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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 incdlude 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.

Key words: Pancreatic Cancer; MicroRNA; Histone
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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.
World J Clin Oncol 2017, 8(3): 178-189 Available from: URL:
http://www.wjgnet.com/2218-4333/full/v8/i3/178.htm DOI:

http://dx.doi.org/10.5306/wjco.v8.i3.178

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 (I or IV)!". 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''l. 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™, 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%". Even patients
who are eligible for surgical treatment with tumor free
margins often experience recurrence and eventually
require palliative treatment!”®!. 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)
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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®®'?,

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 angiogenesist'*,

The dysregulation of microRNAs is another factor
involved in cancer progression®*®!, MicroRNAs (miRNA
or miR) are noncoding endogenous RNAs that regulate
protein expression. Accumulating data show important
relationships between dysregulated miRNAs and can-
cer'®*!, 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
cancert®. There are many oncogenic microRNAs (e.g.,
miR21) that have been reported to play a role in cancer
progression>?®, Furthermore, the decreased expression
of tumor suppressor miR200 family has been associated
with PC progression™**,

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***®, 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***, 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.

for the detection of PC at the resectable stage™.

PC TYPES

PC BIOMARKERS

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!*’. 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)P,

PC squamous subtype is characterized by four core
genes programs involved in inflammation, hypoxia
response, metabolic reprogramming, transforming growth
factor-g (TGF-B) signaling, autophagy, and upregulated
expression of TP63AN and its target genes®". 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-o. (HNF4A),
hepatocyte nuclear factor-1- (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’®**!, 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!®. 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®",

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 cydin-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™>*®. In a study performed by Vasen et al*®, 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®®®..
Based on the surveillance, it was determined that PRLs
were more frequent in patients with FPC than those with
CDKN2A/p216-Leiden mutation™. 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%)". Overall, the study demonstrated that the
surveillance of CDNK2A mutation carriers was successful
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PC is generally diagnosed when approximately 30% of
patients present a locally advanced disease™. 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™>*"~%.

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**!, An additional PC marker could be
the leptin receptor, OB-R, which has been detected in PC
cell lines™*”, 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 patientst*®.

Likewise, it has been proposed that the detection
of PC cells in blood could be used as a surrogate for PC
detection™**?, 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™,

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 -
V)™, HDAC are also classified into two major types:
Sirtuins (SIRT) and dlassical HDAC. Classical HDAC include
Classes I, II, and IV, whereas the sirtuins comprise
Class IM™**" (Table 1). HDAC classes I, I, and IV
are zinc dependent metalloproteins, while class III are
nicotinamide adenine dinucleotide (NAD") dependent
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Table 1 Classification of classical histone deacetylases

Class Members Cellular localization Function in cancer!'®'*#5-461041 Substrates'****1%*]

1 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
HDACS8 Nucleus Proliferation and anti-differentiation ERRa, Inv (16), and CREB

A HDAC4 Nucleus/cytoplasm Angiogenesis and anti-differentiation GCMa, GATA-1, and HP-1
HDAC5 Nucleus/cytoplasm Anti-differentiation Smad?7, HP-1, and GCMa
HDAC?7 Nucleus/cytoplasm Angiogenesis and migration FLAG-1, and FLAG-2
HDAC9 Nucleus/cytoplasm Cell survival ATDC (TRIM29)

B HDAC6 Cytoplasm Angiogenesis and migration Alpha-Tubulin, HSP-90, SHP, Smad?7

HDACI10 Cytoplasm Angiogenesis HSP90
v HDACI11 Nucleus/cytoplasm Tumor immune response OX40L

HDAC: Histone deacetylases.

enzymes'™, Class I HDAC family consists of HDAC 1, 2,
3, and 8. These enzymes are mainly located in the cellular
nucleus. Class T HDAC family is divided into two groups
- Classes I A and II B. 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™*. Subclass II A HDAC family
consists of HDAC 4, 5, 7, and 9; while subclass II B
consists of HDAC 6 and 10. HDAC Class IV is only made
of HDAC11 that is mainly located in the nucleus. Class
I is composed of SIRT1, SIRT2, SIRT3, SIRT4, SIRTS5,
SIRT6, and SIRT7, which are located in the nucleus,
cytoplasm, and mitochondria®®. Due to the role of HDAC
in epigenetic regulations and their effect on chromatin
structures, many studies have found them linked to
cancer progressiont®***“!, The dlassical 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)""*.

Vorinostat was the first FDA approved anti-HDAC
drug™’“®=! 1t is a hydroxamic acid based drug that
inhibits Class I, 11, 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)™****, The second FDA approved HDAC
inhibitor drug is Romidepsin, which was effective in phase
II dinical trials when used with gemcitabine for treatment
of advanced PC******, 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 GO/G1 or S phase transition™*%,
Additionally, positive results in the treatment of PC have
been reported with the use of benzamide derivative
HDAC inhibitor (Class I HDAC inhibitor MGCD0103)
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selective for Class I and IV HDAC™. 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™.

