
Published by Baishideng Publishing Group Inc

World Journal of 
Clinical Oncology
World J Clin Oncol  2017 June 10; 8(3): 178-304

ISSN 2218-4333 (online)



w

Contents Bimonthly  Volume 8  Number 3  June 10, 2017

� June 10, 2017|Volume 8|Issue 3|WJCO|www.wjgnet.com

World Journal of
Clinical OncologyW J C O

                REVIEW
178	 Histone deacetylases, microRNA and leptin crosstalk in pancreatic cancer

Tchio Mantho CI, Harbuzariu A, Gonzalez-Perez RR

190	 Multidisciplinary approach of colorectal cancer liver metastases

Fiorentini G, Sarti D, Aliberti C, Carandina R, Mambrini A, Guadagni S

203	 Evolving role of Sorafenib in the management of hepatocellular carcinoma

Ziogas IA, Tsoulfas G

214	 Magnetic resonance imaging for diagnosis and neoadjuvant treatment evaluation in locally advanced rectal 

cancer: A pictorial review

Engin G, Sharifov R

                MINIREVIEWS
230	 Immunotherapy in pancreatic cancer: Unleash its potential through novel combinations

Guo S, Contratto M, Miller G, Leichman L, Wu J

241	 Current state and controversies in fertility preservation in women with breast cancer

Taylan E, Oktay KH

249	 Biological mesh reconstruction of the pelvic floor following abdominoperineal excision for cancer: A review

Schiltz B, Buchs NC, Penna M, Scarpa CR, Liot E, Morel P, Ris F

255	 Potential prognostic biomarkers in pancreatic juice of resectable pancreatic ductal adenocarcinoma

Agrawal S

                ORIGINAL ARTICLE

                Case Control Study

261	 Levels of neutrophil gelatinase-assosciated lipocalin in patients with head and neck squamous cell 

carcinoma in Indian population from Haryana state

Verma M, Dahiya K, Soni A, Dhankhar R, Ghalaut VS, Bansal A, Kaushal V

                SYSTEMATIC REVIEWS
266	 Recurrence-free survival as a putative surrogate for overall survival in phase Ⅲ trials of curative-intent 

treatment of colorectal liver metastases: Systematic review

Araujo RLC, Herman P, Riechelmann RP



Contents
World Journal of Clinical Oncology

Volume 8  Number 3  June 10, 2017

II June 10, 2017|Volume 8|Issue 3|WJCO|www.wjgnet.com

                META-ANALYSIS
273	 Robot-assisted laparoscopic vs  open gastrectomy for gastric cancer: Systematic review and meta-analysis

Caruso S, Patriti A, Roviello F, De Franco L, Franceschini F, Ceccarelli G, Coratti A

                CASE REPORT
285	 Bilateral diffuse grade 5 radiation pneumonitis after intensity modulated radiation therapy for localized 

lung cancer

Osborn VW, Leaf A, Lee A, Garay E, Safdieh J, Schwartz D, Schreiber D

289	 Prostatic adenocarcinoma, oncocytic variant: Case report and literature review

Klairmont MM, Zafar N

293	 Pancreatic neuroendocrine tumor Grade 1 patients followed up without surgery: Case series

Sugimoto M, Takagi T, Suzuki R, Konno N, Asama H, Watanabe K, Nakamura J, Kikuchi H, Waragai Y, Takasumi M, Kawana S, 

Hashimoto Y, Hikichi T, Ohira H

300	 Target migration from re-inflation of adjacent atelectasis during lung stereotactic body radiotherapy

Mao B, Verma V, Zheng D, Zhu X, Bennion NR, Bhirud AR, Poole MA, Zhen W



Contents
World Journal of Clinical Oncology

Volume 8  Number 3  June 10, 2017

Editorial Board Member of World Journal of Clinical Oncology, Bin Wang, PhD, 

Assistant Professor, Department of Biomedical Engineering, Widener University, 

Chester, PA 19013, United States

World Journal of  Clinical Oncology (World J Clin Oncol, WJCO, online ISSN 2218-4333, DOI: 
10.5306) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJCO covers a variety of  clinical medical topics, including etiology, epidemiology, 
evidence-based medicine, informatics, diagnostic imaging, endoscopy, tumor recurrence 
and metastasis, tumor stem cells, radiotherapy, chemotherapy, interventional radiology, 
palliative therapy, clinical chemotherapy, biological therapy, minimally invasive therapy, 
physiotherapy, psycho-oncology, comprehensive therapy, and oncology-related nursing. 
Priority publication will be given to articles concerning diagnosis and treatment of  
oncology diseases. The following aspects are covered: Clinical diagnosis, laboratory 
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular 
biological diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, 
and physical diagnosis; and comprehensive therapy, drug therapy, surgical therapy, 
interventional treatment, minimally invasive therapy, and robot-assisted therapy. 

We encourage authors to submit their manuscripts to WJCO. We will give priority 
to manuscripts that are supported by major national and international foundations and 
those that are of  great clinical significance.

	 World Journal of  Clinical Oncology is now indexed in PubMed, PubMed Central and Scopus.

