCC is modulated by CSC
phenotypic characteristics (9,10). Here is where paracrine
secretion of Hh pathway modulators might be important
in the understanding of these tumorigenic or spreading
mechanisms. Whether Hh pathway regulators have such
an implication in OSCC, the inhibitors against these
modulators could be tested on these OSCC models in order
to create novel therapeutic approaches that will result in
significant improvement for the management and outcome
of patients with this disease.
In conclusion, the door remains open for further
advances in the knowledge of the role of the Hh signaling
pathway in OSCC, considering at least four points. First,
the implication of other pathways or other members of
the Hh pathway (i.e., DHH, IHH, among others) in the
activation of either GLI1 or other transcription factors in
OSCC. Second, acquiring a better understanding of the
relationship between the Hh and angiogenesis pathways
(mTORC1/HIF/VEGF). Third, the use of new chemical
inhibitors against the Hh pathway on in vivo and in vitro
models in order to accelerate the potential treatment with
these drugs in OSCC patients. Fourth, elucidating the
potential relationship between the paracrine secretion of
Hh ligands into the niche microenvironment of CSCs and
the subsequent result of an invasive OSCC. Any progress
in these areas could be useful for enhancing the current
treatment protocols in OSCC and likely improving patient
prognosis.
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