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Gastroenterological cancers are the most common cancers categorized by systems and are estimated to comprise 18.4% of all
cancers in the United States in 2017. Gastroenterological cancers are estimated to contribute 26.2% of cancer-related death in
2017. Gastroenterological cancers are characterized by late diagnosis, metastasis, high recurrence, and being refractory to current
therapies. Since the current targeted therapies provide limited benefit to the overall response and survival, there is an urgent need for
developing novel therapeutic strategy to improve the outcome of gastroenterological cancers. Immunotherapy has been developed
and underwent clinical trials, but displayed limited therapeutic benefit. Since aberrant expressions of miRNAs are found in
gastroenterological cancers andmiRNAshave been shown to regulate antitumor immunity, the combination therapy combining the
traditional antibody-based immunotherapy and novel miRNA-based immunotherapy is promising for achieving clinical success.
This review summarizes the current knowledge about the miRNAs and long noncoding RNAs that exhibit immunoregulatory
roles in gastroenterological cancers and precancerous diseases of digestive system, as well as the miRNA-based clinical trials for
gastroenterological cancers. This review also analyzes the ongoing challenge of identifying appropriate therapy candidates for
complex and dynamic tumor microenvironment, ensuring efficient and targeted delivery to specific cancer tissues, and developing
strategy for avoiding off-target effect.

1. Introduction

Gastroenterological cancers are most common cancers cate-
gorized by systems and are estimated to comprise 18.4% of
all cancers in the United States in 2017 [1]. Gastroentero-
logical cancers constitute a leading cause of cancer-related
deaths, contributing 26.2% of estimated cancer death in 2017.
Colorectal cancer, liver and intrahepatic bile carcinoma, and
pancreatic cancer continue to be ranked as three of the top
10 cancers with the largest number of new cases and deaths
[1]. Most gastroenterological cancers, especially hepatocel-
lular carcinoma and pancreatic cancer, are characterized by
latent disease course, metastasis, high recurrence, and being

refractory to current therapies.Therefore, gastroenterological
cancers are often associated with poor prognosis.

With better understanding of molecular mechanisms of
carcinogenesis, cell self-renewal and uncontrolled growth,
metastasis, and other landmarks of cancer, progress has been
made in developing and obtaining FDA approval of biological
therapies targeting oncogenic signaling driver molecules
including vascular-endothelial growth factor (VEGF) and
its receptor VEGF-R [2], epidermal growth factor receptor
(EGFR) [3], and human epidermal growth factor receptor-
2 (HER2/Neu) [4]. The monoclonal antibodies antagonizing
these cell growth driver molecules have achieved improved
response rate (RR), progression-free survival (PFS), and
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overall survival (OS), demonstrating varying levels of success
in colorectal and gastroesophageal cancers. However, the
response is not durable and resistance is almost inevitably
developed due to both innate and acquired mechanisms
[5]. Gemcitabine, a standard treatment choice for advanced
pancreatic cancer, produces only modest effect on survival
(5.65 months versus 4.41 months) [6]. The very limited
clinical efficacy is attributed to poor cell uptake of the drug,
dense fibrous tumor stroma, and the development of gemc-
itabine resistance [7]. Sorafenib, amultikinase inhibitor, is the
only FDA-approved drug for metastasized HCC, improving
overall survival by only 2.8 months [8]. Since the current
therapies provide limited benefit to the overall response and
survival and are susceptible to resistance development, there
is pressing need for developing novel therapeutic strategies to
improve the outcome of gastroenterological cancers.

The aberrant expressions of genetically or epigenetically
altered proteins in cancers produce cancer specific anti-
gens. Since the cancer specific antigens were discovered in
melanoma in 1990s, cancer immunotherapy has become a
promising treatment strategy that deliberately uses the acti-
vated innate immunity and cancer specific adaptive immu-
nity to reject tumors and preventmetastasis and reoccurrence
[9]. Cancer immunotherapy employing cancer peptide vac-
cine [10], adaptive T cell therapies [11], and antibodies modu-
lating regulatory T cells and achieving immunity checkpoint
blockage [12] has been extensively studied in both basic
research and clinical trials. Immunotherapy aims to induce
strong, specific, and persistent anticancer immune response
in tumor microenvironment.

It is well understood that tumors develop sophisticated
mechanisms to disarm the immune system and evade
the immune surveillance. Many cancers can produce or
induce the immune cells in tumor stroma to produce an
array of immunosuppressive cytokines including transform-
ing growth factor (TGF-𝛽) and IL-10, which inhibit the
recruitment and activation of antitumor T lymphocytes [12].
In addition, IL-6 suppresses antigen presentation ability
of dendritic cells through activation of signal transducer
and transcription activator 3 (STAT3) and attenuates CD4+
T cell-mediated immune responses [13, 14]. Furthermore,
immunosuppressive cells including Foxp3+ CD4+ regula-
tory T cells (Tregs) and myeloid-derived suppressor cells
(MDSC) in tumor microenvironments play significant roles
in suppressing anticancer immunity [15, 16]. Therefore,
immunotherapy using monoclonal antibody antagonizing
the immunosuppressive cytokines or inactivating immuno-
suppressive cells can enhance anticancer immunity and
inhibit tumor growth [17].

Immunotherapy that has achieved acclaimed clinical suc-
cess primarily targets on two immune checkpoint molecules:
PD-1/PD-L1 and CTLA4. Programmed cell death 1 (PD-1,
pdcd1) is a type I transmembrane glycoprotein belonging to
the CD28/CTLA-4 family. PD-1 is expressed on T cells in
thymus and on peripheral B and T cells [18]. PD-L1 and
PD-L2 are type I transmembrane glycoprotein and serve
as the ligands of PD-1. PD-L1 and -L2, especially PD-L1,
are extensively expressed in both lymphoid and nonlym-
phoid tissues [19, 20], suggesting that PD-1-PD-L1 pathway

regulates the immune response in lymphoid tissues as well
as in target organs. Upon binding to either PD-L1 or PD-
L2, PD-1 negatively regulates the antigen receptor signal-
ing and immune activation by recruiting protein tyrosine
phosphatase to dephosphorylate the downstream molecules
involved in B cell receptor mediated signaling [21] and T
cell activation [22]. PD-1-PD-L1 pathway plays integral role
in developing central and peripheral immune tolerance by
inhibiting proliferation andmaturation of T lymphocytes [23,
24]. PD-1 is highly expressed in tumors and a large portion
of Tumor-Infiltrating Lymphocytes (TILs), consisting of both
CD4+ Treg cells and CD8+ cells with resulting decreased
production of cytokines [25]. The expression of PD-L1 is
elevated, often responding to IFN-𝛾 [26], in a variety of
malignancies including gastroenterological cancers. PD-1-
PD-L1 axis is exploited by tumors to inhibit tumor antigen-
specific immunity and achieve tumor immunity escape [27–
34]. Higher expression of PD-L1 in cancers is usually cor-
related to poorer prognosis [35–37]. In gastroenterological
cancers, expression of PD-L1 is linked to higher 𝛼-fetoprotein
level, blood vessel invasion, and overall poor prognosis of
hepatocellular carcinoma [32, 35]. In addition, PD-L1 status
is associated with visceral metastasis and more FOXP3+ Treg
cell infiltration in gastric cancers [27]. Similarly, in cholangio-
carcinoma, PD-L1 expression is found in up to 30% patients
and is linked to worse prognosis [30, 31]. Therefore, PD-
L1 blockade can relieve tumor suppression, enhance tumor
antigen-specific immunity, and improve prognosis. The anti-
tumor activity of PD-1 blockade has been confirmed in both
animal experiment [38] and clinical trials [39], where the
tumor regression in response to PD-1 antibody treatment was
observed in refractory solid cancers including colon, renal,
and lung cancers and melanoma. It was observed that 22% of
patients with PD-L1 positive metastatic adenocarcinoma of
gastric or gastroesophageal junction showed overall response
to Pembrolizumab, the humanized antibody to PD-1 receptor
[40]. Cytotoxic T Lymphocyte Associated Antigen 4 (CTLA-
4) is a coinhibitory molecule stored in intracellular vesicles
of the naı̈ve CD4+ and CD8+ T cells located in the lymph
nodes, and it can be transported to the membrane of T cells
and inhibit the activation of näıve T cells in the priming
phase upon binding to its ligand B7 expressed on antigen-
presenting cells (APC) [41]. CTLA4 expression is elevated
by T cell activation status and an inflammatory environment
for exerting brake on immune response [42]. Ipilimumab, a
monoclonal antibody antagonizing CTLA-4, was approved
by US Food and Drug Administration in 2011 to treat
melanoma. Ipilimumab is undergoing clinical trials for other
cancers including lung, bladder, and hormone-refractory
prostate cancers.