I-III	 Editorial Board

ABOUT COVER

AIM AND SCOPE

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li      	                   Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Ya-Jing Lu	                   Proofing Editorial Office Director: Ze-Mao Gong
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Clinical Oncology

ISSN
ISSN 2218-4333 (online)

LAUNCH DATE
November 10, 2010

FREQUENCY
Bimonthly

EDITOR-IN-CHIEF
Godefridus J Peters, PhD, Professor, Department 
of  Medical Oncology, Cancer Center Amsterdam, 
VU University Medical Center, Amsterdam 1081 
HV, Netherlands

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2218-4333/editorialboard.htm

EDITORIAL OFFICE
Xiu-Xia Song, Director

World Journal of  Clinical Oncology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, 
Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
June 10, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distrib-
uted under the terms of  the Creative Commons 
Attribution Non-commercial License, which permits 
use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use 
is non commercial and is otherwise in compliance 
with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
http://www.f6publishing.com

III June 10, 2017|Volume 8|Issue 3|WJCO|www.wjgnet.com

FLYLEAF

Indexing/Abstracting



Cynthia I Tchio Mantho, Adriana Harbuzariu, Ruben R Gonzalez-Perez

REVIEW

178 June 10, 2017|Volume 8|Issue 3|WJCO|www.wjgnet.com

Histone deacetylases, microRNA and leptin crosstalk in 
pancreatic cancer

Cynthia I Tchio Mantho, Adriana Harbuzariu, Ruben R Gon
zalez-Perez, Department of Microbiology, Biochemistry and 
Immunology, Morehouse School of Medicine, Atlanta, GA 30310, 
United States

Author contributions: Tchio Mantho CI researched and wrote the 
paper; Harbuzariu A researched and wrote the paper; Gonzalez-
Perez RR researched, wrote and edited the paper.

Supported by NIH/NCI, No. 1R41CA183399-01A1; Department 
of Defense (DoD) office of the Congressionally Directed Medical 
Research Programs (CDMRP), No. DODXWH-13-1-0382; the 
DOD W81XWH-13-1-0382; NIH/SBIR1R41CA183399-01A1; 
Pilot Project Award from MSM/Tuskegee University/UAB Cancer 
Center Partnership grant 5U54CA118638; PC SPORE Grant from 
UAB to RRGP; National Institute on Minority Health and Health 
Disparities (NIMHD) of NIH under award number 5S21MD00101, 
and facilities and support services at MSM (1G12RR026250-03; 
NIH RR 03034 and 1C06 RR18386); and The Calvin Johnson Jr. 
Foundation Pancreatic Cancer Research Scholarship to Cynthia I 
Tchio Mantho.

Conflict-of-interest statement: The authors declare no conflict 
of interest.

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

Manuscript source: Invited manuscript

Correspondence to: Dr. Ruben R Gonzalez-Perez, Department 
of Microbiology, Biochemistry and Immunology, Morehouse 
School of Medicine, 720 Westview Drive SW, Hugh Gloster Bldg., 
Room 329, Atlanta, GA 30310, 
United States. rgonzalez@msm.edu
Telephone: +1-404-7521581
Fax: +1-404-7521179

Received: January 13, 2017
Peer-review started: January 16, 2017
First decision: February 20, 2017 
Revised: March 28, 2017 
Accepted: April 18, 2017
Article in press: April 19, 2017
Published online: June 10, 2017

Abstract
Because pancreatic cancer (PC) historically has had poor 
prognosis and five year survival rates, it has been intensely 
investigated. Analysis of PC incidence and biology has 
shown a link between different risk factors such as smoking, 
alcoholism, and obesity and disease progression. Important 
factors affecting PC include the epigenomic changes driven 
by DNA methylation and histone acetylation, and actions of 
microRNA inducing oncogenic or tumor suppressor effects. 
Studies have identified markers whose dysregulation seem 
to play important roles in PC progression. PC markers 
involve classical histone deacetylases (HDAC), PC stem 
cell (PCSC), and leptin. In this review, we discuss the 
role of several PC biomarkers, and the potential crosstalk 
between HDAC, microRNA, and leptin in PC progression. 
Dysregulated expression of these molecules can increase 
proliferation, survival, PCSC, resistance to chemotherapy and 
tumor angiogenesis. The potential relationships between 
these molecules are further analyzed using data from The 
Cancer Genome Atlas and crosstalk pathways generated 
by the Pathway Studio Platform (Ariadne Genomics, Inc.). 
Oncogenic miRNA21 and tumor suppressor miRNA200 
have been previously linked to leptin signaling. Preliminary 
analysis of PC biopsies and signaling crosstalk suggests 
that the main adipokine leptin could affect the expression 
of microRNA and HDAC in PC. Data analysis suggests that 
HDAC-microRNA-leptin signaling crosstalk may be a new 
target for PC therapy.
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Core tip: Pancreatic cancer has no targeted therapy. 
Obesity is a risk factor for pancreatic cancer, chara
cterized by high levels of leptin. In this review, we discuss 
the potential crosstalk between histone deacetylases, 
microRNA, and leptin in disease progression. Crosstalk 
among these molecules increases proliferation, survival, 
cancer stem cells and resistance to chemotherapy. The 
potential relationships between these molecules are 
analyzed using data from the Cancer Genome Atlas and 
the Pathway Studio Platform. The crosstalk among these 
molecules could be a novel target for pancreatic cancer 
prevention or treatment, particularly in obese patients 
that show elevated levels of leptin.

