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Abstract
Cancer microenvironment is composed of numerous components that can support cancer cell
proliferation, promote cancer progression and contribute to cancer treatment resistance. The
major components of caner microenvironment are fibroblasts, endothelial cells, immune cells as
well as cytokines, chemokines, and extracellular matrix (ECM) all of which surround tumor cells as
the core and cross talk with each other. Among them, cancer-associated fibroblasts (CAFs) play an
important role in promoting cancer progression by secreting various pro-inflammatory factors.
MicroRNAs (miRNAs) are small noncoding RNAs that negatively regulate protein expression both
in cancer cell and normal stromal cells. Changes of miRNAs expression in cancer-associated
fibroblasts can be induced both by cancer cells and other stromal cells. This change can arise
through direct interaction or by secreted paracrine factors or even by secreted miRNAs. The
desregulated miRNAs in cancer-associated fibroblasts then enhance the CAFs phenotype and
assist their cancer promotion ability. Explore the regulatory function of miRNAs in the complex
communication between cancer cells and cancer microenvironment is important to understand
the process of tumor progression and may help to develop new therapeutic strategies. This review
provides an updated content of latest research advances about the relevance of miRNAs in the
interaction between cancer cells and the CAFs. We will describe miRNAs which are differential
expressed by NFs and CAFs, their function in regulating fibroblasts activation as well as miRNAs
expressed in CAFs as prognostic factors in cancer stroma in recent studies. We will also discuss
miRNA as an important player in CAFs mediated regulation of cancer progression and metastasis,
cancer metabolism, cancer stem cell property and chemoresistance.
Key words: MiRNAs; Cancer associated fibroblasts; Cancer Microenvironment

Introduction
Fibroblasts are the most common components of
the connective tissue. In wound healing process, the
phenotype of fibroblasts is transformed into an
activated state. The activated fibroblasts have certain
characteristics both like fibroblasts and smooth
muscle cells. In many cases, tumors are commonly
analogized as wounds that do not heal. The

reconstruction process of stromal cells launched by
cancer cells share some common similarities
with wound healings. Activated fibroblasts also exist
in cancer, where they are so-called cancer-associated
fibroblasts (CAFs). CAFs are distinct from normal
fibroblasts which own certain markers, enhanced
pro-tumorigenic properties and can produce a variety
http://www.ijbs.com
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of pro-inflammatory factors. (1-3) CAFs can even
recruit other stromal cell types to the primary lesion
and the metastatic lesions of cancer. They all
participate in the construction of the cancer
microenvironment to promote tumor proliferation,
invasion and metastasis. (4). The exact origin of CAFs
and the mechanisms that normal cell become CAFs
are still not clear, but current evidence indicates that a
considerable part of the CAFs are originated from
local normal fibroblasts surround cancer cells by
continuous contact with them. (5) Multiple signal axis
of CAFs appeared to be abnormally activated
compared with normal fibroblasts including NF-κB
signaling, IL-6/STAT3 signaling, FGF-2/ FGFR1
signaling and TGF-β ⁄ SMAD signaling. (6-8). It is
surprised that primary cultured CAFs may sustain
their phenotype over several passages in vitro. This
indicates CAFs may undergo genetic or epigenetic
alterations. (1, 2).
MiRNAs are a class of small non-coding RNA
which functioned as the main participants of
posttranscriptional gene regulation. They function in
both normal physiological and pathological condition.
Numerous studies have demonstrated that miRNAs
can act as tumor suppressors or promoters regulating
the behaviors of tumor in addition to various proteins
encoding genes (9, 10). MiRNAs is able to regulate
cancer biological behavior at many aspects such as
cancer proliferation and metastasis, cancer immune
escape, cancer cell immortalization, cancer related
inflammation, cancer stem cell property, cancer
metabolism, cancer angiogenesis (11). As malignant
tumors have increasingly been recognized as a
complex pathological organs, the specialized cell
types within tumor microenvironment should be
individually studied so as to better understand cancer
biology (12). Previous studies have shown that cancer
cells modulate stromal cells that lack genomic
instabilities in the cancer microenvironment by
changing their miRNAs expression profiles (13, 14). In
addition, circulating miRNAs have been found as
specific biomarkers for both early detection of
carcinogenesis and prediction of treatment response.
Accumulating evidences showed that tumor cells
communicate with stromal cells in the local
environment or even in the remote organs via
secretion microvesicles packed with miRNAs. These
miRNAs then released from microvesicles into the
target stromal cells as messengers to dictate them so
as to facilitate tumor progression and metastasis. (15)
Recently, a few studies show the genetic changes
in CAFs (16, 17). However, deep analysis of CAFs
from breast and ovarian cancer reals genetic
alterations in CAFs are actually uncommon or even
rare (18, 19). Genomewide analysis of breast cancer

