Gastroenterology

—

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 32 August 28, 2017

EDITORIAL
5829 Role of tissue microenvironment resident adipocytes in colon cancer

Tabuso M, Homer-Vanniasinkam S, Adya R, Arasaradnam RP

REVIEW
5836  Ophthalmic manifestations in patients with inflammatory bowel disease: A review
Troncoso LL, Biancardi AL, de Moraes Jr HV, Zaltman C

5849 Laparoscopic appendectomy for acute appendicitis: How to discourage surgeons using inadequate therapy
Hori T, Machimoto T, Kadokawa Y, Hata T, Ito T, Kato S, Yasukawa D, Aisu Y, Kimura Y, Sasaki M, Takamatsu Y, Kitano T,

Hisamori S, Yoshimura T

5860 Long non-coding RNAs in hepatocellular carcinoma: Potential roles and clinical implications
Niu Z8S, Niu XJ, Wang WH

MINIREVIEWS
5875 Nano albumin bound-paclitaxel in pancreatic cancer: Current evidences and future directions
Giordano G, Pancione M, Olivieri N, Parcesepe P, Velocci M, Di Raimo T, Coppola L, Toffoli G, D’Andrea MR

ORIGINAL ARTICLE
Basic Study

5887  Comparison between tocotrienol and omeprazole on gastric growth factors in stress-exposed rats
Nur Azlina MF, Qodriyah HMS, Chua KH, Kamisah Y

5895 (-)-Epigallocatechin-3-gallate enhances poly I:C-induced interferon-A1 production and inhibits hepatitis C
virus replication in hepatocytes
Wang YZ, Li JL, Wang X, Zhang T, Ho WZ

5904 Effects and mechanism of adenovirus-mediated phosphatase and tension homologue deleted on
chromosome ten gene on collagen deposition in rat liver fibrosis
Xie SR, An JY, Zheng LB, Huo XX, Guo J, Shih D, Zhang XL

Retrospective Study
5913 Integrating 7YMS, KRAS and BRAF testing in patients with metastatic colorectal cancer
Ntavatzikos A, Spathis A, Patapis P, Machairas N, Peros G, Konstantoudakis S, Leventakou D, Panayiotides IG,

Karakitsos P, Koumarianou A

Raishidenge ~ WJG | www.wjgnet.com I August 28, 2017 | Volume 23 | Issue 32 |



World Journal of Gastroenterology

SellEdi Volume 23 Number 32 August 28, 2017

Clinical Trials Study

5925 Characterizing gastrointestinal stromal tumors and evaluating neoadjuvant imatinib by sequencing of
endoscopic ultrasound-biopsies
Hedenstrom P, Nilsson B, Demir A, Andersson C, Enlund F, Nilsson O, Sadik R

Observational Study
5936  Novel predictors for lymph node metastasis in submucosal invasive colorectal carcinoma

Yim K, Won DD, Lee IK, Oh ST, Jung ES, Lee SH

5945 Changes with aging in gastric biomarkers levels and in biochemical factors associated with Helicobacter
pylori infection in asymptomatic Chinese population
Shan JH, Bai XJ, Han LL, Yuan Y, Sun XF

Prospective Study

5954  Modified Helicobacter test using a new test meal and a *C-urea breath test in Helicobacter pylori positive
and negative dyspepsia patients on proton pump inhibitors
Tepes B, Malfertheiner P. Labenz J, Aygen S

5962 Real time endoscopic ultrasound elastography and strain ratio in the diagnosis of solid pancreatic lesions
Okasha H, Elkholy S, El-Sayed R, Wifi MN, El-Nady M, EI-Nabawi W, EI-Dayem WA, Radwan MI, Farag A, El-sherif Y,
Al-Gemeie E, Salman A, El-Sherbiny M, El-Mazny A, Mahdy RE

5969 Efficacy and safety of sofosbuvir and daclatasvir in treatment of kidney transplantation recipients with
hepatitis C virus infection