Tchio Mantho CI, Harbuzariu A, Gonzalez-Perez RR. Histone 
deacetylases, microRNA and leptin crosstalk in pancreatic cancer. 
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INTRODUCTION
Pancreatic cancer (PC) is a malignant disease, which 
is difficult to treat. It is a silent disease that can go 
undetected for long periods of time; however, when 
diagnosed, it is often in advanced stages (Ⅲ or Ⅳ)[1]. PC 
incidence and mortality rates vary across different racial/
ethnic groups, with the highest rates found in African 
Americans, and the lowest in Asian Americans/Pacific 
Islanders. Moreover, PC incidence rate is higher in African 
Americans when compared to European Americans at 
every age[1]. Risk factors for the development of PC include 
tobacco usage, continuous exposure to such chemicals 
as dyes and pesticides, family history, age, epigenetic 
changes, and obesity[1-5]. The best outcomes from PC 
treatments are obtained after complete surgical resection, 
with no residual disease; this can improve 5 year survival, 
but only from 5% to about 20%-25%[6]. Even patients 
who are eligible for surgical treatment with tumor free 
margins often experience recurrence and eventually 
require palliative treatment[7,8]. Surgical resection of 
PC is performed on patients with locally advanced or 
borderline resectable tumors. Improved outcomes may 
be achieved with a multimodal approach, combining 
neo-adjuvant chemotherapy with radiation therapy and 
surgery. Adjuvant therapy includes 5-fluoruracil (5-FU) 
or capecitabine; gemcitabine induction followed by 
concomitant chemoradiation with either gemcitabine or 
5-FU; FOLFIRINOX (an aggressive chemotherapeutic 
regimen, including several chemotherapeutic agents) 

or gemcitabine-Nab paclitaxel (albumin bound) with 
or without subsequent chemoradiation. For patients 
with metastatic PC, the treatment options are very 
limited. It mainly consists of palliative care (pain and 
nutrition management), as well as chemotherapy. The 
chemotherapeutic regimens for metastatic PC (gemcitabine 
alone or in combination with other agents for example, 
FOLFIRINOX, Nab-paclitaxel) have only modest results, 
improving the survival of these patients by only a few 
months[9,10]. 

Important factors affecting PC are the changes in 
the epigenome driven by DNA methylation and histone 
acetylation. Epigenetic changes are alterations in gene 
expression or cellular phenotype that occur without 
changes in the DNA sequence. Some of the epigenetic 
changes are DNA methylation and histone acetylation. 
This last process is characterized by the addition of acetyl 
groups to the lysine residues of the histones via histone 
acetyltransferases (HAT). Histone acetylation is essential 
to gene regulation, and is usually associated with the 
relaxed form of chromatin. Lysine residues can also be 
deacetylated by histone deacetylases (HDAC). These 
enzymes are involved in cancer progression by increasing 
proliferation, survival and resistance to chemotherapy of 
cancer cells as well as angiogenesis[11-15].

The dysregulation of microRNAs is another factor 
involved in cancer progression[16-18]. MicroRNAs (miRNA 
or miR) are noncoding endogenous RNAs that regulate 
protein expression. Accumulating data show important 
relationships between dysregulated miRNAs and can
cer[16-19]. The effect that miRNAs dysregulation has on 
the cancer cells determines whether these molecules are 
considered oncogenics or tumor suppressors. Oncogenic 
miRNAs promote cancer development through various 
signaling mechanisms while tumor suppressor miRNAs 
have contrary effects and their expression is decreased in 
cancer[19,20]. There are many oncogenic microRNAs (e.g., 
miR21) that have been reported to play a role in cancer 
progression[20-23]. Furthermore, the decreased expression 
of tumor suppressor miR200 family has been associated 
with PC progression[24,25].

Obesity is one the most observed risk factors for 
cancer progression. Obesity is a growing pandemic, 
and is associated with more than 100000 incidences of 
various cancers in the United States, particularly breast, 
colon, endometrium and PC[26-28]. Obesity is characterized 
by the accumulation of excessive body fat, and a body 
mass index (BMI) value greater than 30. Obesity is also 
characterized by high levels of leptin, which has been 
consistently associated with many cancers, including 
PC[29-33]. Preliminary analyses suggest that leptin could 
affect the expression of microRNA and HDAC in PC. 

Because of the absence of targeted therapies for 
obese PC patients, there is a need to better understand 
the mechanisms behind the disease progression in 
order to develop better treatment strategies. Thus, in 
this review, we will discuss the potential relationships 
between HDAC, microRNA, cancer stem cells, and leptin 
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signaling in PC. 

PC TYPES
There are two types of PC - those that comprise tumors 
arising from the endocrine pancreatic cells and those that 
arise from the exocrine pancreatic cells. Cancers of the 
endocrine pancreas are rare and represent less than 4% 
of all PC cases[1]. Pancreatic Adenocarcinoma (PA) is the 
most common type of PC and usually begins in the ducts 
of the pancreatic glands. PC has been recently classified 
into four main subtypes based on their genomic analysis 
(e.g., squamous, pancreatic progenitor, immunogenic, 
and aberrantly differentiated endocrine exocrine or 
ADEX)[34].

PC squamous subtype is characterized by four core 
genes programs involved in inflammation, hypoxia 
response, metabolic reprogramming, transforming growth 
factor-β (TGF-β) signaling, autophagy, and upregulated 
expression of TP63ΔN and its target genes[34]. The 
pancreatic progenitor subtype is characterized by the 
transcriptional networks of pancreatic and duodenal 
homeobox-1 (PDX1), motor neuron and pancreas homeo
box- 1 (MNX1), hepatocyte nuclear factor-4-a (HNF4A), 
hepatocyte nuclear factor-1-β (HNF1B), hepatocyte 
nuclear factor-1-a (HNF1A), forkhead box-A2 (FOXA2), 
forkhead box-A3 (FOXA3), and hairy and enhancer of 
split-1 (HES1) transcription factors[34,35]. The immunogenic 
subtype of PC is characterized by changes in the programs 
of immune genes that include antigen presentation, CD4+ 
and CD8+ T cells, and toll-like receptor and B cell signaling 
pathways[8]. ADEX is characterized by the upregulation of 
transcriptional networks of both exocrine and endocrines 
lineages that are important in later stages of pancreatic 
development and differentiation[34].