stroma suggests that the stable phenotype of CAFs is
likely to be regulate by epigenetic alterations (16). In
recent studies, miRNAs desregulation has been
detected in other cancer-associated stromal cell types,
such as cancer-associated macrophages (TAMs),
osteoclasts and myeloid derived suppressor cells
(MDSCs). Studies also suggest the differential
miRNAs expression pattern in CAFs and normal
fibroblast (NFs) from several types of cancers and
propose that miRNAs dysregulation is associated
with various CAFs behavior. (9, 20) This review will
describe miRNAs which are differential expressed
between NFs and CAFs, their function in regulating
fibroblasts activation as well as miRNAs expressed by
CAFs as the prognostic factors in cancer. We will also
discuss role of miRNAs in CAFs mediate cancer
progression and metastasis, cancer metabolic changes,
cancer stem cell property and cancer chemoresistance.
(Fig 1) The main findings of miRNAs dysregulation
contribute to CAFs phenotype and functions are
summarized in Supplementary Table 1.

Interaction between CAFs and cancer
cells by secreted miRNAs
Extracellular vesicles (EVs) are novel identified
vectors for the intercellular communication. In
general, EVs are defined as a series of
membrane-bound organelles between 40 and 1,000
nm in diameter. Among these EVs, exosomes are
derived from the endosomal compartment with
30–100 nm diameters. Multiple components of tumor
microenvironment including cancer cells, CAFs and
inflammatory cells can communicate by secreting
EVs. The secreted EVs can not only affect the
surrounding cells but also travel to the distant organs
remodeling the pre-metastatic microenvironment.
The essential massages contained in EVs from the
secreted cell include proteins, nucleic acids and lipids.
(21, 22). Morello et al show that miR-1227 is a miRNA
abundant in the large oncosomes produced by
RWPE-2 tumorigenic prostate cells. MiR-1227 can
transfer into CAFs by Large oncosomes, and enhance
CAFs migration (23). MiR-409 is found to up regulate
in CAFs from prostate cancer. MiR-409 transfected
normal prostate fibroblasts acquire CAFs phenotype
and secrete miR-409 via EVs to induce cancer cell
EMT process in vitro and in vivo. (24) Apart from
transferred by excellular vesicles like exosome,
miRNAs can also be released directly into the
extracellular fluid and uptake by other components of
tumor microenvironment and exert their effects.
MiR-133b was found to increase both in the
conditioned media and exosome from prostate
patient-derived CAFs compare to these obtained from
normal fibroblasts. The miR-133b then acts as soluble
http://www.ijbs.com
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factor for paracrine stimulation of both fibroblasts and
tumor cells and further increases their endogenous
miR-133b expression. Thus, a positive feedback loop
of secreted miR-133b in both prostate cancer cell and
CAFs is formed (25).