Xue Y, Zhang LX, Wang L, Li T, Qu YD, Liu F

Randomized Controlled Trial

5977 New botanical drug, HL tablet, reduces hepatic fat as measured by magnetic resonance spectroscopy in
patients with nonalcoholic fatty liver disease: A placebo-controlled, randomized, phase II trial
Jeong JY, Sohn JH, Baek YH, Cho YK, Kim Y, Kim H

Randomized Clinical Trial

5986 Randomized clinical trial comparing fixed-time split dosing and split dosing of oral Picosulfate regimen for
bowel preparation
Jun JH, Han KH, Park JK, Seo HL, Kim YD, Lee SJ, Jun BK, Hwang MS, Park YK, Kim MJ, Cheon GJ

META-ANALYSIS

5994  Systematic review and meta-analysis of colon cleansing preparations in patients with inflammatory bowel
disease
Restellini S, Kherad O, Bessissow T, Ménard C, Martel M, Taheri Tanjani M, Lakatos PL, Barkun AN

Raishidenge ~ WJG | www.wjgnet.com I August 28, 2017 | Volume 23 | Issue 32 |



World Journal of Gastroenterology

SellEi Volume 23 Number 32 August 28, 2017

CASE REPORT
6003  Postoperative inflammation as a possible cause of portal vein thrombosis after irreversible electroporation

for locally advanced pancreatic cancer
Su JJ, Su M, Xu K, Wang PF, Yan L, Lu SC, Gu WQ, Chen YL

LETTERS TO THE EDITOR
6007 Comment on “Efficacy and adverse events of cold vs hot polypectomy: A meta-analysis”

Sun HH, Huang SL, Bai Y

Raishidenge ~ WJG | www.wjgnet.com 11T August 28, 2017 | Volume 23 | Issue 32 |



Contents

World Journal of Gastroenterology
Volume 23 Number 32 August 28,2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Mitsushige
Sugimoto, MD, PhD, Associate Professor, Division of Digestive Endoscopy,
Shiga University of Medical Science Hospital, Otsu 520-2192, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. ]G was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 21, and 28" each month.
The WJ]G Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.

The primary task of WJ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2).

FLYLEAF I-IX

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Fer-Fen Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Science Editor: Yuan Oi
Proofing Editorial Office Director: Jin-Iei Wang

NAME OF JOURNAL
World Journal of Gastroenterology

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

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States http:/ /www.wjgnet.com
EDITORIAL BOARD MEMBERS

All editorial board members resources online at http://
www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
August 28, 2017

COPYRIGHT

EDITORIAL OFFICE © 2017 Baishideng Publishing Group Inc. Articles pub-

Jin-Lei Wang, Director

Yuan Qj, Vice Director

Ze-Mao Gong, Vice Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wijgnet.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@wijgnet.com

Help Desk: http://www.f6publishing.com/helpdesk

lished by this Open-Access journal are distributed 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
Full instructions are available online at http://www.
wignet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

v

August 28, 2017 | Volume 23 | Issue 32 |




W J

World Journal of
Gastroenterology

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

DOI: 10.3748 / wjg.v23.i32.5829

World | Gastroenterol 2017 August 28; 23(32): 5829-5835

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

EDITORIAL

Role of tissue microenvironment resident adipocytes in

colon cancer

Maria Tabuso, Shervanthi Homer-Vanniasinkam, Raghu Adya, Ramesh P Arasaradnam

Maria Tabuso, Ramesh P Arasaradnam, Department of Gastro-
enterology, University Hospitals Coventry and Warwickshire,
Clifford Bridge Road, Coventry CV2 2DX, United Kingdom

Shervanthi Homer-Vanniasinkam, Raghu Adya, Ramesh P
Arasaradnam, Warwick Medical School, University of Warwick,
Coventry CV4 7AL, United Kingdom

Shervanthi Homer-Vanniasinkam, Leeds Institute of Car-
diovascular and Metabolic Medicine, Faulty of Medicine and
Health, University of Leeds, Leeds LS2 9JT, United Kingdom

Shervanthi Homer-Vanniasinkam, Division of Surgical and
Interventional Sciences, UCL Medical School Building, 21
University Street, London WC1E 6AU, United Kingdom

Ramesh P Arasaradnam, Applied Biological and Experimental
Sciences, University of Coventry, Coventry CV1 5FB, United
Kingdom

Author contributions: Tabuso M wrote the manuscript,
performed the literature search and contributed to intellectual
content of the manuscript; Homer-Vanniasinkam S contributed
to intellectual content; Adya R contributed to intellectual design
and content of the manuscript, wrote the editorial, performed
literature search and has given final approval of the final version;
Arasaradnam RP contributed to intellectual content and critically
revised the manuscript.