In addition, some hereditary factors play roles in 
the development of PC. Individuals with a high risk of 
developing PC can be divided into underlying gene defect, 
like cyclin-dependent kinase Inhibitor 2A (CDKN2A), breast 
cancer gene 1 and 2 (BRCA1/2), partner and localizer of 
BRCA2 (PALB2), and serine/threonine kinase 11 (STK11) 
mutations[35,36]. In a study performed by Vasen et al[36], the 
longterm outcome of prospective surveillance of a large 
group of CDKN2A/p216-Leiden carriers and, BRCA1/2 
and PALB2 mutation carriers, and individuals at risk (IARs) 
for familial PC (FPC) was evaluated. The main goal of the 
study was to determine whether or not surveillance will 
lead to the detection of early stage PC or the detection 
of relevant precursors lesions (PRLs) as well as to assess 
if their program leads to improvements in prognosis[36]. 
Based on the surveillance, it was determined that PRLs 
were more frequent in patients with FPC than those with 
CDKN2A/p216-Leiden mutation[36]. The surveillance study 
also reveals that the resection of screen detected PC with 
CDKN2A/p216-Leiden mutation carriers was 75%, which 
is higher than that reported for patients with sporadic PC 
(15%-20%)[36]. Overall, the study demonstrated that the 
surveillance of CDNK2A mutation carriers was successful 

for the detection of PC at the resectable stage[36].

PC BIOMARKERS
PC is generally diagnosed when approximately 30% of 
patients present a locally advanced disease[1]. Because 
there is no effective treatment for advanced PC, this 
disease should be detected in the early stages when 
treatment could significantly increase the percentage 
of patients with five years of survival. The best way to 
PC early diagnosis would be via the usage of screening 
biomarkers with high specificity and sensitivity. Currently, 
the most established and used biomarker is CA19-9. 
However, CA19-9 detection is not highly specific for PC, 
as it can also be detected in colorectal cancer, stomach, 
and biliary epithelium and chronic pancreatitis[1,37,38].

A vast array of other PC biomarkers has been in
vestigated, but so far none are as yet widely used clinically. 
It has recently been shown that exosomes could potentially 
impact on the pathogenesis of PC through the modulation 
of tumor growth, microenvironment, and immune res
ponse. This suggests that exosomes could be used as 
biomarkers for PC[39]. An additional PC marker could be 
the leptin receptor, OB-R, which has been detected in PC 
cell lines[40]. Moreover, OB-R expression was positively 
correlated with the matrix metalloproteinase-13 (MMP-13) 
in human PC tissues. The increased expression of either 
OB-R or MMP-13 was significantly associated with lymph 
node metastasis; it also tends to be associated with the 
TNM stage in PC patients[40]. 

Likewise, it has been proposed that the detection 
of PC cells in blood could be used as a surrogate for PC 
detection[41,42]. Circulating tumor cells (CTC) could be 
related to metastatic and more aggressive PC disease, 
according to the results from an international multicenter 
randomized study that included 79 patients. A subgroup 
of PC patients was screened for CTCs before the start of 
the chemotherapy, and after two months of treatment. 
Overall, CTC detection was found in 11% of PC patients 
and associated with poor tumor differentiation (P = 0.04), 
and with shorter overall survival (RR = 2.5, P = 0.01). 
Therefore, CTC detection might be a new way to detect 
PC[38]. 

HISTONE DEACETYLASES IN PC
HDAC play a major role in the regulation of gene ex
pression via epigenetics changes. HDAC catalyze the 
removal of an acetyl group, which stimulates chromatin 
condensation, thus suppressing transcription. Currently, 
18 HDAC family members have been identified in the 
human genome, which are grouped into four classes (Ⅰ-
Ⅳ)[43]. HDAC are also classified into two major types: 
Sirtuins (SIRT) and classical HDAC. Classical HDAC include 
Classes Ⅰ, Ⅱ, and Ⅳ, whereas the sirtuins comprise 
Class Ⅲ[43,44] (Table 1). HDAC classes Ⅰ, Ⅱ, and Ⅳ 
are zinc dependent metalloproteins, while class Ⅲ are 
nicotinamide adenine dinucleotide (NAD+) dependent 

Tchio Mantho CI et al . Pancreatic cancer and leptin crosstalk
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enzymes[43]. Class Ⅰ HDAC family consists of HDAC 1, 2, 
3, and 8. These enzymes are mainly located in the cellular 
nucleus. Class Ⅱ HDAC family is divided into two groups 
- Classes ⅡA and ⅡB. These HDAC are mainly located in 
the cytoplasm, but can also be found in the nucleus, which 
is dependent on their phosphorylation status influencing 
their shuttle mechanism[43,44]. Subclass ⅡA HDAC family 
consists of HDAC 4, 5, 7, and 9; while subclass ⅡB 
consists of HDAC 6 and 10. HDAC Class Ⅳ is only made 
of HDAC11 that is mainly located in the nucleus. Class 
Ⅲ is composed of SIRT1, SIRT2, SIRT3, SIRT4, SIRT5, 
SIRT6, and SIRT7, which are located in the nucleus, 
cytoplasm, and mitochondria[38]. Due to the role of HDAC 
in epigenetic regulations and their effect on chromatin 
structures, many studies have found them linked to 
cancer progression[13,14,45,46]. The classical HDAC have been 
associated with cancer progression through the increase 
of proliferation, survival and resistance to chemotherapy 
of cancer cells, and angiogenesis. More studies suggest 
the roles of HDAC in PC progression. The use of HDAC 
inhibitors is a novel avenue toward targeted therapy for 
PC. Several HDAC inhibitors are currently under clinical 
trials for cancer-targeted treatment. However, currently 
there are only three FDA approved HDAC inhibitor drugs 
available [Vorinostat or Suberoylanilide Hydroxamic Acid 
(SAHA), Zolina], Romidepsin (Depsipeptide, ISTODAX), 
and Belinostat (Beleodaq)[47-50].