MiRNAs dysregulation contribute to
CAFs phenotype
According to Shalom Madar, ‘CAFs’ should be
defined as a fibroblast dynamic state in the presence
of
cancer
microenvironment
that
possess
pro-tumorigenic properties – for brevity a ‘CAF
state’(26).Currently, the most reliable methods to
define CAFs in vitro is a combination of
morphological feature and biological marker (7).
CAFs appear morphologically in a form of activated
fibroblasts and produce massive ECM ingredients.
Typical activated fibroblasts are different from normal
fibroblasts which comprised of abundant rough
endoplasmic reticulum and a large oval euchromatic
nucleus with one or two nucleoli. The inactive normal
fibroblasts comprise smaller endoplasmic reticulum,
flattened and heterochromatic nucleus. (3). Several
proteins have been used as markers of CAFs
including α-SMA, tenascin-C, neuron glial antigen
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(NG2), PDGFR -α/β, FAP, thy-1 (CD90), podoplanin,
CAV-1 and FSP-1/S100A4. Among them, α-SMA is
the most commonly used marker. (27, 28) In order to
sustain the ‘CAF state’ in tumor microenvirionment,
three possible mechanisms may involve in fibroblasts
activation: genetic mutations, epigenetic alterations,
and persistent environmental effects. Among them,
changes of miRNAs expression which belong to
epigenetic alterations are considered as an important
controller in maintain ‘CAF state’ (26, 29). MiRNAs
involved in fibroblasts activation are heterogeneous
among organs and tumor types, this may partly due
to the phenotypic and functional heterogeneity in
CAFs from different tissue and tumor type. Recently,
miRNAs were found to release from CAFs or cancer
cells into the media and act as a paracrine stimulus to
activate the adjacent fibroblasts, thus facilitate
spreading ‘CAF state’ into the whole surrounding
fibroblasts in cancer if necessary (25). Several studies
indicated that exogenous overexpress of miRNAs is
able to convert normal fibroblasts into CAFs-like cells
with the same phenotype in vitro (Table 1). These
evidences confirmed the critical role of miRNAs in the
process of fibroblasts activation.

Figure 1. miRNAs dysregulation contributes to CAFs phenotype and functions
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Table 1. MiRNAs involved in fibroblasts activation
Ref

Fibroblasts source

(25)

human prostate
cancer tissue

(40)

Differential
expression
MicroRNAs
miR-133b

TGFβ induced HPFs
IL-6 induced HPFs
breast cancer tissue miR-146b-5p

Up-regulate/down-regulate in methods to verify microRNA function
CAFs

CAFs markers

Up-regulate

Exogenous Overexpression of the
miR-133b in primary normal prostate
firoblasts

α-SMA, FAP,
S100A4

down-regulate

ectopic expression of miR-146b-5p in
CAFs
inhibition of miR-146b-5p in breast
stromal fibroblasts

α-SMA

Up-regulate

treated with mouse pancreat normal
fibroblasts with pacreatic cancer cell
derived microvesicles containing
miRNA-155
ectopic expression of miR-149 in CAFs

α-SMA and FAP

normal breast tissue

(69)

normal breast
ajacent to cancer
mouse pancreat
tissue

miRNA-155

(38)

gastric cancer tissue miR-149

down-regulate

(66)

gastric tissue
esophageal cancer

miR-27a/b

Up-regulate

(24)

normal esophageal
tissue
prostate cancer

miR-409

Up-regulate

Ectopic expression of miR-409 in normal
prostate stromal fibroblasts

α-SMA

miR-145

Up-regulate

transfected normal fibroblasts with
pre-miR-145 and inhibit miR-145
expression in CAFs

α-SMA

miR-21

Up-regulate

HGF-1 fibroblasts transfected or inhibited S100A4
with miR-21

Up-regulate

Stable ectopic expression of miR-21 in
immortalised MRC5 fibroblasts

α-SMA

Up-regulate

Exogenous Overexpression of the
miR-133b in primary normal prostate
firoblasts

α-SMA and
collagen I

(70)

(71)

normal prostate
tissue
scirrhous type
gastric cancer
normal gastric
tissue
esophageal cancer

inhibition of miR-149 in NFs
Normal fibroblasts from esophagus
transfected with pre-miR-27a or
pre-miR-27b