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

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. Raghu Adya, Warwick Medical

Baishidenge ~ WJG | www.wjgnet.com

School, University of Warwick, Coventry CV4 7AL,
United Kingdom. r.adya@warwick.ac.uk
Telephone: +44-2476-573539

Received: March 28, 2017
Peer-review started: April 1, 2017
First decision: May 5, 2017
Revised: June 25, 2017

Accepted: August 1, 2017

Article in press: August 2, 2017
Published online: August 28, 2017

Abstract

Colorectal cancer (CRC) is a multifactorial disease
characterized by several genetic and epigenetic
alterations occurring in epithelial cells. It is increasingly
recognized that tumour progression is also regulated
by tumour microenvironment (TME). The bidirectional
cross-talk between tumour resident adipocytes and
cancer cells within TME has been proposed as active
contributor to carcinogenesis. Tumour resident adi-
pocytes exhibit an activated phenotype characterized
by increased secretion of pro-tumorigenic factors
(angiogenic/inflammatory/immune) which contribute
to cancer cell proliferation, invasion, neoangiogenesis,
evasion of immune surveillance and therapy resistance.
Furthermore, adipocytes represent a fuel rich source
for increasing energy demand of rapidly proliferating
tumour cells. Interestingly, a relationship between
obesity and molecular variants in CRC has recently
been identified. Whether adipose tissue promotes
cancer progression in subsets of molecular phenotypes
or whether local tissue adipocytes are involved in
inactivation of tumour suppressor genes and/or acti-
vation of oncogenes still needs to be explored. This
editorial highlights the major findings related to cross-
talk between adipocytes and colon cancer cells and
how local paracrine interactions may promote cancer
progression. Furthermore, we provide future strategies
in studying colonic TME which could provide insights in

August 28, 2017 | Volume 23 | Issue 32 |



Tabuso M et a/. Tumour resident adipocytes in colon cancer

bidirectional cross-talk mechanisms between adipocytes
and colonic epithelial cells. This could enable to
decipher critical signalling pathways of both early
colonic carcinogenesis and cancer progression.

Key words: Tumour resident adipocytes; Dysfunctional
adipocytes; Adipose tissue; Cancer cell-tumour resident
adipocyte cross-talk; Colon cancer microenvironment

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The tumor microenvironment (TME) has been
implicated in cancer progression and chemoresistance.
Adipocytes are active components of the TME. Bidire-
ctional cross-talk between adipocytes and cancer cells
has recently been postulated to actively contribute to
tumor initiation and progression. This Editorial highlights
the role of local paracrine interactions between adi-
pocytes and colon cancer cells. Discovery of signalling
pathways activated by tumor resident adipocytes in colon
cancer will allow better understanding of carcinogenesis
and provide potential therapeutic targets.

Tabuso M, Homer-Vanniasinkam S, Adya R, Arasaradnam
RP. Role of tissue microenvironment resident adipocytes in
colon cancer. World J Gastroenterol 2017; 23(32): 5829-5835
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i32/5829.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
32.5829