Vorinostat was the first FDA approved anti-HDAC 
drug[47,49,51]. It is a hydroxamic acid based drug that 
inhibits Class Ⅰ, Ⅱ, Ⅳ HDAC by chelating the zinc 
cofactor. This drug shows apoptotic and anti-proliferative 
effects by modifying the expression of specific genes 
related to insulin-like growth factor-1 receptor signaling 
receptor (IGF-1R)[47,49,52]. The second FDA approved HDAC 
inhibitor drug is Romidepsin, which was effective in phase 
Ⅱ clinical trials when used with gemcitabine for treatment 
of advanced PC[49,53-55]. The third FDA approved HDAC 
inhibitor drug is Belinostat. It showed a dose dependent 
growth inhibitory or pro-apoptotic effects promoting 
cell cycle arrest at the G0/G1 or S phase transition[56-58]. 
Additionally, positive results in the treatment of PC have 
been reported with the use of benzamide derivative 
HDAC inhibitor (Class Ⅰ HDAC inhibitor MGCD0103) 

selective for Class Ⅰ and Ⅳ HDAC[59]. PC cell lines treated 
with MGCD0103 showed dose dependent growth arrest, 
apoptosis, and induction of p21, which mediated cell cycle 
arrest in G2/M phase[59].

TUMOR SUPPRESSOR AND ONCOGENIC 
MIRNAS IN PC
MicroRNAs (miRNA or miR) are noncoding endogenous 
RNAs of 14-24 nucleotides that have the ability to regulate 
protein expression at the post-transcriptional level. 
Many studies have found strong correlations between 
dysregulated microRNAs and cancer[17,18,60]. According to 
the effect that miRNAs dysregulation has on the cancer 
cells, these molecules are considered oncogenic or tumor 
suppressors. There are many oncogenic microRNAs, 
such as miR1290, miR24, miR134, miR146a, miR378, 
miR484, miR628-3p, miR1825[61] and miR21[20-23] that 
have been reported to play a role in cancer progression. It 
was reported that serum levels of miR1290 distinguished 
patients with low-stage PC from controls better than 
CA19-9 levels[61]. Furthermore, decreased expressions of 
miRNA34[62] and miR200[20] family have been associated 
with PC progression. 

A study found that oncogenic miR21 was expressed 
in the early stage of PA[63]. Furthermore, knockdown of 
miR21 using lentiviral vectors inhibited cell proliferation 
in PC derived cell lines. In addition, miR21 was found to 
protect PC cell from apoptosis, and its knockdown resulted 
in the activation of mitochondrial pathway apoptosis via 
the downregulation of Bcl9 (a protein involved in Wnt 
Pathway), upregulation of Bax, and induction of Bim[63]. 
Targeting miR21 in vivo strongly inhibited PC growth, 
which led to the suggestion that simultaneous standard 
gemcitabine chemotherapy combined with miR21 tar
geting could improve the prognosis of PC 

MiRNA200 family consists of five members (miR200a, 
b, c and miR429, and miR141)[64]. In vitro studies sug
gested that miR200c expression was related to low cancer 
invasion[20]. MiRNA200 activities include inhibition of 
epithelial-mesenchymal-transformation (EMT), repression 
of cancer stem cell (CSC) self-renewal and differentiation, 

Table 1  Classification of classical histone deacetylases

Class Members Cellular localization Function in cancer[13,14,45,46,104] Substrates[43,44,104]

Ⅰ   HDAC1 Nucleus Proliferation, survival and resistance to chemoresistance P53, E2F-1, Stat3, and androgen
HDAC2 Nucleus Proliferation and survival Bcl-6, Stat3. YY-1, and glucocorticoid receptor
HDAC3 Nucleus Proliferation and anti-differentiation GATA-1, RelA, Stat3, MEF2D, YY-1, and SHP
HDAC8 Nucleus Proliferation and anti-differentiation ERRα, Inv (16), and CREB

ⅡA HDAC4 Nucleus/cytoplasm Angiogenesis and anti-differentiation GCMa, GATA-1, and HP-1
HDAC5 Nucleus/cytoplasm Anti-differentiation Smad7, HP-1, and GCMa
HDAC7 Nucleus/cytoplasm Angiogenesis and migration FLAG-1, and FLAG-2
HDAC9 Nucleus/cytoplasm Cell survival ATDC (TRIM29)

ⅡB HDAC6 Cytoplasm Angiogenesis and migration Alpha-Tubulin, HSP-90, SHP, Smad7
HDAC10 Cytoplasm Angiogenesis HSP90

Ⅳ HDAC11 Nucleus/cytoplasm Tumor immune response OX40L

Tchio Mantho CI et al . Pancreatic cancer and leptin crosstalk

HDAC: Histone deacetylases.
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modulation of cell division and apoptosis, and involvement 
in chemoresistance. High level of miR200c correlated 
to better survival rates[20]; however, miR200a and 
miR200b, were hypomethylated and overexpressed in 
PC[65]. It has been suggested that targeting miRNA200 
upregulation could improve PC prognosis if used together 
with the chemotherapeutic drug gemcitabine[20]. Indeed, 
treatment of PC cells with a curcumin analoge, CDF, 
improved gemcitabine effects by upregulating miR200 
and downregulating miR-21 expression. These effects 
were found together with the downregulation of Akt, 
cyclooxygenase-2, prostaglandin E2, vascular endothelial 
growth factor, and nuclear factor-κB DNA binding activity, 
and induction of PTEN[66]. 

