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Abstract: The tumor microenvironment, including cancer-associated fibroblasts (CAF), has developed
as an important target for understanding tumor progression, clinical prognosis and treatment
responses of cancer. Cancer cells appear to transform normal fibroblasts (NF) into CAFs involving
direct cell-cell communication and epigenetic regulations. This review summarizes the current
understanding on miR involvement in cancer cell—tumor environment/stroma communication,
transformation of NFs into CAFs, their involved targets and signaling pathways in these interactions;
and clinical relevance of CAF-related miR expression profiles. There is evidence that miRs have very
similar roles in activating hepatic (HSC) and pancreatic stellate cells (PSC) as part of precancerous
fibrotic diseases. In summary, deregulated miRs affect various intracellular functional complexes,
such as transcriptional factors, extracellular matrix, cytoskeleton, EMT/MET regulation, soluble
factors, tyrosine kinase and G-protein signaling, apoptosis and cell cycle & differentiation, but also
formation and composition of the extracellular microenvironment. These processes result in the
clinical appearance of desmoplasia involving CAFs and fibrosis characterized by deregulated stellate
cells. In addition, modulated release of soluble factors can act as (auto)activating feedback loop
for transition of NFs into their pathological counterparts. Furthermore, epigenetic communication
between CAFs and cancer cells may confer to cancer specific functional readouts and transition of
NE. MiR related epigenetic regulation with many similarities should be considered as key factor in
development of cancer and fibrosis specific environment.
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1. Introduction

Over the years the tumor microenvironment has developed as an important target for
understanding tumor progression, clinical prognosis and treatment responses of cancer, such as for
chemotherapy and radiation. General understanding of a dynamic relationship between the expanding
tumor and the host surrounding tissue is advancing. Cancer-associated fibroblasts (CAF) are a major
cellular constituent of this tumor stroma, but little is known how cancer cells transform normal
fibroblasts (NF) into CAFs and about the cell-cell communication between cancer cells and CAFs.
These cells and their interactions seem to be relevant for various cancer related phenomena, but also
for resistance against treatment modalities [1]. For example, CAFs can promote tumorigenesis, growth,
invasion and metastasis of cancer, whereas NFs are thought to suppress tumor progression [2]. As one
key event CAF activation appears to induce alternative production and secretion of extracellular matrix
(ECM) proteins resulting in ECM remodeling and cancer cell invasion [3]. Resulting desmoplasia is
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not only attributed to CAFs but also to surrounding stellate cells, which are believed to play critical
roles in conferring cancer aggressiveness.

Although it is fully accepted that microRNA (miRs) are deregulated in human cancers, we are
only at the beginning of elucidating whether miR expression and function in resident fibroblasts of
the tumor microenvironment are affected by their interactions with cancer cells. There is increasing
evidence that miRs are involved in the transformation from NFs into CAFs and that vice versa, miRs
released from CAFs can affect various characteristics of cancer cells. Collectively, published results
suggest a crosstalk between CAFs and cancer cells, which in part may confer increased aggressiveness
to the tumors [4].

MiRs are small noncoding RNA molecules that negatively regulate gene expression at a
post-transcriptional level. Their target genes are known to affect cell differentiation, adhesion,
migration, proliferation, secretion and cell-cell interaction, among others. It has also been proposed that
miRs can reprogram various somatic cells to become pluripotent stem cells [5]. MiRs frequently occur in
clusters at a short inter-miR distance [6] and are usually combined by a single promotor/transcription
region for all cluster members. They have to be differentiated from miR families where sequence
homology is the major determinant. Clustering appears to be an important way of evolutionary
spreading of miR genes throughout the human genome and many clusters have a significant degree of
evolutionary conservation [7], indicating that miR clustering is important for their biological role due
to combined regulation of their expression [8].