INTRODUCTION

Colorectal carcinogenesis is multifactorial involving
interactions between genetic mutations (APC, TP53,
PI3K, KRAS, BRAF, PTEN), microsatellite instability,
chromosomal instability, epigenetic alterations
(locus-specific CpG island methylation, global DNA
hypomethylation)™ and environmental factors
(obesity, diabetes, metabolic syndrome, intestinal
microbiome)'”. Moreover the importance of “field
cancerisation” has been highlighted in terms of cancer
development in the macroscopically normal colon®™.
Epidemiologic studies support an association between
high BMI and colorectal cancer (CRC) incidence and
mortality™. Adipose tissue has been recognised as a
major endocrine organ, secreting adipokines (leptin,
adiponectin, visfatin), growth factors and immune/
inflammatory/angiogenic factors [tumour necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), IL-8 and
vascular-endothelial-growth-factor (VEGF)] involved
in the regulation of systemic energy and metabolic
homeostasis. Altered adipose tissue secretion of
such factors has been implicated in dysregulation of
inflammatory and immune responses leading not only
to systemic low-grade inflammation and metabolic
dysfunction, but also to local tissue inflammation
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contributing to cancer progression™.

The tumour microenvironment (TME) comprising
stromal cells (adipocytes, macrophages, fibroblasts,
monocytes, neutrophils, infiltrating immune T-cells
and B-cells) and extracellular matrix is a fertile soil
for cancer cells. Increasing evidence suggests that
paracrine bi-directional cancer cell-stromal cell cross-
talk is a key driver not only of local inflammation, but
also activation and recruitment of immune cells, neo-
angiogenesis and extracellular matrix remodelling. This
in turn contributes to cancer cell proliferation, invasion
and migration™,

This Editorial highlights the contribution of adipose
tissue secreted factors in colon cancer progression with
a focus on bidirectional cross-talk between adipocytes
and colon cancer cells.

ANATOMIC AND MOLECULAR
RELATIONSHIP BETWEEN ADIPOCYTES
AND CRC

The mesentery, constituted by loose connective tissue
and adipocytes, is the primitive envelope of the colon.
Therefore, the colon lies in close proximity to adipose
tissue depots. Submucosal distribution of adipocytes
has also been reported”’, although the presence and
proportion of submucosal fat in normal colonic wall is
not well known. Increased submucosal fat deposition
is @ known characteristic of inflammatory bowel
disease®. However, this has also been described in
subjects without intestinal pathology™. Understanding
normal colonic wall histology is essential in order
to appreciate the close spatial relationship between
adipocytes and colonic epithelial cells, progenitor cells
of CRC.

Recently, an interesting area of research termed
“molecular pathologic epidemiology” (MPE) has detected
epigenetic modifications associated with obesity,
providing insights into the relationship between obesity
and molecular variants in CRC™'?. It has been proposed
that microenvironment-derived signals trigger heritable
genetic changes within cancer cells, contributing to
tumour evolution™", Studies in breast cancer, suggest
that bidirectional interactions induce sequential
epigenetic modifications in both cancer and stromal
cells with progression from in situ ductal carcinoma to
invasive carcinoma?. Epigenetic modifications induced
by tumour resident adipocytes in colon cancer cells
have not been reported, although MPE studies have
identified a relationship between obesity and molecular
variants in CRC™”,

DYSFUNCTIONAL ADIPOCYTES AND
CANCER

The main component of adipose tissue is white adipose
tissue (WAT). Expansion of WAT is consequence of
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Table 1 Role of adipocyte secreted factors and metabolites and signalling pathways

AT secreted factors Function Signalling pathway Ref.
TNF-a Pro-inflammatory, PI3K, NF-kB Pikarsky ef al™”, 2004
cell proliferation, anti-apoptotic, angiogenetic Huang et al"®!, 2009
Viatour et al™, 2005
IL-6 Pro-inflammatory, cell proliferation and anti- apoptotic JAK/STAT3 Hodge DR et al®”, 2005
Leptin Promotion of cell survival, proliferation, differentiation, JAK/STAT, PI3K, MAPK Hefetz-Sela et al™, 2013
pro-inflammatory Hoda et al™, 2007
Adiponectin Anti-inflammatory, anti-proliferative and pro-apoptotic ~ Inhibition of PI3K, AMPK/mTOR,  Hefetz-Sela et al**, 2013

effect
Visfatin
and migration

Lipid peroxidation products Promotion of cell proliferation, differentiation, survival,