Transcriptor factor ZFH family (ZEB1 and ZEB2)[67] 

represses the expression of epithelial genes. miR200 
members increased Notch activation by ZEB1 that regulates 
the expression of Jagged1 and the mastermind-like 
coactivators Maml2 and Maml3.. Moreover, in PC and breast 
cancer cells, decreased miR200 expression was associated 
with increased Jag1 and ZEB1 levels[68]. Therefore, MiR200 
inhibits EMT by interacting with ZEB1/2 and the Notch 
pathway, represses self-renewal and differentiation in 
CSCs, and is involved in the regulation of cell division and 
apoptosis[64]. In turn, ZEB1 suppresses the expression 
of miR200 family, which inhibits the translation of ZEB1 
mRNA, resulting in the double-negative ZEB/miR200 
feedback loop[69]. Additionally, in lung cancer Jagged2 
inhibits the expression of miR200 family by induction 
of GATA transcription factors, which promotes tumor 
metastasis[70].

We preliminarily analyzed PC biopsies using TCGA 
databank[71]. Data analysis shows higher miR21 ex
pression compared with miR200 in PC (Figure 1). These 
data suggest that progression of PC could be positively 
associated with upregulation of miR21 and downregulation 
of miR200. 

PC STEM CELLS
PC is usually diagnosed in the advanced stages after 
distant metastasis has already occurred in most cases. PC 
shows high frequency of local relapse, even after surgical 
resection. Treatment of PC via surgery and chemotherapy 
has historically had little success. Patients still have a poor 
survival rate with chemoresistance and reoccurrence of the 
disease as significant factors. These features of PC could 
be related to the action of PC stem cell (PCSC)[72]. Cancer 
stem cells are a small population that have the capacity to 
self-renew, and generate cells with identical tumorigenic 
potential that could also differentiate to form the bulk of 
the tumor cells, thereby contributing to the formation of 
heterogenic cellular composition of cancers[55]. A highly 
tumorigenic PCSC population (CD24+CD44+ESA+) was 
described in PC for the first time by Li et al[73] in a xenograft 
human model. PCSC are resistant to chemotherapy and 
contribute to tumor initiation, growth and metastasis[74]. 
PCSC were also identified as CD133+ population that is 
highly resistant to standard chemotherapy. A subgroup of 
these cells, CD133+CXCR4+ was found to be involved in 
metastasis[75].

C-Met, also known as hepatocyte growth factor receptor 
(HGFR), is an oncogene involved in the progression of 
cancer. C-Met was earlier described as a potential PCSC 
marker[75-77]. C-Met+ PCSC showed similar tumorigenic 
capacity as CD24+CD44+ESA+ population[78-80]. C-Met is a 
heterodimer that consist of an extracellular α-chain bound 
through a disulphide bridge to a transmembrane β-chain[79]. 
It is also a tyrosine kinase found in the cell membrane. 
HGF ligand binding to C-Met immunoglobulin like-domain 
induces C-Met dimerization, leading to autophosphorylation 
of the two tyrosine residues within the catalytic loop[79]. 
Subsequently, further autophosphorylation of two more 
tyrosine residues occurs in the C-terminal of c-Met re
ceptors, which provides the platform for the recruitment 
of other molecular factors and signal conveyors like Grb2-
associated binding protein 1 (Gab1). This provides a binding 
site for such SH2-containing effectors as SHP2, PLCγL, 
STAT3, Ras GTPase, and PI3K9[79]. With the emerging 
evidence of c-Met as a stem cell marker, some studies were 
able to identify part of the c-Met cell population that also 
expresses CD44, CD24, CD133, and ALDH1[78,81]. However, 
in a study c-Met+ PCSC produced tumors in 35% of cases 
when compared to PCSC CD133+ (16%) and CD44+ (25%) 
of cases[78-80]. 

Notch signaling pathway is another factor that affects 
the maintenance of PCSC. Notch signaling pathway 
is a known regulator of the balance between cell self-
renewal and cell differentiation. Abel et al[82] found 
that components of Notch signaling were upregulated 
in PCSC. Moreover, the inhibition of Notch signaling 
pathway with gamma secretase inhibitors or Hes1 shRNA 
in PCSC reduced the percentage of PCSC and their ability 
to form tumorspheres. Furthermore, these authors 
found that the activation of Notch signaling pathway 
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Figure 1  IlluminaHiSeq miRNA expression of tumors tissues biopsies 
from pancreatic cancer patients. The data sets used were generated from 
the the Cancer Genome Atlas Database[71]. The oncogenic miR21 is highly 
expressed in PC while there is a low expression of tumor suppressor miR200a/
b/c (pancreatic cancer samples n = 45).
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using an exogenous peptide ligand greatly increased the 
percentage of PCSC and formation of tumorspheres[82].

Due to PCSC role in chemoresistance and disease 
reoccurrence, c-Met, CD44, CD24, CD133, and ALDH1 
could potentially be used as biomarkers to detect PC 
progression. Moreover, developing therapies that would 
target PCSC markers could be adjuvant to the standard 
gemcitabine chemotherapy, which could improve PC 
survival rate[72,78]. 