FAP

α-SMA and
vimentin

HGF-1cell
(43)

MRC5 lung
fibroblast cell
Primary colonic
fibroblasts

(39)

benign prostatic
hyperplasia

miR-210

MiRNAs in CAFs as stromal marker for
cancer prognosis
In addition to the functional researches that
demonstrate the cancer supportive effect of cancer
stroma, several studies also try to confirm the clinical
and pathological importance of cancer stroma in
cancer development (30, 31). It is hypothesized that if
certain components from cancer stroma are related to
the tumor-supportive capacity, they may also become
promising cancer prognostic factors. As the cancer
promotion abilities of CAFs were increasingly been
recognized, many strategies were conducted to
explore the prognostic value of CAFs. FAP, a marker
of activated fibroblasts during tissue remodeling and
CAFs, is demonstrated a relation to shorter survival in

a small study of unselected NSCLC patients (32).
Podoplanin, a membrane glycoprotein which is
suggested as a novel marker for CAFs, is
demonstrated to be correlated to shorter recurrence
free survival in early stage lung cancer. (33, 34)
However, in breast cancer, FAP expression in CAFs
showed significantly longer disease free and overall
survival (35) and podoplanin expression in CAFs
expression yielded conflicting results regarding its
prognostic value (36, 37). Thus, there is still no
conclusion about if the activate fibroblasts marker are
negative prognostic factor of cancer. It is possible that
CAFs from different cancers express the same
markers have different properties due to the large
heterogeneity between CAFs (28). Therefore, due to
its complex signaling pathway and the diversity of
cells origin, it is still challenging to determine
http://www.ijbs.com
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common CAFs markers which are strongly related to
the clinical features. Based on differential miRNAs
expression profile between normal and cancer
associated fibroblasts, several single miRNAs were
chosen to verify their prognostic value. (Table 2)
However, these studies were in the light of a single
miRNAs marker just providing a reference value of
the candidates and did not come to the prognostic
results based on multivariate analysis. As single
miRNAs markers are insufficient to describe the
heterogeneous subgroups of CAFs, developing a
comprehensive miRNAs signature seems to better
define ‘CAFs state’ and subsequently for
prognostication. Future studies are likely to integrate
global miRNAs expression profiling information of
CAFs from publicly available data sets and identify
miRNAs signatures capturing different aspects of
CAFs which associated with patient outcome for
potential clinical application.
Table 2. MiRNA in CAFs as prognosis factor in cancer stroma
Ref Cancer MicroRNA Up
type
regulate/
down
regulate
in CAFs
(72) Gastric miRNA-106 Up
cancer b
regulate
(46) Gastric miR-143
Up
cancer
regulate

methods

Survival
analysis
Kaplan–Meier

Case
number

ISH

Poor survival

120

Cytological
localization
qRT-PCR
ISH

worse
cancer-specific
mortality
correlated with
higher Gleason
score and poor
survival
worse
cancer-specific
mortality

68

(24) Prostate miR-409
cancer

Up
regulate

(70) Gastric miR-145
cancer

Up
qRT-PCR
regulate

55

71

Role of miRNAs in CAFs mediated cancer
progression and metastasis
Compared with normal fibroblasts, primary
cultured CAFs derived from malignances have an
enhanced proliferate ability and produce more
growth factors, collagen and ECM regulators. This
was so called the intrinsic CAF phenotype. Apart
from the intrinsic phenotype, the extrinsic phenotype
of CAFs is the cancer promotion capability, which is
also the gold standard for identifying CAFs. This
effect is in large part driven by the secretion of
cytokines and growth factors that affect proliferation,
survival, adhesion, and migration of cancer cells and
is usually confirmed by coculture test in vitro and in
vivo. (26) In the light of differential miRNAs
expression pattern between CAFs and NFs, studies
were carried out to determine key functions of
miRNAs that play important role in CAFs. By genetic