The aim of this review was to summarize the current understanding on: (a) how miRs are involved
in cancer cell—tumor environment/stroma communication, specifically the transformation of NFs into
CAPs, their involved targets and signaling pathways in these interactions; and (b) whether CAF-related
miR expression profiles are clinically relevant. By reviewing the literature we also found evidence that
miRs have very similar roles in the activation of hepatic (HSC) and pancreatic stellate cells (PSC) which
are also specifically activated fibroblasts being part of precancerous fibrotic diseases, like pancreatic and
hepatic fibrosis. HSC and PSC are major determinants of the well-known phenomenon desmoplasia
and are considered as significant part of the precancerous microenvironment in fibrotic tissue, esp. in
these two organs. Therefore, miR-related similarities and differences related to tumor-related cellular
dysfunctions between the various types of activated fibroblasts were included in this review.

2. Methods

A PubMed search was performed using combinations of the following keywords: miR, microRNA,
cancer associated fibroblasts, cancer and fibroblasts, hepatic stellate cells (HSC) or pancreatic stellate
cells (PSC). Articles that met the criteria included:

e  (Jmir] OR [miR] OR [microRNA]) AND [cancer] AND ([caf] OR [cancer associated fibroblasts]) = 184;
e  ([mir] OR [miR] OR [microRNA]) AND [cancer] AND ([hsc] OR [hepatic stellate cells]) = 64;
e  ([mir] OR [miR] OR [microRNA]) AND [cancer] AND ([psc] OR [pancreatic stellate cells]) = 15.

Relevant publications were identified by screening the abstracts and the text of the entire published
paper as necessary. Reference lists from relevant articles were also searched for additional literature.
Data were extracted from the article, or if only available from the abstracts. This method was applied
until the beginning of May 2016 and has been updated in January 2017.

A narrative review of relevant literature was conducted to identify and summarize evidence that
miRs play a pivotal role in the communication between cancer cells and environmental fibroblasts.
Due to clinical and functional similarities of fibroblasts in cancers and precancerous lesions, pancreatic
and hepatic fibrosis were included in this search. Specific focus was given towards cluster organization
of the reported miRs.
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3. Clinical Relevance of miR in CAF

Very few data are available on deregulated miR-expression in CAFs from clinical specimens.
Up- and downregulation of miRs has been found comparing normal or tumor-adjacent fibroblasts.
For example, in ovarian CAFs, miR-31 and miR-214 were downregulated, whereas miR-155 was
upregulated [5]. In contrast, expression of miR-31 in CAFs was higher than in normal colorectal
fibroblasts [9]. In endometrial cancer miR-148a [10] and miR-31 [11] were downregulated. MiR-26b
was downregulated and miR-92 was upregulated in CAFs from estrogen receptor (ER)-positive breast
cancers [12,13]. Downregulation of miR-200 family members in activated CAFs has been found in
breast [3,14], gastric [15] and pancreatic cancer [16]. Interestingly, a reciprocal correlation of miR-200
and its putative target expression (SIP1 and E-cadherin) compared between pancreatic CAFs and cancer
specimens was reported [16]. In addition, miR-21 was frequently upregulated in CAFs in various
entities [17,18]. Moreover, expression of this miR in stellate cells derived from normal pancreas was
substantially lower when compared to PSCs or CAF cells [4]. Specific upregulation of miR-409-3p and
miR-409-5p was found in prostate cancer stromal tissue specimens [19], whereas miR-15 and miR-16
were downregulated in fibroblasts surrounding prostate tumors [20]. Additional mixed patterns were
found by array technologies in breast [10,14], lung [21] and prostate [22] cancer specimens in very
small patient cohorts, but the evidence for reproducible cancer specificity of such signatures is still
very limited. These genome-wide screenings provided potentially deregulated miRNAs in CAFs from
different entities (upregulated: miR-221-5p, miR-31-3p, miR-221-3p; and reduced: miR-205, miR-200b,
miR-200c, miR-141, miR-101, miR-342-3p, let-7g, miR-26b) (Table 1). Interestingly, contradictory results
between clinical and experimental samples have been reported, such as for miR-106b (compare Table 2).
These different observations of dysregulated miR has also been observed in other context for which
the authors provided the model of regulators freedom for miR regulation (see review in ref. [8]).