OBESITY AND PC 
Obesity is mainly the result of unhealthy diets and 
lifestyles, and has proven to be a contributing factor to 
higher risk and poor prognosis of cancer[1,83,84]. Several 
studies have examined the impact that obesity has on 
the overall survival rate of PC patients[84,85]. Some studies 
have determined that obesity in adulthood significantly 
shortened the overall survival of PC patients, whereas 
obesity at diagnosis was not associated with increased risk 
of death[84,85]. In another study, Sandini et al[86] assessed 
whether the evaluation of different body compartments 
and their relationships were associated with the deve
lopment of major postoperative complications after 
pancreatoduodenectomy for cancer. It was found that the 
prevalence of sarcopenia (loss of muscle tissue related 
to aging) was 24.2%. Overall, sarcopenic obesity[86] and 
non-sarcopenic obesity[87] are strong predictors of major 
complications after pancreatoduodenectomy for cancer. 

Obese PC patients have the poorest prognosis, and 
often develop chemoresistance. Obesity is recognized 
as a co-morbidity factor to cancer and there is great 
interest in understanding the mechanism linking this 
condition and cancer. In this regard, a recent study has 
found that obesity promoted desmoplasia associated 
with accelerated PC growth and impaired delivery/
efficacy of chemotherapeutics through reduced perfusion 
in vivo[87]. Furthermore, the inhibition of angiotensin-
Ⅱ type-1 receptor (AT1) reversed obesity-augmented 
desmoplasia and PC growth and improved response to 
5-FU chemotherapeutic in vivo[87]. In addition, clinical 
studies have shown that excess weight alters PC micro
environment to augment the crosstalk between cancer 
associated adipocytes, tumor associated neutrophils, 
and pancreatic stellate cells, which subsequently lead to 
increased tumor progression and survival[87]. 

LEPTIN AND PC
A potential link between obesity and PC could be the 
major adipokine leptin. A crosstalk between leptin and 
Notch (an embryonic signaling pathway altered in PC) 
has been reported in PC lines. Moreover, leptin induces 
PC tumorspheres formation and expansion of PCSC[81,88]. 
Leptin is a small cytokine secreted by adipose tissue that 
is coded by the obese (ob) gene. Leptin has been the 
most studied adipokine since it was first cloned in 1994[89]. 
Leptin is an adipokine that regulates appetite, energy 
intake and expenditure. Leptin plays many roles, some of 

which involve regulation of glucose homeostasis, growth 
response, reproduction and immune response[90]. The 
level of circulating leptin is proportional to total body fat. 
Obese patients exhibit high circulating levels of leptin due 
to leptin resistance[91]. Leptin is a pleiotropic adipokine 
and pro-inflammatory molecule that belongs to the family 
of helical cytokines. It is structurally similar to interleukin 
(IL)-6, IL-12, IL-15, prolactin, GH, oncostatin M, and 
granulocyte CSF[92].

Leptin receptor, OB-R, is a product of diabetic (db) 
gene that shows six alternatives spliced isoforms, 
including a long isoform (OB-RL, OB-Rb or LEPR) with 
full intracellular signaling capabilities, shorter isoforms 
with less biological activity (OB-Rs or OB-Ra) and a 
soluble isoform (OB-Re or sOB-R)[93,94]. Both the long and 
short isoforms of OB-R are expressed in PC cell lines[4]. 
Moreover, PC cells secreted leptin and expressed OB-R, 
which indicates a leptin autocrine/paracrine signaling loop 
could also affect tumor progression[95]. The binding of 
leptin to OB-R activates a cascade of events that promotes 
tumor progression and cancer cell survival[3,30,31]. Leptin 
binding to its receptor triggers an activation cascade of 
several canonical (JAK2/STAT3, MAPK, PI-3K/AKT1) and 
non-canonical signaling pathways (p38MAK, JNK and 
AMPK)[29,88,96]. 

A nested case control study from three cohort studies 
of middle-aged adults showed that high pre-diagnostic 
circulating leptin concentrations were associated with an 
increased PC risk among those with longer follow-up[97]. In 
another study, Mendonsa et al[4] showed the contribution 
of obesity and leptin to PC growth by using an in vivo 
orthotopic murine PC model. These studies revealed the 
increase of tumor growth in diet-induced obese mice when 
compared to lean mice. 

We have recently showed that leptin and Notch 
crosstalk could influence PC progression. Our data suggest 
that a functional leptin-Notch axis affects PC progression 
and expansion of cancer stem cells (PCSC) in PC cell 
lines (BxPC-3, MiaPaCa-2, Panc-1, AsPC-1) and derived 
tumorspheres. Leptin treatment increased cell cycle 
progression and proliferation, and the expression of Notch 
receptors, ligands and targeted molecules (Notch1-4, 
DLL4, JAG1, Survivin and Hey2), PCSC markers (CD24/
CD44/ESA, ALDH, CD133, Oct-4), ABCB1 protein, as well 
as tumorsphere formation. PC has no targeted therapy 
and is mainly treated with chemotherapy, whose efficiency 
could be decreased by leptin and Notch activities. Thus, 
the leptin-Notch axis could be a novel therapeutic target, 
particularly for obese PC patients[95].

LEPTIN-HDAC-MICRORNA-CANCER 
STEM CELLS CROSSTALK 
Resistance to leptin is observed in obese people who show 
high levels of leptin. Precise reasons explaining why some 
obese patients are leptin-resistant are not fully known. 
Some studies have suggested that leptin resistance could 
be due to abnormalities of the leptin molecule while others 
believe the resistance might be due to impairment of OB-R 
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function or deficient leptin transport. Leptin is a known 
proliferation factor for cancer[3,29,31,96]. Analysis of data 
from Pathway Studio Platform shows that leptin signaling 
could promote PC through crosstalk mechanisms that 
involve PCSC, classical HDAC, oncogenic microRNA21, 
and tumor suppressor microRNA200a/b/c (Figure 2 and 
Supplemental Table 1). 