Besides immune checkpoint blockade and immunosup-
pressive cytokine inactivation, therapeutic strategies tar-
geting on enhancing activation of nature killer cells and
macrophages, reversing the immune tolerogenic profile of
tumor microenvironment, and ablating the immunosup-
pressive tumor-associated macrophages (TAMs) have been
developed and evaluated. In addition, the low expression
of the tumor antigen-derived peptide presented on major
histocompatibility complex class I (MHC I) is a major
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reason for the limited clinical benefit of antigen-specific
cancer immunotherapy [43]. Peptide intratumor injection
has been shown to enhance tumor cell antigenicity for specific
cytotoxic T lymphocyte activity and be effective in inhibiting
tumor growth and prolonging survival time [44].

MicroRNAs (miRNAs) are a group of short (∼ 22 nt),
evolutionally conserved, single stranded noncoding RNA
molecules that regulate expression of target genes by either
cleaving mRNAs or destabilizing the translational system
through interacting with sites of imperfect complementarity
at 3’ untranslated region (UTR) of target mRNAs [45]. With
over a thousand of miRNAs present in higher eukaryotes
and with each miRNA targeting on several genes, miRNAs
can regulate the expressions of about 60% human protein-
encoding genes [46]. miRNAs are involved in various biolog-
ical processes including embryonic development [47], DNA
repair [48], cell proliferation and senescence [49], differen-
tiation [50], and apoptosis [51]. Dysregulation of miRNAs
is associated with various diseases including Schizophrenia,
obesity, alcoholism, and heart disease [52–54]. Notably, dys-
regulation of miRNA expression profiles is common in most
malignancies, and the deregulation of miRNAs may lead to
creation of favorable environment for the development of
hallmarks of cancer [55]. The regulatory roles of miRNAs in
metabolic and cellular pathways, especially those controlling
cell proliferation, differentiation, apoptosis, and survival, are
crucial to tumor initiation and progression.

Since miRNAs modulate the differentiation, activation,
and mobilization of diverse immune cells and the complex
cytokine network, miRNAs play vital roles in both innate and
adaptive immunity.miRNAs regulates innate immune system
by modulating the functions of its major players including
natural killer cells (NK), microphage, and 𝛾𝛿 T cells, as well
as the production of inflammatory cytokines and chemokines
[56]. NK cells achieve immune surveillance by cytotoxicity
and type I Interferon-𝛼 (INF-𝛼) activation. miR-27a has been
demonstrated to negatively regulate NK cells by repressing
the genes PRF1 and GZMB [57]. Also, miR-30c-1 is known to
affect the activation of NK cells by regulating the expression
of tumor necrosis factor 𝛼 (TNF-𝛼) and HMBOX1 [58].
For regulatory roles for macrophage, it was reported that
miR-511-3p modulated the inflammatory activity of tumor-
associated macrophage [59]. In addition, miR-125b has been
shown to regulate the expression of inflammatory cytokines
by repressing the expression of TNF-𝛼 in macrophage [60].
miR-19 was also reported to modulate NF-𝜅B mediated
inflammation [61]. Adaptive immunity is characterized by
specificity andmemory of the immune response produced by
the orchestrated interplay among T cell, B cell, dendritic cells,
and complex network of inflammatory cytokines. miRNAs
have been found to be involved in differentiation of B cells and
the activation of T cells and dendritic cells [62]. miR-150 and
miR-34 were found to inhibit B cells from developing from
Pro-B to Pre-B stage through the downregulating c-MYB [63]
and FOXP1 [64], respectively. Also, the expression of miR-155
was elevated in B cell precursors of lymphoblast leukemia,
suggesting that miR-155 may cause development stalk and
accumulation of pre-B cells by downregulating SHIP and
C/EBP𝛽 [65]. In addition, miRNAs have been demonstrated

to be involved in the regulation of T lymphocyte activation
and the antigen-presenting ability of dendritic cells, which
engage all other immune cells in the immune response.
miR-135b was shown to negatively regulate Th2 lymphocyte
regulator genes STAT6 and GATA3 [66]. Also, miR-140-5p,
miR-409-3p, and miR-433-3p can regulate the tumor antigen
recognition and cytotoxicity of CD8+ T lymphocytes and
NK cells by regulating the expression of ULBP1, which is
a ligand of NKG2D, an immunoreceptor found on T cells
and NK cells [67]. Furthermore, Zheng et al. reported that
the differentiation of FOXP3+CD4+ T regulatory cells and
the tolerogenic property of dendritic cells could be enhanced
by miR-23b through repressing the expression of NOTCH1
and the NF-𝜅B [67] (21406206). Moreover, microRNAs also
regulate the immune checkpoint activity. For example, miR-
155 overexpression in CD4+ T cells leads to decreased CTLA-
4 levels and the subsequent activation of T cell immune
response [68].

Since microRNAs are intricately involved in the modu-
lation of activation of innate and adaptive immunity, in the
regulation of inflammatory response and cytokine signaling,
and in the molecular trafficking and cytokine crosstalk
between the tumor and its microenvironment, miRNAs are
promising targets for developing immunotherapy against
gastroenterological cancers, for which the current targeted
chemotherapy has not provided significant clinical benefit
for overall response and survival. This review will focus on
the regulatory roles of miRNAs on the immunity of digestive
system and the antitumor immunity against gastroenterolog-
ical cancers. For each type of cancers, miRNAs possessing the
following functions will be featured: (1) directly modulating
the activation of immune cells (macrophages, CD+4 or CD+8
T cells, Tregs, NK cells, dendritic cells, etc.) and subsequently
affecting growth and metastasis of cancers; (2) present-
ing a cytokine profile that shapes the immunosuppressive
microenvironment of cancers; (3) directly impacting the cel-
lular components of tumor microenvironment niche includ-
ing the cells lodging in the tumor stroma that contributes
to cancer immune evasion; (4) being implicated in the
development of preneoplastic conditions (e.g., hepatitis B and
C, liver lipidmetabolismdisorder, and steatohepatitis for liver
cancers; Crohn’s disease, ulcerative colitis, and other colonic
inflammation for colorectal cancer); (5) being targeted by
transcriptional factors (such as STAT3) that are involved in
immunity and cancer immune evasion; (6) sensitizing the
cytotoxicity of immunotherapeutic agents.