migration, angiogenesis

Pro-inflammatory, angiogenic, promotion of cell survival

JAK/STAT3, NF-xB
ERK/MAPK, PI3K/AKT, NF-«B,
Bl-integrin
PI3K/AKT/mTOR
NF-«B, PPAR, MAPK

Adya et al™, 2008
Huang et al™, 2013
Ayala et al™ 2014

PI3K: Phosphoinositide 3-kinase; NF-kB: Nuclear factor-kappa B; JAK/STAT3: Janus kinase/signal transducers and activators of transcription 3; MAPK:
Mitogen-activated protein kinases; AMPK: AMP-activated protein kinase; mTOR: Mammalian target of rapamycin; HIF-1a: Hypoxia-inducible factor
1-alpha; TNF-o.: Tumor necrosis factor alpha; IL-6: Interleukin-6; AKT: Protein Kinase B; ERK: Extracellular signal-regulated kinase; PPAR: Peroxisome

proliferator-activated receptors.

an increase in size (hypertrophy) and/or increase
in number (hyperplasia) of adipocytes. Healthy
adipose tissue expansion consists in hypertrophic
and hyperplastic white adipocytes, with appropriate
angiogenic response, extracellular matrix remodelling
and minimal inflammation. In contrast, pathological
expansion of adipose tissue consists of adipocytes
hypertrophy resulting in hypoxia, reduced angi-
ogenesis, infiltration of macrophages and immune
cells, low-grade inflammation, excessive production
of reactive oxygen radicals, endoplasmic reticulum
stress, mithocondrial dysfunction and remodelling of
extracellular matrix!*?',

Inflammation is a recognised hallmark of cancer
and pre-existing pro-inflammatory microenvironments
are associated with increased cancer risk™. Increasing
evidence, in breast, prostatic, ovarian and colon cancer,
suggests that dysfunctional adipocytes are involved
in cancer cell proliferation and migration through
dysregulation of local and systemic inflammatory-
immune-angiogenic response system™®, Inflammation
is initiated by adipose tissue hypertrophy leading to
localized hypoxia which activates hypoxia-inducible
factor 1-alpha (HIF-1a). HIF-1o up-regulates secretion
of chemokines and proangiogenic factors including
TNF-a, IL-6, IL-1, monocyte chemoattractant protein
(MCP-1), plasminogen activator inhibitor-1 and VEGF,
which are involved in the recruitment of macrophages
and initiation of angiogenesis. Recruited macrophages
contribute further to up regulation of inflammatory/
immune cytokines favouring the acquisition of a sys-
temic and local inflammatory phenotype!™®’.

ROLE OF AT SECRETED FACTORS AND
LIPID METABOLITES IN COLON CANCER

The adipose tissue secreted factors, lipid metabolites
and signalling pathways have been summarized in
Table 1.
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TNF
TNF-a, secreted by dysfunctional adipose tissue,
has been shown to support cancer cell proliferation,
angiogenesis and metastasis through activation of
key transcription factors, including PI3K/AKT/mTOR
and nuclear transcription factor NF-xB™"" ), TNF-q
and hypoxic conditions also induce secretion of the
proinflammatory cytokine IL-6, activator of Janus
Kinase and signal transducers and activators of
transcription 3 (Jak/STAT3) pathways, key regulators
of cell proliferation and apoptosis®®”..

Adipocyte secreted hormones, including leptin,
adiponectin and visfatin, have also been implicated in
colon cancer progression (Figure 1).

Leptin

Leptin is a potent inflammatory agent involved in up
regulation of pro-inflammatory cytokines such as TNF-a,
MCP-1, and reactive oxygen species from endothelial
cells and peripheral blood mononuclear cells®", In vitro
studies, in colon cancer cell lines, have demonstrated
that leptin exerts pro-inflammatory, mitogenic, anti-
apoptotic and angiogenic propertiest®>#,