intervention of miRNAs expression in NFs, NFs can
not only acquire activated fibroblasts marker (Table 1)
but also exhibited tumor enhancing abilities.
Meanwhile, transform the expression of dysregulated
miRNAs in CAFs attenuated their tumor enhancing
functions.
One of the classic cases that described miRNAs
regulation of fibroblasts tumor promotion abilities is
conducted in ovarian cancer. The study suggested
that normal ovarian fibroblasts can be reprogramed
into CAFs by combined the upregulating miR-155 and
downregulating of miR-214 and miR-31. The
enhanced tumor-promoting functions by three
miRNAs intervention in fibroblasts was validate in a 3
dimension co-culture model in vitro. MiR-214 both
regulates fibroblasts migration and tumor cells
invasion, miR-155 mainly affects the invasion ability
of tumor cells, and the function of miR-155 is related
to the colony formation of tumor cells. This study also
identified CCL5 as a target of miR-214 and showed
anti-CCL5 abolished the tumor promotion ability of
miR-214
transfected
CAFs.
(29)
Epithelial-to-mesenchymal transition (EMT) is a
critical step in cancer metastasis, and this procedure
can be induced by CAFs. In gastric cancer, CAFs
enhance
EMT
of
cancer
cells
in
a
miR-149-IL-6-dependent manner which was verified
by EMT marker such as N-cadherin, vimentin and
snail (38). When PC3 prostate cancer cells are
co-culturing with miR-210 transfected sencent
prostate fibroblasts, their EMT traits are enhanced
with raised vimentin, ZEB1 and ZEB2 expression and
reduced E-cadherin expression (39) .Conditioned
media from miR-146–5p-defective breast stromal
fibroblasts promote EMT of breast cancer cells
through increased N-cadherin, vimentin and Snail
expression and decreased E-cadherin expression
compared to control cells. (40)
MiRNAs regulate the tumor promoting effects of
CAFs through various cytokines and signal pathways
such as MMPs, IL-6, transforming growth factor-b/
SMAD signaling, FGF-2/ FGFR1 axis, PTEN
signaling, estrogen receptor signaling. Matrix
metalloproteinases (MMPs), matrix metalloproteinase
inhibitors, and extracellular matrix (ECM) component
were commonly secreted by CAFs to regulates other
components in tumor microenvironment. (41). It is
known that RECK can modulate MMP2 expression
through a series of post-transcription mechanism and
are widely involved other cancer related biological
pathways. (42) Ectopic miR-21 expression in
fibroblasts induce myofibroblast transdifferentiation
by increased a-SMA expression and resulting in
downregulated RECK expression which lead to
increased MMP2 activity. (43) Interleukin-6 (IL-6) is a
http://www.ijbs.com
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multifunctional cytokine which plays key roles in the
interaction between tumor cancer and tumor
microenvironment (44). In breast cancer, IL-6 is
suggested to involve in cancer cell dependent
activation of stromal fibroblasts (22). MiR-146b-5p, a
cancer suppressor miRNAs which represses various
pro-carcinogenic processes, was shown to repress
breast stromal fibroblasts activation via IL-6/STAT3
signaling. Ectopic expression of pre-miR146b-5p in
breast
stromal
fibroblasts
suppressed
their
pro-tumorigenic effects by inhibiting their migration/
invasion abilities and their expression of α-SMA,
TGF-β1 and SDF1. (40) TGF-β is also a multifunctional
cytokine which important roles in the cross talk
between cancer cells and CAFs. The classic TGF-β
signaling pathway is delivered by the downstream
SMAD protein family (45). In scirrhous type gastric
cancer, TGF-β regulates the expression of collagen
type III both in NFs and CAFs in a SMAD-dependent
manner. Moreover, miR-143 was identified as a novel
regulator of collagens which enhanced collagen type
III expression in NFs and CAFs through activation of
TGF-β/ SMAD signaling. Down regulation of
miR-143 in fibroblasts significantly abolish TGF-β
induced collagen type III expression by targeting
SMAD2. (46). FGF-2/ FGFR1 axis also mediated the
tumor microenvironment cross-talks. Analysis of the
FGF signaling in a variety of solid tumors shows that
excessive activation of the FGF signaling pathway
could promote tumor proliferation, invasion, and
drug resistance. (47-52) In prostate cancer, miR-15 and
miR-16 were found to be down regulated in CAFs.
Upregulation of miR-15 and miR-16 impaired CAFs
pro-tumorigenic ability partially by reduced FGF-2
and FGFR1 protein expression. In a mouse model,
DU145 prostate cancer cell co-inoculated with a
higher amount of miR-15/16 transducted fibroblasts
could not even form tumors, whereas empty vector
fibroblasts mixed with DU145 strongly promoted
tumor formation. A reduced FGF-2 expression in both
tumor and stroma part of mouse tumor mass were
considered as the possible mechanism (53). PTEN is
known as a tumor suppressor gene, while the function
of
PTEN
in
CAFs
is
not
well-studied.
Pten-miR-320-Ets2 tumor
suppressor
axis
in
mammary stromal fibroblasts can modulate the
inter-cellular communication within the tumor
microenvironment. Loss of Pten in mammary stromal
fibroblasts lead to down-regulation of miR-320 and
reprogramming the phenotype of neighboring
endothelial and cancer cells of the mammary gland by
producing tumor promoting secretom in fibroblasts
conditioned media. (54) In estrogen-related
malignances,
estrogens
can
influence
the
proliferation, differentiation and biological behavior