2. MicroRNAs’ Immunoregulatory Ability
in Hepatocellular Carcinoma (HCC)

The incidence of liver and intrahepatic bile duct cancers has
been increasing in the past decade, with estimated 40,710
new cases and 28,920 deaths in 2017 in the United States
[1]. Liver and intrahepatic bile duct cancers have been the
fifth deadliest cancers in men and account for 4.8% of overall
cancer-related cancers in both sexes [1]. Due to the increasing
hepatic virus infections of both hepatitis B and C viruses
and rising incidence of both alcoholic and nonalcoholic fatty
liver disease (NAFLD), hepatocellular carcinoma has been
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the 5th most common cancer and the third leading cause
of cancer-related deaths worldwide [69]. It is predicted that
liver cancers would surpass breast, prostate, and colorectal
cancers to become the third leading cause of cancer-related
deaths worldwide by 2030 [70]. The low survival rate is
attributed to the latent disease course, late diagnosis, metas-
tasis, and recurrence. Sorafenib, the only FDA-approved
drug for advanced HCC, improves overall survival by only
2.8 months [8]. Recent phase 3 clinical trials have shown
that sorafenib did not improve the median recurrence-free
survival as an adjuvant therapy after resection or ablation
of HCC [71]. Therefore, it is imperative to develop novel
treatment strategies employing therapeutic molecules that
boost antitumor immunity for combating HCC.

2.1. MicroRNA Removes Immune Checkpoint Blockade
Imposed by PD-1/PD-L1 Pathway. Immune checkpoint
blockade using antibody antagonizing PD-1 achieved overall
response for some gastroenterological cancers. However,
due to intrinsically poor immunogenicity and suppressive
desmoplastic tumor microenvironment, anti-PD-1/PD-L1
monotherapy had not shown significant therapeutic benefit
[34, 39].Therefore, the new strategy that combines anti-PD-1
antibody and PD-L1 expression knockout would further
remove the immune blockage imposed by PD-1/PD-L1
pathway. Targeting PD-1 or PD-L1 genes, a number of
microRNAs have been found to inhibit tumor growth,
initiate PD-1 specific T lymphocyte apoptosis, and reverse
chemoresistance by blocking PD-1 immune checkpoint
[72, 73].

miR-34a has become a rising star of microRNA-based
therapy since it targets on over 30 oncogenic genes across
distinct cellular pathways, modulates immune response, and
prevents cancer cells from achieving immune evasion. In
addition to activating dendritic cell mediated innate immune
response by repressing DAPK2/SP1 pathway in gastric cancer
[74], miR-34a also increases tumor-infiltrating CD8 expres-
sion T lymphocytes and decreases CD8/PD1 expression
T lymphocyte by directly targeting PD-L1 3’-untranslated
region [75]. Clinical delivery of MRX34, a liposome for-
mulated mimic of miR-34a and the first-in-human clinical
trial of microRNA therapy, has been evaluated for treating
advanced solid tumors including unresectable liver cancers
and metastatic tumors with liver involvement. Some patients
achieved prolonged confirmed partial response (PR) per
Response Evaluation in Solid Tumors (REIST) or stable
disease (SD).

2.2. MicroRNA Alters Immunosuppressive Cytokine Profile
by Serving as an Effector of STAT3. Signal transducer and
activator of transcription 3 (STAT3) is an important tran-
scriptional factor for cell differentiation, proliferation, and
death and is implicated in tumor induced immune suppres-
sion in hepatocellular carcinoma (HCC) [76]. STAT3 can
inhibit antitumor activity of NK cells against HCC cells by
suppressing the expression of NKG2D ligands and type 1
interferon (IFN) [76]. In addition, STAT3 signaling has been
found to regulate both innate and adaptive immunity by
increasing the expressions of growth factors and cytokines

including TGF-𝛽, VEGF, interleukin 6 (IL-6), and IL-10 [76–
78], which collectively repress the host immune response
and facilitate tumor immune evasion.Therefore, understand-
ing the molecular mechanisms through which the effectors
of STAT3 network contribute to STAT3-mediated immune
suppression is valuable for developing therapeutic strategy
for HCC. miR-146a has been shown to be a direct target of
STAT3 and its expression is activated by binding of STAT3 to
the promoter of miR-146a gene [76]. Inactivation of STAT3
leads to downregulation of miR-146a, which subsequently
alters aforementioned STAT3-associated immunosuppressive
cytokines profile and restores the function of NK cells and
antitumor lymphocytes.

2.3.MicroRNAsAffect the Cytotoxicity of NKCells. A number
ofmicroRNAs canquench the tumor response by suppressing
the MHC class 1-related chain molecule A and B (MICA
and MICB), which are expressed on tumor cells and are
ligands of the natural killer (NK) cell activating receptor
NKG2D [79]. Suppression of MICA and MICB decreases
the susceptibility of tumor cells to the cytotoxicity of NK
cells [80]. miR-20a, miR-93, and miR-106b are MICA/B-
targeting microRNAs and are encoded by host genes miR-17-
92 cluster and maintenance complex component 7 (MCM7)
[79]. These MICA/B-targeting miRNAs have been found to
contribute to immune response evasion, and the epigenetic
downregulation of MICA/B-targeting miRNAs by histone
deacetylase inhibitor sensitizes HCC cells to the cytolytic
effect of NK cells [81].

2.4. MicroRNAs Regulate the Activation of Tumor-Associated
Macrophages. Tumor-associated macrophages (TAMs) are
infiltrating macrophage subpopulation differentiated from
circulating monocytes induced by cytokines produced by
type 2 T helper cells (Th2). Dual-specificity phosphatase
(DUSP1) is a negative regulator of MAPKs and thus inhibits
the production of cytokines including TNF-𝛼, TGF-𝛽, IL-1,
and IL-6. miR-101 directly targets on DUSP1 and increases
HCC growth and metastasis by suppressing the expression
of DUSP1 and the resulting increase in proinflammatory
cytokines [82].

miR-26a has been identified as a tumor suppressor that
inhibits tumor growth and metastasis by downregulating its
oncogenic targets [83]. For HCC, overexpression of miR-26a
reduced the expression of macrophage colony-stimulating
factor (M-CSF), decreased expression of chemokine (C-C
motif) ligand (CCL)22, CCL17, and IL-10, and inhibited the
macrophage infiltration in tumors [84].

2.5.MicroRNAsAre Implicated in Hepatitis B and C Infections,
High Risk Factors of HCC. Hepatitis B and C can produce
prolonged chronic inflammatory status and subsequent liver
cirrhosis and eventually HCC. Since chronic infection of
hepatitis B or C virus (HBV or HCV) is a high risk factor
of HCC [85], microRNAs that affect the life cycle and
infection of HBV or HCV also have profound effects on the
tumorigenesis and progression of HCC.

miR-122 has been discovered to assist replication of
hepatitis C virus RNA [86]. Based on this finding, a miR-122
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inhibitor miravirsen was developed and achieved prolonged
dramatically reduced viremia without dose-related toxicity in
a phase 2a trial in HCV type I patients [87]. Even though
anti-miR-122 drug has shown satisfactory clinical outcome
without emergency of viral resistance, due to the integral
roles of miR-122 in liver homeostasis and maintenance of
hepatocytic phenotype, the long-term inhibition of miR-
122 in patients with underlying liver pathological conditions
needs more thorough clinical evaluations. In contrast, miR-
122 expression has been found to be reduced in patients
with HBV infection and negatively correlate to the virus load
and necroinflammation of liver [88]. Transfection of miR-
122mimics inhibited virus production.miR-122 inhibitsHBV
replication by suppressing the expression of cyclin G1, which
can negatively regulate p53-mediated inhibition of HBV
transcription [88]. In addition, miR-122 has been found to
suppress the interferon-stimulated response element (ISRE)
mediated gene expression by enhancing methylation at gene
promoter of suppressor of cytokine signaling 3 (SOCS3) and
subsequently increasing expression of SOCS3 in liver cells
[89]. Therefore, silencing miR-122 can improve response of
liver cells to interferon-𝛼 in treatment against hepatic B or C,
which are major causes of liver cirrhosis and cancer.