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™”**%, 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"" and miR21™°*! 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™®. Furthermore, decreased expressions of
miRNA34%% and miR200"” family have been associated
with PC progression.

A study found that oncogenic miR21 was expressed
in the early stage of PA®®. 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'.,
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)**. In vitro studies sug-
gested that miR200c expression was related to low cancer
invasion®®. MiRNA200 activities include inhibition of
epithelial-mesenchymal-transformation (EMT), repression
of cancer stem cell (CSC) self-renewal and differentiation,
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Figure 1 llluminaHiSeq miRNA expression of tumors tissues biopsies
from pancreatic cancer patients. The data sets used were generated from
the the Cancer Genome Atlas Database". 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).

modulation of cell division and apoptosis, and involvement
in chemoresistance. High level of miR200c correlated
to better survival rates™®®; however, miR200a and
miR200b, were hypomethylated and overexpressed in
PC'®!, It has been suggested that targeting miRNA200
upregulation could improve PC prognosis if used together
with the chemotherapeutic drug gemcitabine. 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-kB DNA binding activity,
and induction of PTEN™,

Transcriptor factor ZFH family (ZEB1 and ZEB2)™”
represses the expression of epithelial genes. miR200
members increased Notch activation by ZEB1 that regulates
the expression of Jaggedl and the mastermind-like
coactivators Maml2 and Mami3. Moreover, in PC and breast
cancer cells, decreased miR200 expression was associated
with increased Jagl and ZEB1 levels™®. 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“‘”. In turn, ZEB1 suppresses the expression
of miR200 family, which inhibits the translation of ZEB1
mMRNA, resulting in the double-negative ZEB/miR200
feedback loop™®. Additionally, in lung cancer Jagged2
inhibits the expression of miR200 family by induction
of GATA transcription factors, which promotes tumor
metastasis”’..

We preliminarily analyzed PC biopsies using TCGA
databank”. 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.
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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)"?. 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™. A highly
tumorigenic PCSC population (CD24"CD44*ESA*) was
described in PC for the first time by Li et a”* in a xenograft
human model. PCSC are resistant to chemotherapy and
contribute to tumor initiation, growth and metastasis'*..
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'’>..

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
markert”*””1, C-Met* PCSC showed similar tumorigenic
capacity as CD24"CD44"ESA" population”®®. C-Met is a
heterodimer that consist of an extracellular o-chain bound
through a disulphide bridge to a transmembrane p-chain™’.
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"”..
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, PLC/L,
STAT3, Ras GTPase, and PI3K9"?!, 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 ALDH17%#!, However,
in a study c-Met” PCSC produced tumors in 35% of cases
when compared to PCSC CD133" (16%) and CD44" (25%)
of cases”*®",

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 a/®**' 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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using an exogenous peptide ligand greatly increased the
percentage of PCSC and formation of tumorspheres®.

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”>”®,

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’"**®*!. Several
studies have examined the impact that obesity has on
the overall survival rate of PC patients®®. 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®®®!, In another study, Sandini et af*® 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® and
non-sarcopenic obesity®®” 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™. 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™!. 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®”.

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®"%,
Leptin is a small cytokine secreted by adipose tissue that
is coded by the obese (0b) gene. Leptin has been the
most studied adipokine since it was first cloned in 1994%,
Leptin is an adipokine that regulates appetite, energy
intake and expenditure. Leptin plays many roles, some of
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which involve regulation of glucose homeostasis, growth
response, reproduction and immune response®”. The
level of circulating leptin is proportional to total body fat.
Obese patients exhibit high circulating levels of leptin due
to leptin resistance™®. 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*,

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)***. Both the long and
short isoforms of OB-R are expressed in PC cell linest.
Moreover, PC cells secreted leptin and expressed OB-R,
which indicates a leptin autocrine/paracrine signaling loop
could also affect tumor progression®®’, The binding of
leptin to OB-R activates a cascade of events that promotes
tumor progression and cancer cell survival®***4, 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
AM PK)[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™”. In
another study, Mendonsa et aff” 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), ABCBL1 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®®,

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

June 10, 2017 | Volume 8 | Issue 3 |



Tchio Mantho CI et a/. Pancreatic cancer and leptin crosstalk

Protein

Protein
(ligand)

Protein
(receptor)

Protein
(transcription factor)

Protein
(transporter)

Protein
(non-coding RNA)

1>=0—=¢ 0

—@®—— Binding

—— —> Direct regulation
——ll—> Expression
~——  ——= Mol transport
——@—=> Prot modification