of tumor by binding to the estrogen receptor (54).
Recent studies have suggested that G protein
receptors, GPER (G protein estrogen receptor) and
GPR30 (G protein-coupled receptor 30), are involved
in estrogen related effects in many normal and tumor
tissues. (55) (21). In breast cancer, it was demonstrated
that GPER/miR144/Runx1 signaling pathway exits in
CAFs, which play promotion effects through
interaction with cancer cells. (56)

Role of miRNAs in CAFs regulation of
cancer stem cells
Currently evidences indicate that CAFs are
participated in cancer stem cell (CSC) regulation by
CAFs derived cytokines and chemokines which
activate Wnt, Notch, BMPs, hedgehog signaling. CAF
modulate of CSCs in the following ways: Firstly,
CAFs can directly act on CSCs to induce their
self-renew process(57). Secondly, CAFs can
reprogram and induce a stem cell phenotype in
relatively differentiated tumor cells, thus increasing
the CSC pool(58). Thirdly, CAF can stimulate the
autocrine signaling loops in CSCs and keep them in a
stem cell state. (59) In gastric cancer, MiR-149 was
down regulate in CAFs from gastric cancer and high
expressed in NFs from adjacent gastric tissue. The
ALDH high expression subgroup of gastric cancer
cells can be increased by CAFs in a
miR-149-IL-6-dependent manner. Supernatant from
miR-149 transfected CAFs fail to increase ALDH high
expression subgroup cancer cells and this can be
rescued by IL-6 supplementation. In contrast,
Supernatant from anti-miR-149 transfected NFs
obtain the ability to raise ALDH high expression
cancer cells like CAFs, and this is abolished by IL-6
neutralizing antibody. As ALDH high expression
cancer cell subgroup partly represent the CSCs, the
results indicated miR-149 in gastric fibroblasts has a
indirect effect on CSC proliferation and CSC
phenotype induction. (38)

Role of miRNAs in metabolic
reprogramming of CAFs
Recently, CAFs are found to secrete large
amounts of metabolic products including lactate and
ketone bodies. These products are then uptake by
cancer cells for anabolic metabolism or oxidative
phosphorylation (60). Apart from lactate and ketone
bodies, a large number of mitochondria metabolic
substrates including fatty acids, glutamine, other
amino acids are also provided by CAFs to support
cancer cells growth(6). In fact, the glycolytic behavior
of CAFs has been regarded as a common nature or
even as an essential step for CAFs activation, while
http://www.ijbs.com