Besides miR-122, miR-185 interferes with the HCV life
cycle by targeting several genes encoding critical proteins
for entry, replication, and assembly of HCV infection. In
addition, through inhibiting the lipid accumulation and
other immunometabolic modulation, miR-130b and miR-
185 inhibit the infection of hepatitis C virus by reinforcing
the antiviral activity of 25-hydroxycholesterol (25-HC), an
oxysterol secreted by interferon-stimulated macrophages and
dendritic cells [91].

2.6. miR-122 Is a Liver-Specific MicroRNA That Plays Vital
Roles in Liver Homeostasis and Immunity. The implication
of miR-122 in the infection of HBV and HCV discussed
above provides an example of how miR-122 is involved in
liver disease. miR-122 is the most abundant liver-specific
microRNA, constituting about 70% of overall microRNAs in
liver. It is conserved in all vertebrates, indicating its crucial
roles in the liver [115, 116]. miR-122 plays important roles
in lipid metabolism, iron homeostasis, and maintenance of
hepatocyte differentiation by regulating a large number of
genes involved in various hepatic functions and repressing
nonhepatic genes [117, 118]. The expression of miR-122 is
downregulated in human HCC patients [119], and the dele-
tion of miR-122 in hepatocytes leads to progressive develop-
ment of stages of liver cancer: steatohepatitis, inflammation,
hepatocyte regeneration, fibrosis, cirrhosis, and primary
and metastatic HCC [120]. The loss of miR-122 has been
associated with metastasis and poor prognosis of HCCs [121],
whereas the restoration of ectopic miR-122 suppresses cell
replication and invasion, inhibits angiogenesis, and sensitizes
the liver cancer cells to sorafenib. miR-122 has been found to
contribute to the liver disease outcome by modulating both
innate and adaptive immunity. Mice with miR-122 knockout
develops chronic inflammation that progresses to HCC since
miR-122 deletion leads to upregulation of chemokine (C-
C motif) ligand 2 (CCL2) in liver [90]. CCL2 recruits

CCR2+CD11bhighGr1+ immune cells to the liver, where these
cells produce proinflammatory cytokines and subsequently
cause hepatitis and progressively HCC [122].

In addition, miR-122 is significantly downregulated in
primary biliary cirrhosis (PBC), which is an autoimmune
disease that causes destruction and cirrhosis of intrahepatic
bile duct [123]. The deregulation of miR-122 in PBC suggests
that miR-122 either mediates the intrahepatic bile duct cell
damage or modulates the autoimmune reaction process.

3. The Implications of MicroRNAs in
Immunotherapy for Pancreatic Cancer

It is estimated that there will be 53,670 new pancreatic cancer
cases and 43,096 death cases in the United States in 2017
[1]; both will be higher than the cases in 2016. Although
pancreatic cancer is the eleventh most cancer among men
and ninth most cancer among women, it is the fourth leading
cause of cancer death of both sexes, accounting for 7% of
overall death caused by cancers [1]. Limited progress has
been made for improving the outcome of pancreatic cancer,
with its 5-year survival rate modestly increased from 2.5%
in 1975-1977 to 8.5% in 2006-2012 [124]. Due to the rapid
development of therapies for other cancers, pancreatic cancer
is projected to become the second leading cause of cancer
death by 2030 [70]. The early systemic metastasis is the
primary reason for the grooming prognosis of this disease.

3.1. MicroRNAs Transferred by Tumor-Derived Exosomes
Engage in Immune Regulation. Tumor-derived exosome, a
secretedmembrane vesicle produced from inward budding of
endosomal membrane, is generally considered as a promising
source of tumor vaccine since it contains abundant immune
regulatory proteins including MHCI [125], MHCII [126], and
heat shock protein 70 [127] and various tumor rejection
antigens including gp96, Her2, and tyrosinase related protein
(TRP) [128]. Tumor-derived exosome presents tumor spe-
cific antigens to dendritic cells and induced potent CD8+-
dependent antitumor [128]. Due to the antitumor immune
activation capacity, nanoscale size (30-100nM), and chemical
stability, exosome has been targeted and exploited to develop
novel cancer immunotherapeutic vaccine, which progressed
to the clinical trials [129]. Since tumor-derived exosome con-
tains various cytosolic components of donor cells, it can pro-
foundly modify the biological behaviors including immune
responses of recipient immune cells (macrophage, dendritic
cells, NK cells, T lymphocyte, etc.) in proximity as well as
at distance sites by transferring signaling molecules, recep-
tors, enzymes, and gene expression regulatory molecules
including microRNAs. Exosome was found to mediate the
microRNA transfer and thus the exosome was proposed to be
a novel mechanism of gene transfer between cells [130]. Since
exosomes can be secreted by amyriad of tumors and immune
cells including dendritic cells, macrophage, B cells, cytotoxic
T lymphocytes, fibroblasts, platelets, mastocytes, and tumor
cells [128, 131], microRNAs transferred via exosome can
effectively affect the tumor antigen-specific immune response
of the immune cells and facilitate the immune tolerance
of tumor cells. It was reported that miR-203 was present
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in pancreatic cancer cell derived exosomes, and miR-203
suppressed the expression of toll-like receptor 4 (TLR4)
resulting in the decreased levels of tumor necrosis factor-𝛼
(TNF-𝛼) and interleukin-12 (IL-12) in pancreatic cancer cell
line Panc-1 [92]. Since TNF-𝛼 and IL-12 both play critical
roles in maturation of immune cells, enhancing antigen
presentation of APCs, and augmenting cell immunity, miR-
203 may modulate TLR-mediated immune response and
facilitate immune escape of pancreatic cancer cells. The
engagement of microRNAs in the immune regulation of
pancreatic cancer was further consolidated by the discovery
that the pancreatic cancer derived exosome with depleted
microRNAs by ultrafiltration displayed stronger potency of
activating dendritic cells and cytokine induced killer cells to
exert cytotoxicity against pancreatic cancer cells [132].

3.2. MicroRNAs Disarm PD-1/PD-L1 Immune Blockade Path-
way. Like in HCC, microRNAs targeting PD-1/PD-L1 path-
way can suppress pancreatic cancer progression by activat-
ing anticancer immunity. Among these microRNAs, miR-
142-5p was found to downregulate the expression of PD-
L1 by directly binding 3’ UTR of PD-L1 mRNA, and
the overexpression of miR-142-5p increases CD4+ and
CD8+ T lymphocytes and concomitantly decreases PD-1+
T lymphocytes [93]. Therefore, miR-142-5p is promising in
developing microRNA-based therapy targeting PD-1/PD-L
pathway.

3.3. MicroRNAs Regulate the Functions of Immune Cells and
Lymphatic Vessel Formation. MicroRNAs have been found to
directly regulate the maturation, recruitment, and activation
of macrophages and NK cells in the microenvironment of
pancreatic cancers. miR-454 directly targets and downregu-
lates stromal cell derived factor-1 (SDF-1), which is a target
of hypoxia-induced factor-1 (HIF-1). Since macrophages are
recruited to tumor tissues by its expression of CXCR4 in
response to SDF-1, miR-454 was found to inhibit the recruit-
ment of bone marrow-derived macrophages to pancreatic
ductal adenocarcinoma (PDAC) cells by downregulating
SDF-1 [94]. In addition, miR-146a expression level is elevated
in dendritic cells treated by conditioned medium of pan-
creatic cancer cells, which leads to impaired differentiation
and antigen presentation function of dendritic cells [133].
Therefore, miR-146a is implicated in the maturation and
antigen presentation of dendritic cells in response to the
invasion of pancreatic cancer cells.

miR-206 has been identified as a negative regulator of
proinflammatory factors including the chemokines (C-X-
C motif) ligand 1 and (C-C motif) ligand 2, Interleukin-8,
and the granulocytemacrophage colony-stimulating factor in
pancreatic adenocarcinoma. It also abolishes the expression
of prolymphangiogenic factor, vascular-endothelial growth
factor C, thus inhibiting blood and lymphatic vessel forma-
tion and suppressing tumor progression [95].