Prognostic impact of altered miR expression in CAFs in clinical cohorts has been observed for
patients with breast cancer (miR-26b) [12], gastric cancer (miR-106b [23], miR-143 [24], miR-145 [25],
miR-200b [15]), esophageal carcinoma (miR-21 [17], miR-27a/b [26]) and pancreatic adenocarcinoma
(miR-21 [17]). Furthermore, miR-21 expression in CAFs was elevated in colorectal cancer specimens
compared to fibroblasts in colonic polyps [27] and it was associated with decreased overall survival
in pancreatic cancer patients who received 5-FU, but not gemcitabine [18]. It has also been
reported that miR-27a /b are involved in resistance to chemotherapy in esophageal cancer through
miR-27a/b-induced transformation of NFs into CAFs [26].

Clinical expression data for PSCs have not been published yet, but for HSCs and liver fibrosis
several investigations are available. The hepatic contents of miR-21 [28,29], miR-33a [30] and
miR-200b [31] were significantly increased in liver specimens from human patients with liver fibrosis
as compared to normal patients. Upregulation was also identified for miR-199a-5p/199a-3p and
miR-221/222 in hepatitis C induced liver fibrosis in a fibrosis progression-dependent manner [32].
Members of the miR-17-92 cluster (19a, 19b, 92a) [33], miR-29, miR-133, miR-193 and miR-30c [34,35]
were observed to be specifically downregulated in human liver fibrosis and HSC, while they showed
a reciprocal expression pattern after recovery from liver fibrosis. Reduced expression of miR-144
was correlated with elevated HSC-specific expression of transforming growth factor-p1 (TGF-31)
and expression of x-SMA in fibrotic liver tissues. In contrast, miR-200c did not show comparable
differences and correlations [36]. Hepatic expression levels of miR-199a, miR-199a*, miR-200a, and
miR-200b were positively associated with progression of liver fibrosis [31,37].

In liquid biopsies, levels of miR-17-5p [38], miR-21 [28], miR-33a [30] and miR-181b but not
miR-181a expression [39] were higher in fibrotic than in normal patients. In addition, miR-133a
serum levels were increased in patients with chronic liver disease and indicative for the presence and
progression of liver cirrhosis [35].
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Table 1. Direction of deregulated miR expression in CAFs in clinical cohorts of various cancer entities.

Cancer Entity

Alteration in Clinical Specimens microRNA
Breast Ovarian Endometrial  Esophageal Gastric Colorectal Pancreatic Prostate Mixed Entities

miR-21 1 1 T
miR-31 0
miR-92 T

upregulated miR-221
miR-409 )
miR-155 T

miR-15
miR-16
miR-26b !
miR-31 1l 1
miR-101
miR-106b 1
downregulated miR-141 4
miR-148a 1
miR-200 dabe* bp* dab* boc*
miR-205 {
miR-214 1
1
1

PEE

miR-342
miR-let7g

* reported members of the miR-200 family are listed accordingly.
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Table 2. Deregulated miRs in (A) CAFs and (B) HSC/PSC, consequences on cellular functions and identified target structures. MiRs that occur in clusters are
highlighted with blue background.