Adiponectin

Adiponectin has a potent anti-inflammatory, anti-
proliferative and pro-apoptotic activity. However,
proliferative and pro-inflammatory properties of
adiponectin on colonic epithelial cancer cells have also
been reported. Several studies suggest local-paracrine
pro tumorigenic effects of adiponectin according to
tissue-specific expression of its receptor subtypes
(ADIPOR1 and ADIPORZ2). Increased AdipoR1 and
AdipoR2 expression has been associated with cancer
progression linked with the pro-angiogenic activity of
adiponectin®?*,

Visfatin
Visfatin has been shown to exhibit pro-inflammatory
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Colon cancer microenvironment
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Tumor resident adipocyte
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Figure 1 Signalling pathways activated by tumour resident adipocytes secreted factors. Tumour resident adipocytes secreted factors activate cell cycle
regulators and inflammatory/immune/angiogenic regulators. Cancer cell secreted inflammatory cytokines activate host cells of TME constituting a paracrine/autocrine
loop. MAPK: Mitogen-activated protein kinases; PI3K: Phosphoinositide 3-kinase; AKT: Protein Kinase B; mTOR: Mammalian target of rapamycin; NF-«xB: Nuclear
factor-xB; JAK/STAT3: Janus kinase/signal transducers and activators of transcription 3; HIF-1c.: Hypoxia-inducible factor 1-alpha; TNF-a.: Tumor necrosis factor

alpha; IL-6: Interleukin-6.

and pro-angiogenic effects in endothelial cells!®!.

Studies have demonstrated a role of visfatin in CRC.
CRC cells express chemokine receptors (CXCR4 and
CXCR?7), activated by visfatin, which bind stromal cell-
derived factor-1, promoter of survival and migration of
cancerous cells®®,

Lipid peroxidation products

The chronic low-grade inflammatory state of
dysfunctional adipocytes leads to activation of lipid
peroxidation with the production and secretion of
4-hydroxy-2-nonenal (4-HNE) and malondialdehyde.
The secreted 4-HNE is responsible of deregulation of
multiple pathways involved in tumour cell proliferation,
differentiation, cell survival, migration, apoptosis and
angiogenesis including MAPK, PI3K-AKT-mTOR, NF-«B.
This also results in upregulation of prostaglandin E2
(PGE2) and cyclooxygense-2, implicated in CRC'*”.,

ACTIVATED PHENOTYPE OF TUMOUR
RESIDENT ADIPOCYTES AND LOCAL
PARACRINE REGULATION OF COLON
CANCER

Recently great interest has emerged in reciprocal
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signalling between tumour resident adipocytes and
cancer cells. CRC progresses through sequential
stages involving multiple layers of the colonic wall.
TNM staging system is currently used for classifying
CRC in 4 stages according to local invasion depth
(T stage), lymph node involvement (N stage) and
presence or absence of distant metastasis (M stage),
providing indication for prognosis and therapeutic
strategies. With cancer progression activation of
complex signalling networks modify both cancer
cells and stromal cells®®®!. Cancer cells and activated
stromal cells communicate by autocrine/paracrine
pathways contributing to dynamic modulation of TME
through persistent recruitment of inflammatory and
stromal cells in the TME. As a result, TME becomes
increasingly populated with infiltrating innate immune
cells (macrophages, neutrophils), adaptive immune
cells (T and B lymphocytes) pericytes and stem cells
contributing to cancer cell proliferation and invasion
(Figure 2).

Adipocytes located in close proximity to tumour
invasive front are reprogrammed by cancer cells
into activated fibroblast-like cells. Tumour resident
adipocytes exhibit morphological and functional
modifications, known as adipocyte dedifferentiation,
consisting in size reduction, due to enhanced lipolytic
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Figure 2 Colon cancer progression and tumour microenvironment. Bi-directional cross-talk between host cells of tumour microenvironment (TME) contributes
to colon cancer progression. Activated tumour resident adipocytes increase secretion of cytokines, growth factors, adipokines and release lipid metabolites promoting
colon cancer cell proliferation and migration. Cancer cells secrete inflammatory factors which repopulate TME, further enhancing cancer cell proliferation. Tis:
carcinoma in situ; T1: Tumour invades submucosa; T2: Tumour invades muscularis propria; T3: Tumour invades through muscularis propria into pericolorectal tissues;