3.4. MicroRNAs Regulate the Inflammation of Pancreatitis,
a High Risk Factor of Pancreatic Cancer. Acute pancreatitis
(AP) is a sterile inflammation in pancreas with severity
ranging from mild to high mortality despite aggressive

medical intervention. AP is a risk factor of pancreatic cancer.
MicroRNAs were aberrantly expressed in acute pancreatitis
and can serve as biomarkers for diagnosis and prognosis [134,
135]. miR-9, produced by bone marrow-derived mesenchy-
mal stem cells (BMSCs), negatively regulates the inflamma-
tory response induced by lipopolysaccharide (LPS). It was
reported that miR-9-modified BMSCs (pri-miR-9-BMSCs)
significantly decreased release of inflammatory factors and
reduced pancreatic injury, indicating that miR-9 may play
an anti-inflammatory role in the pathogenesis of AP and a
promising candidate target formicroRNA-based treatment of
AP [96].

miR-216a is a highly expressed miRNA in pancreas. miR-
216a is found to repress the expression of PTEN, Smad7,
pAkt, and TGF-𝛽 receptor 1 and, thus, it is implicated in
the pathogenesis of AP. Inhibition of miR-216a expression
by TGF-𝛽 inhibitor significantly decreased serum amylase,
TNF-𝛼, IL6, and TGF- 𝛽 and alleviated histopathological
changes of pancreas [97].

Chronic pancreatitis (CP) is defined as “a pathologic
fibro-inflammatory syndrome of the pancreas in individuals
who develop persistent pathologic responses to parenchymal
injury or stress.” [136]. CP is characterized by chronic
inflammation of the pancreas and the resulting progressive
pancreatic endocrine and exocrine dysfunction [137] and
widely accepted to be a strong risk factor of pancreatic
cancer [138]. The microRNA that is known to be involved
in CP is miR-146a, which suppressed the production of
proinflammatory factors including IL-1𝛽, IL-6, and TNF-
𝛼 and is involved in innate immunity and inflammatory
response pathways [98]. A commonG/C SNP polymorphism
rs2910164, which is located in the crucial seed sequence of
the mir-146a, is found to affect the expression of mature miR-
146a and is correlated to the increased chronic pancreatitis
risk [139].

4. Immunoregulatory Roles of miRNAs
in Colorectal Cancer (CRC)

The estimated number of new cases for colorectal cancers in
2017 for the United States is 135,430. The only cancers with
higher rates of new cases are lung and bronchus, breast, and
prostate. In fact, it is estimated that 50,260 people will die
from CRC in the United States in 2017, which is only behind
lung and bronchus cancers [1].

4.1. miRNAs Regulate the Regulatory T Lymphocytes. In order
to display the relevance that microRNA has in CRC, Cobb et
al. performed a Dicer KO in Treg cells. This study displayed
that Dicer was a requirement for Treg cell development.
Without Dicer, Treg cell numbers are diminished [140].
Moreover, a previous Dicer KO study has shown that cyto-
toxic T lymphocytes (CTLs) have increased ability to lyse
CRC cells [99, 101]. This is thought to occur through the
inactivation of miR-222/339, which typically downregulates
ICAM-I [99]. However, due to the essential role of Dicer
in RNA regulation, targeting it in patients would lead to
unwanted side effects. Therefore, future studies should look
at using anti-miRs to directly knock down miR-222/339.
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Another method for regulating T cells with microRNAs
in CRC is with miR-21. According to a recent study by
Mima et al., miR-21 is inversely associated with CD3+ and
CD45RO+ T cells. The proposed mechanism for this is by
targeting PDCD4, which is a known IL10 repressor [100].
The correlation was determined by looking at a cohort of 538
cases of CRC. This is significant because it shows the ability
for miR-21 therapy to improve the immunity against CRC.
Specifically, CD3+ cells are known for their ability to activate
CD3+ and CD8+ cells, which will increase the likelihood
of antitumor activities in these cell types [141]. In addition,
CD45RO+ T cells are a population that has been associated
with increasedTNMstage but still needs further investigation
[142].

4.2. miRNAs Modulate the Function of MDSCs. Cancer cells
and their co-opted microenvironments often take a multi-
pronged approach to evade immune responses. For this rea-
son, it is important for scientists to also look at multipronged
approaches in order to improve immune responses. Myeloid-
derived (immune) suppressor cells (MDSCs) are often a key
player in creating the microenvironment. These cells are able
to control CRC and immune cell development. Typically,
MDSCs inhibit the growth of antigen-specific CD4+ and
CD8+ cells [143]. However, we are able to modify the
function of MDSCs with microRNA. The miR-17-92 cluster
contains miR-17-5p and miR-20a.These microRNAs are both
beneficial and harmful to CRC development. Unfortunately,
they are found to promote CRC development by decreasing
the burden of reactive oxygen species [101]. However, they are
also able to inhibit the immunosuppressive action of MDSCs
[102]. Thus, their usefulness for treating cancer still needs
further exploration. Another mechanism that modulates
MDSC action is with miR-494. miR-494 expression inhibits
PTEN while simultaneously activating AKT. This leads to an
increased number of procancer MDSCs [144].

4.3. miRNAs Modulate the Pathogenesis of Inflammatory
Diseases of Colon. The role of miRs in chronic inflammatory
disorders is also of key importance due to the ability of
these disorders to induce CRC [101]. Some of the strongest
associations have been with ulcerative colitis, Crohn's dis-
ease, and inflammatory bowel disease [145]. In ulcerative
colitis, overexpression of STAT3 is common and leads to
progression from ulcerative colitis to CRC. miR-124 targets
STAT3 and is downregulated in these patients [103]. miR
replacement therapy could be a viable option for these
patients to decrease the risk of developing CRC. In patients
with Crohn’s disease, miR-19b has been identified as an
anti-inflammatory molecule that has potential to decrease
the tumor-promoting capability of Crohn’s disease. miR-
19b does this by modulating the expression of cytokine
suppressors [146]. Moreover, miR-210 has a similar ability
to decrease inflammation in inflammatory bowel disease by
targeting HIF-alpha [104]. In addition, miR-511-3p, carried
on the gene of the macrophage mannose receptor CD206
(mrc-1), is expressed by macrophage and dendritic cells.
miR-511-3p targets toll-like receptor 4 (tlr-4) and reduces
the production of proinflammatory cytokines in response

to microbial stimulus. Therefore, miR-511-3p regulates the
intestinal inflammation by regulating toll-like receptor 4
[147].

4.4. miRNAs Regulate the Recruitment and Activation of
Macrophage and Neutrophils. miR-484 has been found to
inhibit CD137L and thus have significant anticancer proper-
ties. CD137L has two characteristics that make it a procancer
protein. First, CD137L induces cell viability via the PI3K
and mTOR cell pathways. Secondly, CD137L induces IL-
8 production which is used to recruit macrophages and
neutrophils into the procancer microenvironment. If this is
successful, the procancer macrophages and neutrophils then
assist with tumor invasiveness. Inmicrosatellite instable CRC,
miR-484 plays a key role in regulating IL-8 secretion [105]. IL-
8 is dangerous for the tumormicroenvironment because of its
proliferative effects and ability to promote tumor-associated
immune cells such as macrophages and neutrophils into the
microenvironment [148].