» Regulation

—— —> miRNA effect

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
Deacetylases Class IIA; HDAC 6,10: Histone Deacetylases Class 11B; HDAC11: Histone Deacetylase Class IV. MiR200a, miR200b, and miR200c: Tumor Suppressors
MicroRNA; MiR21: Oncogenic MicroRNA. CD24, CD44, ALDH1A1, ABCB1, MET, and EPCAM: Pancreatic Cancer Stem Cell Markers. HGF: Hepatocyte growth factor
cytokine; LEP: Leptin adipokine; LEPR: Leptin receptor. Data generated from Pathway Studio (Pathway Studio — web; Ariadne Genomics, Inc.). Genes were analyzed
by Pathway Studio 11 software (Elsevier, Inc., Atlanta, GA, United States) for disease, cellular processes and miRNA interactions. Only genes that had a P value of
0.05 were reported in this study. Specific references supporting these relationships are shown in Supplemental Table 1. References found by Pathway Studio were
exported into an Excel file, column D, that contains the PMID number for the citations.

function or deficient leptin transport. Leptin is a known found to increase the expression of miR21 while the
proliferation factor for cancer™*3'%®, Analysis of data tumor suppressors miR200a, miR200b, and miR200c
from Pathway Studio Platform shows that leptin signaling decrease the expression of OB-R. Interestingly, these
could promote PC through crosstalk mechanisms that tumor suppressors could also interact with some of PCSC
involve PCSC, classical HDAC, oncogenic microRNA21, markers (Met, ABCB1, CD44), which decrease their
and tumor suppressor microRNA200a/b/c (Figure 2 and expression. In contrast, oncogenic miR21 increases the
Supplemental Table 1). expression of ALDH1, ABCB1 and CD44 markers. With
A relationship between leptin signaling and miR21 in regard to the classical HDAC, only HDAC5 and HDAC4
cutaneous wound healing was earlier reported®®. The  were reported to be directly regulated by leptin signaling
expression of miR21 and miR200 was previously linked to (Figure 2). However, leptin signaling could indirectly
leptin hypothalamic signaling™®®*®”, It was shown that affect the expression of some of HDAC via microRNA
the use of a pegylated leptin antagonist predisposed the or PCSC markers. Further analysis suggests that leptin
rats to obesity and promoted leptin resistance in the both increases the expression of miR21, which, in tumn, could
hypothalamus and liver. RT-PCR data from these studies increase the expression of HDAC3. The combined action
showed that miR200 was upregulated in rats treated of these factors could promote cancer proliferation and
with leptin antagonist™®. Additionally, miR21 (oncogenic) the expression of an anti-differentiation phenotype (Sup-
and miR200 (tumor suppressor) have been shown to plemental Table 1).
affect PC progression?®®®!, The potential relationships Our published data show that leptin increased PCSC
between leptin signaling and miR21 and miR200a/b/c populations that correlated with growth of PC tumorspheres
regulation in PC are shown in Figure 2. Leptin signaling and resistance to gemcitabine®®?, Furthermore, leptin
is involved in the crosstalk to many important oncogenic induced PCSC populations (CD24*CD44'ESA*, CD133",
and tumor suppressor molecules. Previous studies ALDH") in MiaPaCa-2 PC cells. Additionally, in Panc-1 cells,
have determined that leptin increases the expression of leptin increased mostly CD133" PCSC. Moreover, leptin
PCSC markers ALDH1 and CD44. Leptin has also been increased ABCBL1 (an ATP Binding Transporter Protein linked
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Figure 3 Leptin effects on pancreatic cancer stem cells and histone
deacetylases in pancreatic cancer tumorspheres. Representative cartoon
of the effects of leptin on PC cells in vitro. Leptin induced the expression
of PCSC markers (CD24/CD44"/ESA", CD133" and ALDH1"). Leptin also
increased the levels of ABCB1 [P-glycoprotein 1 or multidrug resistance
protein 1 (MDR1) or ATP-binding cassette sub-family B member 1], which
is involved in chemoresistance. Additionally, leptin induced the expression
of HDAC type | (HDAC 2, 3 and 8). Leptin attenuates the cytotoxic effects
of gemcitabine on PC. PC cells were cultured in low attachment plates
containing mammocult media (Stem Cell Technol.), which allow the growth of
tumorspheres. The tumorspheres were treated for 6 d with leptin (1.2 nmol/L),
IONP-LPrA2 (a leptin antagonist bound to iron oxide nanoparticles; 0.0072
pmol/L), and gemcitabine (2 umol/L). PC viability, PCSC markers and HDAC
expression were determined by flow cytometry. Experiments were repeated
three times'™**"*%,

to chemoresistance) expression in PC tumorspheres®.

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!'®**%%,
Intriguingly, high expression of HDAC Class I and 1I 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"*'%*, 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 HDACS 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
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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 humber
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)”" 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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