A relationship between leptin signaling and miR21 in 
cutaneous wound healing was earlier reported[98]. The 
expression of miR21 and miR200 was previously linked to 
leptin hypothalamic signaling[16,99,100]. It was shown that 
the use of a pegylated leptin antagonist predisposed the 
rats to obesity and promoted leptin resistance in the both 
hypothalamus and liver. RT-PCR data from these studies 
showed that miR200 was upregulated in rats treated 
with leptin antagonist[16]. Additionally, miR21 (oncogenic) 
and miR200 (tumor suppressor) have been shown to 
affect PC progression[20,63]. The potential relationships 
between leptin signaling and miR21 and miR200a/b/c 
regulation in PC are shown in Figure 2. Leptin signaling 
is involved in the crosstalk to many important oncogenic 
and tumor suppressor molecules. Previous studies 
have determined that leptin increases the expression of 
PCSC markers ALDH1 and CD44. Leptin has also been 

found to increase the expression of miR21 while the 
tumor suppressors miR200a, miR200b, and miR200c 
decrease the expression of OB-R. Interestingly, these 
tumor suppressors could also interact with some of PCSC 
markers (Met, ABCB1, CD44), which decrease their 
expression. In contrast, oncogenic miR21 increases the 
expression of ALDH1, ABCB1 and CD44 markers. With 
regard to the classical HDAC, only HDAC5 and HDAC4 
were reported to be directly regulated by leptin signaling 
(Figure 2). However, leptin signaling could indirectly 
affect the expression of some of HDAC via microRNA 
or PCSC markers. Further analysis suggests that leptin 
increases the expression of miR21, which, in turn, could 
increase the expression of HDAC3. The combined action 
of these factors could promote cancer proliferation and 
the expression of an anti-differentiation phenotype (Sup
plemental Table 1).

Our published data show that leptin increased PCSC 
populations that correlated with growth of PC tumorspheres 
and resistance to gemcitabine[88,95]. Furthermore, leptin 
induced PCSC populations (CD24+CD44+ESA+, CD133+, 
ALDH+) in MiaPaCa-2 PC cells. Additionally, in Panc-1 cells, 
leptin increased mostly CD133+ PCSC. Moreover, leptin 
increased ABCB1 (an ATP Binding Transporter Protein linked 
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Figure 2  Potential crosstalk between leptin signaling, cancer stem cells, histone deacetylases and microRNA. Leptin and its receptor LEPR (OB-R) are 
involved in the regulation of PCSC markers, Classical HDAC, miR21, and miR200a/b/c. HDAC 1, 2, 3, 8: Histone Deacetylases Class I; HDAC 4, 5, 7, 9: Histone 
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to chemoresistance) expression in PC tumorspheres[95]. 
These data suggest that leptin could play a role in the 
induction of PCSC and PC chemoresistance (Figure 3).

Several studies have found that classical HDAC are 
overexpressed in PC. Therefore, HDAC inhibition has 
become a potential target therapy for cancer[101,102]. 
Intriguingly, high expression of HDAC Class Ⅰ and Ⅱ in 
PC could be associated with obesity. It was found that the 
hypothalamic expression of classical HDAC was increased 
in obese mice fed a high fat diet[100,103]. Thus, it is possible 
that the increase in classical HDAC in obese mice could 
be related to leptin signaling. To initially explore the 
potential relationships between leptin signaling and HD- 
AC, leptin effects on HDAC expression was preliminary 
determined in PC tumorspheres. Results from these 
experiments show that leptin increased the expression of 
HDAC3 and HDAC8 in BxPC-3 tumorspheres (Figure 3). 
Furthermore, preliminary data suggest that gemcitabine 
decreased the expression of HDAC2, HDAC3 and HDAC8 
that was reverted by leptin. This suggests that leptin 
could affect the expression of HDAC in PC, which might 
be associated with chemoresistance.

CONCLUSION
PC is an aggressive disease commonly detected in its 

late stages, continues to show poor prognosis, and has 
no targeted treatment. Surgical tumor removal is the 
best option to eliminate PC, but only in limited number 
of cases. Therefore, most PC patients are treated with 
chemotherapeutics, but survival rates have historically 
been poor. Obesity is a modifiable risk factor of PC that 
is characterized by inflammation and high levels of the 
adipokine leptin, which is a cancer proliferation factor 
that can also contribute to chemoresistance. Studies 
have identified that the dysregulation of HDAC, miR21, 
miR200, leptin, and PCSC could play important roles 
in PC progression. Previous reports showed that leptin 
signaling can induce PC proliferation, PCSC expand and 
regulate miR21, miR200, and HDAC levels. Moreover, 
the analysis of data from PC biopsies (Cancer Genome 
Atlas)[71] showed inverse expression profiles for miRNA21 
and miRNA200 that suggests these molecules could 
be involved in PC development. Furthermore, HDAC, 
miRNA21/200, and leptin could have complex signaling 
crosstalk, according to Pathway Studio analysis. There
fore, leptin, miR21, miR200 and HDAC could be involved 
in PC progression. Thus, the potential crosstalk among 
these molecules could be a novel target for PC prevention 
or treatment, particularly in obese patients who show 
elevated levels of leptin.
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