Procancer neutrophil function has been elucidated more
in recent years. Although not all neutrophilic functions
promote cancer, one example of cancer induction is shown
by their ability to inhibit the immune system [149]. Along
with other functions they have also been found to help tumors
induce angiogenesis [150]. The role of tumor-associated
macrophages in cancer has been more clearly elucidated,
stimulating malignancy via metastasis, angiogenesis, and
immunosuppression [151]. Fortunately,miR-484 andmiR-19a
have been found to inhibit CD137L and thereby improve the
cancer microenvironment [152, 153].

4.5. miRNAs Regulate the Expression of PD-L1. MicroR-
NAs are also able to improve the immune response to
CRC through targeting PD-L1. PD-L1 has been popularized
recently due to its ability to reduce the viability of T cells
[154]. It has also been discovered that miR-142-5p targets PD-
L1 [93]. Moreover, miR-20b, 21, and -130b are overexpressed
in CRC and target phosphatase and tensin homolog (PTEN),
leading to PD-L1 overexpression [101, 106]. These events
in turn block the PD-L1/PD-1 signaling pathway, allowing
T cells to survive in the tumor microenvironment, thus
improving anticancer immunity.

5. Immunoregulatory Roles of MicroRNAs
in Gastric Cancer (GC)

Although the rate of gastric cancer has been decreasing, there
are still around 22,220 patients diagnosed annually in the
United States with approximately 10,990 annual deaths [155].
Moreover, the rate of noncardia gastric cancer for whites
aged 25 to 39 in the United States increased between 1977
and 2006, showing that it is still a disease that needs to be
studied further [156]. MicroRNA has also been discovered to
modulate the anticancer immune response in GC, although
in a somewhat convoluted manner. It is understood that
the downregulation of E2F-1 in dendritic cells successfully
inhibits the immune response. E2F-1 controls the activity of
P53 and also regulates cell activity including proliferation
[157]. Moreover, death-associated protein kinase 2 (DAPK2)
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along with the transcription factor specificity 1 (SP1) is
able to inhibit the activity of E2F-1. This also leads to an
inhibition in the activity of dendritic cells in the immune
response. However, we can counteract this procancer activity
by inhibiting the expression of DAPK2/SP1 using miR-34a
[74].

6. MicroRNAs’ Immunoregulatory
Ability in Gallbladder Cancer

Gallbladder cancer (GBC) is a difficult to diagnose gas-
troenterological cancer. Detection in early stages is limited
due to a poor understanding of the mechanisms involved
in the development of cancerous hyperplasias [158]. The
diagnosis of GBC is typically seen in advanced and late
stage development. Unfortunately, this accounts for a 5-year
survival rate of only 20-40% [159].The available literature on
GBC investigates methodologies that would potentially allow
for more progressive detection. Abnormalities in cytokine
profiles in the cellular microenvironment have long been a
known contributor to oncogenesis. Current advancements
and continued research allow for advanced genetic screening
capabilities. With the capacity to screen for a range of
miRNA and lncRNA, early diagnosis seems more prom-
ising.

The gallbladder is the bile producing organ of the body.
These biliary secretions are channeled throughducts from the
gallbladder to the liver. In a pancreaticobiliary maljunction
(PBM) the bile ducts themselves are conjoined in such a
way that allows for reflux of biliary secretions [107]. The
presence of a PBM presents an increased risk factor for
the development of GBC. This abnormal buildup of bile
causes lecithin to convert endogenously to lysolecithin, which
has been shown to induce chronic inflammation of the
biliary epithelial cells [160]. The inflammatory response
to lysolecithin disrupts the extracellular microenvironment
causing an influx in inflammatory cytokines [161].

6.1. Cytokines and GBC. Cytokine expression profiles of
healthy gallbladder cells in mice were shown to express
mRNA for TNF-𝛼 along with RANTES and macrophage
inflammatory protein 2 (MIP-20). Once these cells were
treated with lipopolysaccharides, the expression profiles
changed to exhibit an increase in mRNA for monocyte
chemoattractant protein-1 (MCP-1), Interleukin-6 (IL-6),
and IL-1b [162]. With immunotherapeutic treatments these
abnormal cytokines could be used to aggregate genetically
enhanced immune cells to the site of carcinoma. However,
such an inflammatory response can thus lead to mutations
and overexpression of cell-cycle associated proteins such as
p53 and MUCI [163]. The implications of p53 mutations has
been shown to potentiate atypical hyperplasia, thus resulting
in lesions and subsequent malignancy [163]. MUC1 is a
mucin class glycoprotein produced by epithelial cells and
involved in cell signaling and adhesion. Left unchecked, this
overexpression thus potentiates the formation of cancerous
cells in the lining of the biliary tract. This protein has been
found in increased, lowered, and erratic expression in tumor
cells related to GBC [163]. Expression profiles of MUCI and

MUC5AC showed predictable patterns which accounted for
metastasis of tumor cells. H. Kono et al. demonstrated that,
along with P53, K-ras mutations have also been studied as
biomarkers in GBC with PBM [160], with K-ras being a well
understood and studied prooncogene [164]. In addition,miR-
133a-3p was reported to inhibit the gallbladder carcinoma by
directly targeting on recombination signal-binding protein
J𝜅 (RBPJ) [109]. RBPJ is a key downstream transcription
factor in the Notch signaling pathway that regulates the
differentiation of T cell lineage from common lymphoid
precursor.

6.2. miRNA and lncRNA in GBC Prognosis. Other potential
biomarkers associated with GBC include a range of miRNA
and lncRNA (long noncoding RNA). lncRNA CCAT1 (colon
cancer-associated transcript-1) has been shown to promote
GBC development through downregulation of miRNA 218-
5p.This regulatory ability is associatedwith the direct binding
of miRNA 218-5p to CCAT1 [107]. This class of lncRNA is
categorized as ceRNA (competitive endogenous RNA) which
acts as molecular ‘sponges’ through endogenous miRNA
binding sites. This mechanism could be a factor in the down-
regulation of tumor suppressing miRNA seen in miRNA
profiles in GBC [158]. Alternately, overexpression of miRNA
155 has also been shown to increase the malignancy of late
neoplastic conditions in GBC.ThismiRNA shows promise as
a potential for detection in patients with symptoms associated
with GBC. miRNA 155 elevation was also associated with an
increase in metastasis to the lymph node [160]. In a miRNA
study performed by P. Letelier et al. in human GBC cell
lines, it was determined that miR-1 and miR-145 possess
antitumor properties. These miRNAs along with miR-143
and miR-133 directly targeted signaling pathways associated
with cell motility and adhesion, thus having implications in
malignancy and carcinoma [110].

7. Immunoregulatory Ability of miRNAs
in Esophageal Cancer (EC)

In esophageal cancer (EC), there can be several differing
morphologies characterized by the cells that are affected. In
ESCC the epithelial tissue lining the esophageal tract becomes
cancerous [165]. Another manifestation of esophageal carci-
noma is known as esophageal adenocarcinoma (EAC) which
effects the glandular epithelium [166]. The manifestation
of these carcinomas has been shown to increase with the
prominence of a condition known as Barrett’s esophagus (BE)
where the cells of the squamous epithelium are replaced by
glandular epithelium [165]. When analysis of both transcrip-
tomes was performed, notable differences arose between the
two subtypes of esophageal cancers. Esophageal squamous
cell carcinoma (ESCC) is a high risk and difficult to detect
carcinoma. Not accounting for the western world, ESCC
is the one of the most diagnosed cancers [167]. Tobacco
smoking and chronic alcohol consumption have been shown
as risk factors for ESCC, with a high prevalence in Asian
countries [165]. With a 5-year survival rate of 4.5%, early
detection and prognosis are prudent for successful remission.
Nonetheless, recurrence of ESCC is common and met with
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low rates of survival. Given these grim statistics, development
of alternative detection and therapeutic methods is crucial.