T4a: Tumour penetrates to the surface of the visceral peritoneum; T4b: Tumour directly invades or is adherent to other organs or structures.

activity, decreased adipocyte-differentiation markers
(adiponectin, resistin, fatty acid binding protein-4,
adipocyte protein 2), and increased secretion of
inflammatory factors (IL-6, IL-8, IL-1 B, TNF-a), growth
factors (insulin-like growth factor 1, IGF1 binding
proteins), angiogenic factors (VEGF) and MCP-1
(CCL2)M™3, In vitro studies, in breast and prostate
cancer, have demonstrated that tumour resident
adipocyte secreted factors activate signalling pathways
involved in cancer cell survival, proliferation, invasion,
epithelial to mesenchimal transition, angiogenesis
and extracellular matrix remodelling, promoting cancer
initiation and metastasis">*?. Active recruitment of
adipocytes to TME has not been reported, although
it has been reported that bone marrow derived
mesenchymal stem cells (progenitors of adipocytes)
may be recruited to specific sites of neoplasia inducing
metastatic properties”®. An open question is whether
adipose tissue promotes cancer progression in subsets
of molecular phenotypes or whether local tissue
adipocytes are involved in inactivation of tumour
suppressor genes and/or activation of oncogenes
(Figure 3).

Adipocytes serve as a fuel rich source for increasing
energy demand of rapidly proliferating tumour cells.
Advanced stages of gastrointestinal malignancies
often present with cancer-associated-cachexia as
a result of lipolysis induced by cancer cells. Studies
have described increased lipid droplets in colon
adenocarcinoma and it has been implicated in PGE2
synthesis. Inhibition of lipid droplet formation by fatty
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acid synthase inhibitors reduces cancer cell proliferation
in vitro, suggesting a role of lipid droplets in colon
adenocarcinoma®™.

Metabolic and transcriptomic expression profile and
direct paracrine effects of tumour resident adipocytes
in colon cancer have not been evaluated. We have
preliminary data (unpublished) indicating increased
expression of pro-inflammatory/immune/angiogenic
factors in colon cancer resident adipocytes, isolated
from paraffin embedded sections using laser micro
dissection system, compared to adipocytes isolated
from the distal non neoplastic mucosa.

TME signalling pathways have recently been
implicated in inducing chemoresistance in breast and
prostate cancer”". There is also evidence, in colon
cancer cell lines, that leptin inhibits cytotoxic effects of
5-fluorouracil®?.

Novel strategies in studying TME

Two dimensional (2D) cell culture models, widely
used in basic science research, do not reproduce
the complex interactions between host cells of
TME. Recently, three-dimensional (3D) organoid
models, derived from mouse and human intestinal
tissue ex vivo, have been described. These in vitro
organ-like cultures reproduce intestinal tissue micro-
environment. Furthermore, they can be co-cultured
with stromal components®®!. Reproduction of colonic
microenvironment in vitro will allow to decipher ex
vivo bidirectional cross-talk mechanisms between
adipocytes and colonic epithelial cells.
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Figure 3 Paracrine interactions between dysfunctional adipose tissue, colon cancer cells and normal epithelial cells. Dysfunctional adipose tissue induces
recruitment of macrophages and lymphocytes creating a favourable microenvironment for tumour initiation and progression. We propose that dysfunctional adipocytes
may induce epigenetic mutations in neighbouring epithelial cells. Adipocyte activation and recruitment signals from colon cancer cells are not known.

CONCLUSION

The bidirectional cross talk between tumour resident
adipocytes and colon cancer cells contributes to the
progressive evolution of tumour microenvironment
and cancer progression. It is therefore important to
decipher the metabolic and transcriptomic expression
profiles of colon cancer resident adipocytes in different
stages of tumour progression. Colon organoid cultures
combined with adipocytes and/or tumour resident
adipocyte secreted factors will allow to identify critical
signalling pathways of both early colonic carcino-
genesis and cancer progression providing diagnostic
biomarkers and novel therapeutic targets for colon
cancer.
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