345

Int. J. Biol. Sci. 2017, Vol. 13
the underlying signaling cascade has been
increasingly recognized (61). Metabolic collaboration
between catabolic fibroblasts and anabolic tumor cells
is detected in several types of malignancies such as
breast cancer, head & neck cancer, prostate cancer and
lymphomas. Such catabolic status detected in CAFs is
secondary to metabolic stress response induced by
ROS. HIF1-α induced aberrant activation of NF-κB
signaling in CAFs play key roles in motivate the
oxidative stress, autophagy, glycolysis and senescence
process.(6).
Several studies reported miRNAs are involved in
metabolic reprogramming of CAFs. MiR-210 is a
hypoxia-associated miRNAs. When human prostatic
fibroblasts were cultured in hypoxic condition, the
miR-210 expression was increased by six-fold.
MiR-210 transfected prostate fibroblasts induce cell
senescence and increase the CAFs marker α-SMA
expression. Moreover, senescent fibroblasts induced
by miR-210 transfection can supply cancer cells with
amounts of L-lactate and ketone bodies. (39) Recent
studies suggested that HK2, an isozyme contributes to
aerobic glycolysis, is increased in the CAF cells. HK2
expression can be regulated by miRNAs, either
directly or indirectly (62, 63). MiR-182 targets the
3′UTR of HK2, and regulate HK2 expression in both
mRNA and protein level in CAFs. (64) Many
rate-limiting enzymes in tricarboxylic acid cycle
aerobic metabolism and anaerobic glycolysis are
regulated
by
miRNAs.
IDH3a
(isocitrate
dehydrogenase 3) is a critical rate-limiting enzyme in
the TCA cycle which is commonly decrease in CAFs.
IDH3a downregulation triggers the metabolic switch
from oxidative phosphorylation to glycolysis in CAFs,
while IDH3a overexpression decreased the expression
of glycolysis-related enzymes, including GLUT1,
HK2, and PFKM. D. Zhang et al reported that miR-424
is
responsible
for
TGF-β-induced
IDH3a
downregulation in CAFs. MiR-424 overexpression
increased the expression of glycolysis-related
enzymes, including GLUT1, HK2, and PFKM. Lactate
production
was
upregulated
in
miR-424-overexpressing fibroblasts by approximately
2-fold compared to control fibroblasts. Glucose
uptake was increased more than 2-fold in
miR-424-overexpressing fibroblasts compared to
control fibroblasts. MiR-424 overexpression also
decreased oxygen consumption and oxidative
phosphorylation. MiR-424 overexpression increased,
whereas miR-424 knockdown decreased HIF-1a in
protein level, which is an important player in the
regulation of glycolysis. (20)