7.1. lncRNA in EC. W.Wu et al. set out to characterize poten-
tial noncoding DNA and its implications on EAC. Through
hypomethylation of DNA overexpression of otherwise non-
coding regions can occur. This lack of methylation could
induce genomic instability and downstream activation of
oncogenes [14]. In EAC it was found that the lncRNAAFAP1-
AS1 was subsequently overexpressed due to hypomethylated
DNA regions in the transcriptome of EAC cells. The over-
expression of AFAP1-AS1 was shown in vitro to induce cell
proliferation and tumorigenic growth in EAC cell lines [166].
This invasiveness and tumorigenic growth was reversed with
treatment usingAFAP1-AS1-specific siRNA, showing promise
for siRNA-targeted therapies. The researchers also postulated
that AFAP1-AS1 is a potential biomarker for the detection of
EAC. The exact function of AFAP1-AS1 is unknown and fur-
ther studies must be performed. lncRNA MALAT1 has also
been shown to induce and promote tumorigenesis in ESCC.
In a study to elucidate the potential for MALAT1 miRNA
therapies X. Wang et al. demonstrated in vivo suppression of
ESCC growth by using miR-101 and miR-217.These mi-RNAs
were shown to target MALAT1 consequentially silencing its
tumor-promoting action [167].

7.2. miRNA in EC. Potential for noncoding RNA biomarkers
for esophageal cancer (EC) includes a wide range of dysreg-
ulated miRNAs. A study performed by Shang-guo Liu et al.
set out to establish a baseline of miRNA expression profiles
in human EC. To achieve this, researchers took EC patient
cells and analyzed them using miRNA chip technology; these
results were then further verified using RT-qPCR methods
for comparison to noncancerous cells. This research iden-
tified 59 upregulated miRNAs along with 9 downregulated
miRNAs [168]. According to R. B. Koumangoye et al., miR-
31 was shown to suppress tumor oncogenesis when SOX4,
EZH2, and HDAC3 genes are downregulated. However, in
ESCC these genes are typically expressed and were shown
to cooperatively downregulate the effectiveness of miR-31
in vitro [169]. Measuring levels of miR-31 could provide a
potential biomarker in GSCC detection. More notably, miR-
31 directly regulates Stk40 and activates the STK40-NF-
𝜅Β-controlled inflammatory pathway in esophageal cancer.
Therefore, the anti-miR-31 can repress inflammation and
neoplasm of esophageal cancer [111]. Invasion and metastasis
is controlled by a host of proteins responsible for motil-
ity and cytoskeletal construction and distribution. FSCN1
and MMP14 are proteins that facilitate tumor progression
and formation of a suitable tumor microenvironment. N.
Akanuma et al. performed a study correlating the anticancer
effects of miR-133a through its direct modulation of these
two proteins [170]. This shows promise for miR-133a as a
tumor suppressor in ESCC. Further studies have identified
a host of well-defined miRNAs that elicit a notable and
prominent promotion of migration and invasiveness of GC
cells. miR-92 was found to be highly expressed in ESCC
and to modulate the migration and invasion of ESCC cells
through repressing the tumor suppressor CDH1 gene [171].

Y. Tian et al. studied the effects of miRNA-10b along with
elucidating its target gene KLF4.This study showed that with
overexpression of miR-10b came a direct underexpression
of the tumor suppressor KLF-4. Along with this study, the
researchers also performed a literature review showing miR-
10b expression being downregulated in 95% of human EC
tissues [172]. This direct correlation of miR-10b and tumori-
genesis suggests potential as a generalized biomarker for EC
detection. ESCC senescence and apoptosis have also been
shown to be mediated by the expression of miRNA. miR-34a
was shown to act as a p53-dependant tumor suppressor [173].
The expression of miR-34a was shown to be affected by DNA
damaging agents traditionally used in chemotherapy. This
expression was notably downregulated by the mutant p53
variant. Through the patient specific regulation of the wild
type p53/p21 pathway miR-34a can be used as a diagnostic
marker for therapeutic effectiveness in p53 mutant ESCC. In
addition, miR-34a expression can be elevated by NF-𝜅B, a
central regulator of inflammation [112].

7.3. The Implication of Exosomes Transporting miRNAs in
EC. Secretion of exosomes is a well-known method of
cellular communication and excretion. Small noncoding
RNA molecules such as miRNA can also be secreted in
exosomes and circulate in the blood or other extracellular
matrix [114]. Exosome secretion adds to the plethora of
intercellular communicatory systems that play a large role
in mediating the cellular microenvironment. Through the
use of Transmission Electron Microscopy and western blot
analysis, the exosomal protein CD63 was confirmed in serum
exosome isolate purified by Y. Tanaka et al. showing a reliable
analysis of serum exosomes. ExosomalmiR-21 was confirmed
using a bioanalyzer in serum samples [114]. This research
showed that the transmission of extracellular miRNA was
indeed possible and could be transmitted intercellularly. This
study also elucidated miR-21 as a potential cancer promoting
miRNA which was determined through previous studies to
increase proliferation and oncogenesis in vitro [174].

7.4. Immunosuppression in GSCC. CD4 and CD25 regulatory
T cell (Treg) expression has been shown to increase in
association with both gastric and esophageal cancer (EC)
progression. Treg cells, which have been shown to inhibit
immune responses otherwise mediated by T cells, have been
noted in higher abundance with proximity to cancerous
lesions. K. Kono et al. looked at the prevalence of Treg cells
in PBMCs (Peripheral Blood Mononuclear Cells) in patients
with ranging progression of both gastric and esophageal
cancers. Through flow cytometry, RT-PCR and intracellular
cytokine assays, the researchers were successful in separating
Treg cells by unique markers such as CD45RO and CTLA-
4 [175]. The proportional analysis also revealed a correlation
between cancer stage and Treg prevalence. A speculative
outlook on why this happens could be explained by the
expression of chemokine CCL20, secreted bymacrophages at
the site of tumorigenesis. This chemokine has been shown to
facilitate Treg migration [176]. Otherwise, the exact mecha-
nism of action that allows for such an increase in Treg cells
is currently unknown. Response to traditional inflammatory
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Figure 1: The miRNA modulation of cellular immunity in gastrointestinal cancers. Red denotes procancer miRNA interactions while green
denotes anticancer interactions.

factors could also play a large role. A well-documented and
studied protein pathway for inflammation induced cancer is
NF-𝜅B and STAT3 [165]. These proteins have been shown to
be expressed when induction of an inflammatory response
occurs. Once induced, these proteins potentiate downstream
cascades, activating a spectrum of oncogenes such as miR-21
and IL-6 [165].

Along the same lines of intracellular immunosuppres-
sion, myeloid-derived suppressor cells (MDSCs) have also
been studied as a potential antagonist in immunotherapy. In
a study performed on EC patients’ PBMCs, R. F. Gabitass et
al. demonstrated that elevated numbers of MDSCs were also
associated with an increase of Treg cells in EC [177]. MDSCs
impose immunosuppression through impairment of T cell
differentiation. This overexpression was strongly correlated
with elevated levels of the Th2 cytokine IL-13. By utilizing
IL-13, Treg, and MDSC detection this study sheds light on
these potential prognostic biomarkers EC detection. From
an immunotherapeutic perspective, the abundance of MDSC
and Treg cells presents a challenge in therapies which rely on
the successful implantation of genetically altered T cells [177].

8. Immune Checkpoint Blockade
and miRNA Therapy

With the known antioncogenic and microenvironment alter-
ing properties of miRNA, the potential positive effects on
the immune mediated response are of great interest. A
critical adaptation of cancerous cells is their ability to imitate
otherwise healthy cells and avoid immune detection [178].
In current literature, immune checkpoint blockade in cancer
cells has been shown to elicit antitumor effects in late stage
cancer development [179]. The widely studied and targeted
immune checkpoint proteins are CTLA-4, PD-1, and PD-L1

[73, 180, 181]. PD-1 and PD-L1, also known as programmed
death receptor and ligand, are of particular interest as the
PD-L1 ligand is expressed on tumor cells, thus evading the
imminent immune response [182].Themodulation of CTLA-
4 is not as researched as the PD pathways; however miR-
138 was shown to elicit an effect [183]. A major setback that
has been seen when immune checkpoint antibodies are used
in combinatorial therapy on multiple checkpoint pathways is
risk of toxicity [183]. This is due to the nature of the immune
checkpoint receptors being present on most cells. However,
the use of miRNA to induce immune checkpoint blockade by
selectively upregulating or downregulating miRNA expres-
sion for specific immune checkpoint proteins could prove to
be a useful tool in our antioncogenic arsenal. Figure 1 presents
possible miRNA targets that are involved in the modulation
of PD-L1, PD-1, and CTLA-4; this figure is modified and
adapted from Q. Wang et al. [182].

9. Challenges and Future Study

Gastroenterological cancers have been considered to be
poorly immunogenic, and, along with enhanced immune
checkpoint inhibition, cancer cells can escape from the recog-
nition and clearance of immune system. Pembrolizumab,
a monoclonal antibody antagonizing PD-1 receptor, and
Ipilimumab, the monoclonal antibody binding CTLA-4, have
achieved some clinical success [40, 42]. However, due to
poor immunogenicity and desmoplastic tumor microenvi-
ronment, mono-immunotherapy using antibody for achiev-
ing immune checkpoint blockade has not shown thera-
peutic benefit. The combination therapy combining tradi-
tional monoclonal antibody-based immunotherapy and the
novel miRNA-based immunotherapy is expected to achieve
more effective and sustained therapeutic effect. Liposome
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formulated mimic of miR-34a entered the first-in-human
clinical trial of microRNA therapy and obtained favorable
clinical results with prolonged partial response. In addition,
since STAT3 has been found to play crucial roles in magni-
tude of tumor mediated immunosuppression and immune
escape in tumor microenvironment [76, 78], miRNA-based
immunotherapy targeting on STAT3 should be aggressively
pursued.

The extensive involvement of miRNAs in modulation
of tumor-associated immune cells, immune checkpoint
blockage, and maintenance of immunosuppressive status
of tumor microenvironment presents miRNAs as promis-
ing therapeutic agents or molecular targets for developing
novel immunotherapy for awakening or augmenting anti-
tumor immunity. The miRNAs, the target genes, and the
immunoregulatory roles of these miRNAs in some gastroen-
terological cancers are summarized in Table 1. However,
since a miRNA can regulate a number of target genes that
may have fundamentally different and even contradictory
effects on regulating immune response to tumors and the
gene expression regulatory capacity of miRNAs and the
biological roles of their target genes may be vastly different
in various tissues and pathophysiological status, the actual
net immunoregulatory effect of a miRNA has to be eval-
uated within a holistic and evolving immunomodulation
network. Some microRNAs are known to positively regu-
late the functions of immune cells and enhance antitumor
activity; however, augmenting immune response alone does
not warrant the tumor suppressing effect of the microRNAs.
The roles of miR-155 in antitumor immunity present a
good example. miR-155 expression in T cells is required
for maintaining the number of IFN𝛾-expressing CD4+ and
CD8+ T cells and suppressing tumor growth [108, 184].
miR-155 also modulates the innate immunity by regulating
IFN𝛾 production in NK cells [185]. In addition, miR-155 in
liver macrophage Kupffer cells plays an important role for
normal antigen-presenting function and SOCS1/JAK/STAT
inflammatory pathways of Kupffer cells [113].Therefore, miR-
155 can serve as a regulator of tumor immunity that enhances
the tumor antigen recognition, surveillance, and clearance.
However, miR-155 is highly expressed in multiple solid
tumors and is commonly associated with more aggressive
phenotype. miR-155 was reported to promote invasiveness
of pancreatic cancer cells, through regulating suppressor of
cytokine signaling 1 (SOCS1) and P-signal transducer and
activator of transcription-3 (STAT3) [186], and promote the
hepatocellular carcinoma progression by targeting PTEN
[187]. In addition, expression of miR-155 in tumor tissue at a
high level is positively correlatedwith lymph nodemetastasis,
aswell as poorer overall and disease-free survival in colorectal
cancer patients [188]. Similarly, miR-155 expression is a
biomarker indicating poor prognosis for gallbladder cancer
[189].Therefore, the precise delivery of microRNAmimics or
inhibitors to specific cell types in tumor tissues or immune
system is the key to the success ofmicroRNA-based immuno-
therapy.

Differential expression level of the same miRNA in differ-
ent tissues and cell types further complicates the prediction of
the role of the miRNA in antitumor immunity. In addition,

it is known that he expression of miRNAs is deregulated in
tumors compared with that in normal tissues. However, the
normal baseline level of miRNAs varies dramatically in dif-
ferent individuals. It is not uncommon that literature reports
inconsistent or even conflicting discoveries regarding the
expression level of miRNAs. Therefore, a challenge for better
understanding the immunoregulatory roles of miRNAs and
developing miRNAs-based immunotherapy is establishing a
set of endogenous miRNA controls for normalization.

Another challenge lies in the difficulty of identifying
miRNA candidates for treating a tumor due to the het-
erogeneity of miRNAs in tumor tissues. Inflammation and
hypoxia in tumor microenvironment cause complex and
dynamic heterogeneity in miRNA expression profile [190,
191]; therefore, multiple-point biopsy and temporal monitor-
ing of expression of mRNAs are critical to the constructing
of a more meaningful regulatory network of miRNAs and
the identifying of miRNA candidate (usually the common
regulatory miRNA) for developing immunotherapy for that
particular cancer.

Safe, efficient, stable, and specific delivery of miRNAs to
tumor neoplasm and microenvironment has been a major
challenge for any RNA-based therapy [192]. Cationic poly-
mers or viral vectors are efficient delivery vehicles; however,
the systemic toxicity and immunogenicity cause significant
side effects and limit the transition from bench to bedside.
Recently, the delivery system that loads miRNA mimics or
anti-miRNAs to nanoparticles conjugatedwith targeting anti-
bodies/peptides displayed efficient targeting and achieved
high cellular uptake and bioavailability [193].

Off-target effect is another challenge for developing
miRNA-based immunotherapy. SincemanymiRNAs belong-
ing to the same family have very conserved seed sequence and
most anti-miRs contain perfect complementary sequences to
the seed sequence, anti-miRs are not able to distinguish the
miRNAs of the same family andmay produce off-target effect
[192]. A novel strategy addressing off-target effect targets
on miRNAs at their precursor stage. Since the precursors
of miRNAs contain secondary structure that is required
for recruiting enzymes and the miRNA precursors contain
sequences that are not found in seed sequences, anti-miRs
can be designed to specifically bind to nonseed sequences on
the miRNA precursors, which may disrupt the hairpin and
affect the RNA processing by Drosha-DGCR8 complex [192].
Therefore, targeting secondary structure scaffold sequence
but not seed sequence may help avoid off-target effects.
Continued effort on assessing the effectiveness and off-target
effect of this novel strategy is important for developing a safe
miRNA-based immunotherapy with least side effects.
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