Role of miRNAs in CAFs conducted
chemoresistance
Chemoresistance is the one of the main cause of
poor prognosis in cancer patients. Chemoresistance is
not only conducted by cancer cells but also by changes
of the components of cancer microenvironment.
Among these components, CAFs is a important
regulators the sensitivity to chemotherapy. (7) By
using a coculture system in vitro, CAF mediated
chemoresistance can be detected as a common
phenomenon. CAFs secret hepatocyte growth factor
(HGF) can lead to target therapy resistance in
BRAF-mutant melanoma through mitogen-activated
protein kinase (MAPK) signaling pathways (45).
Moreover, exosomes derived by CAFs can induce
colon cancer cells resistant to 5-fluorouracil (5-FU) or
oxaliplatin by increasing the population of cancer
stem cells (7, 65). Tanaka et al detected in esophageal
cancer that patient with high levels of miR-27a/b in
serum is correlated with poor chemotherapy
response. MiR-27a/b transfected cancer cell shows no
difference in chemosensitivity. By contrast,
conditioned media from normal fibroblasts
transfected with miR-27a/b can reduce the
chemosensitivity of esophageal cancer cells to
cisplatin in vitro. Increased TGF-β level is found in
conditioned media from normal fibroblasts
transfected with miR-27a/b and administration of
TGF-β neutralizing antibody to the supernatant
recovered cancer cell chemosensitivity (66). Donahue
et al conducted a retrospective study to evaluate
tissue miR-21 expression levels in predicting
gemcitabine or 5-fluorouracil (5-FU) response in a
cohort of pancreatic ductal adenocarcinoma (PDAC)
patients from the RTOG 9704 trial. They show that
miR-21 is strongly expressed in CAFs in 152/181
(84%) patients and miR-21 expression in CAFs is
associated with decreased OS in PDAC patients who
received 5-FU, but not gemcitabine. The study
suggests stromal miR-21 as a marker to guide
chemotherapy choice in PDAC patients. (67) Another
study shows miR-21 is involved in CAFs related
chemoresistance in CRC cancer. Ectopic expression of
miR-21 in a human fibroblast cell line shows similar
morphological appearance as myofibroblasts with
increased α-SMA expression. Moreover, conditioned
medium from miR-21-overexpressing fibroblasts
protected CRC cells from oxaliplatin-induced
apoptosis and increased their proliferative capacity
(43). In ovarian cancer, high level of miR-21 is
detected in the exosomes from CAFs compared to
normal ovary fibroblasts. Exosome miR-21 transferred
from CAFs into cancer cell not only promote cell
invasion but also suppresses cell apoptosis and
http://www.ijbs.com
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induced paclitaxel resistance by binding to
APAF1.(44) J. Li, et al show that CAFs from lung
cancer patient promoted lung cancer cell resistant to
cisplatin in a paracrine manner. High amount of
SDF-1 is detected in CAFs which facilitated drug
resistance and miR-1 was confirmed negatively
regulated the expression level of SDF-1 in the
CAFs (68).

Future direction
This review described the cross talk manners
between cancer cells and CAFs bridged by miRNAs.
The process that normal stromal fibroblasts
remodeled by cancer cell into CAFs or ‘CAFs state’
cells is reflected by changes of miRNAs expression
profile. These changed miRNAs then directly or
indirectly participate in multiple functions of CAFs as
a response. Due to the different biological
characteristics between cancer cells and CAFs, the
same miRNAs may play different roles in them.
Meanwhile, although there are some special miRNAs
deregulations in CAFs from certain kind of cancers,
some miRNAs are shown to play a common role in
CAFs in different tumors. These miRNAs may have a
more basic function in the various communications
between cancer cells and CAFs. The studies in this
review indicated that miRNAs are involved in almost
all the aspects of the communication between cancer
cells and CAFs including CAFs regulation of cancer
progression and metastasis, cancer stem cell property,
chemoresistance as well as cancer metabolism. The
novel cell communication manner by intracellular
exosome miRNAs transition provides us a new
insight to explore the complicated network of the
tumor microenvironment. As our understanding of
miRNAs biology and cell-cell communication
improved, the importance of miRNAs in CAFs
regulation network will be further explored. The
powerful ability to promote tumor progression and
relatively stable genetic background makes CAFs a
considerable potential targets for cancer therapy.
MiRNAs regulation increase the difficulty to
understand the complex interactions between cancer
cell and CAFs, however, it also provide a new
opportunity for treatment. Future studies should
identify which of these desregulated miRNAs in
CAFs are passengers and which ones are drivers in
CAFs network for development of miRNAs target
therapy. Meanwhile, developing effective agents to
block the extracellular miRNAs travelling across
CAFs and cancer cells shall be a promising anti-cancer
method. In conclusion, the comprehensive miRNAs
regulation networks involved in the cross talk
between cancer cell and CAFs is worth deep
investigation and may yield novel cancer treatment

solutions that assist the current cancer management to
achieve a better response.
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