(A)
i 1lul
MiR with Cancer R?fux:itll{on Interaction in CAFs Celular Consequences Path: T: t:
L i i athwa argets
Cluster Entities in CAFs Migration  Invasion  Adhesion Growth thferafmn, Differentiation Chemoresistance Apoptosis Methylation v 8
Progession
g p-AKT, p-ERK Fgf-2 and its
&1 pe + a-SMAT T T T T receptor Fgfrl 1
27a/b EOC T «-SMA 1t T 1 TGF-B
92 BC 1 1
106b GC T a-SMA 1t T T T TGF-B 1 PTEN
101 BC, LC " «-SMA 1, IL-6 1 " I 1 I 1 + ! PI;EFAS b CXCL12 |
«-SMA 1, Collagen Typ TGF- /SMAD
125, 1 Ge U It T U T signaling 1
BC, LC, ZEB1, ZEB2 1; Flt 1
200a,200b L, oL % o-SMA |1, IL-6 1 i % i N " 1 TGF-p 1 L SH,lT
221 BC, PaC 1 ®-SMA 1, IL-6 1 T 1 T TGF- NF-kB, K-Ras 1
214 ocC 1 cytokines 1 0 ) ) CCL5
127 BC 1 0 p53/p21 1 BCL6 oncogene 1
«-SMA, IL-6 1, Collagen
133b PC 1 Al 1 TGF-B 1
141, 200c BC 1 «-SMA 1, IL-6 1 T T 1 1T 1 T TGE-B 1 Fli-1, TCF12
342 BC 1 o-SMA 1, IL-6 1 T 1 1 T 1 1 TGF-B 1
365 BC 1 IL-6 T 1T p38 MAPK | NEF-«B p65 1
«-SMA, EMT 1, ]
409 PC 1 extracelluar vesikel (EV) 1 + ftjz;‘lall’ﬁffz;lz
release 1 &
(B)
i i Regulation
Mcllli :t’;:h PSCHHSC ok in Interaction in Cells Cellular Consequences Pathway Targets
PSC/HSC Migration Growth Development, Proliferation, Progession, Activation Fibrosis, Apoptosis
Movement
15,16 PSC 1 T BCL-2 1
retinoid X receptor
27a/b HSC 1t T alpha
Collagen Type I alrld SMAD? |, TGF- 2
17,19 HSC 10 a-SMA T}, expression of ! 1 1 TGF-p 11} rezeptor and
ol(D) and o2(D SMAD 3, GRB2
procollagen in mRNAs T !
101 HSC 1 1 1 TGF-B | TBRI/KLF6 |
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Table 2. Cont.
P39 MAP kinase &
143 PSC T Smad 2/4 extracell.-signal-regulated
kinase
Wnt/ B-catenin,
y N TGF-3, FOG2 |-regulation,
200a, 200b HSC T «-SMA , EMT process | 1 PI3K/ Akt 1, Keapl/Nif2 1, Gli2 |
Hh pathway
. p40 MAP kinase &
221,222 HSC, PSC 1 adCollagen and a-SMA Smad 2/5, extracell.-signal-
+ NF-«xB 5
regulated kinase
Cox-2 protein expression,
214 HSC { Collagen TypeI | NF-«B +
TGF-B1 .
29a HSC, PSC " Collagen Type I T (SMAD3 HDACA 1, Cox-2 protein
d dant expression, NF-kB 1
ependant)
34c HSC 1 a-SMA 1 PPARy |
collagen maturation and
122 HSC + ECM production T P4HAT
130b HSC ECM 1 1 PPARy |
144 HSC 1 a-SMA 1 TGF- p1+
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Overall, the body of evidence for clinically useful miR expression patterns in CAFs as prognostic or
predictive markers is not yet sufficient for any recommendation into clinical applications. In addition,
a systematic approach for identification of the relevant miR expression profiles has not been done
thoroughly and, therefore an overall picture for patients is not available yet.

Most promising candidates for future clinical use appear to be miR-21, miR-31 and the miR-200
family. Furthermore, a number of miRs that are known for their involvement in cancer cells have
been identified to also be important in patients derived CAFs suggesting a further look into their
functional consequences.

4. Functional Consequences of miRNA Dysregulation in CAFs

Molecular mechanisms leading to transition of tissue-resident fibroblasts into CAFs, circulating
bone marrow-derived fibroblast progenitors or mesenchymal stem cells are largely unknown [22].
The spectrum of miRs that have been identified as relevant regulators of this CAF transition and/or
for their interactions with cancer cells is relatively limited. Except for two publications investigating
squamous cell esophageal carcinomas [26,40] all data were derived from adenocarcinomas of different
organs. Interestingly, the majority of these miRs belongs to miR clusters (<10 kb sequence distance
between the members) with functional overlap between the various cluster members. Deregulation
of miRs in fibroblasts in general appears to induce as major effects smooth muscle o-actin («-SMA)
upregulation and modulated secretion of cytokines including: increased IL-6 and CXCL12, activation
of the TGF-f3 and inhibition of various signaling pathways, such as the PI3K-AKT pathways [2,3,21].
Various miRs interfere with multiple cellular functions and therefore be found at different point in the
subsequent listing.

An overview about the miRs with altered expression in CAFs is provided in Table 2 (extended data
are available in Supplemental (Table S1) showing that various miRs occur up- and downregulated even
within the same tumor entity, such as miR-101, miR-200a and miR-200b. It appears quite interesting,
that those miRs (except miR-101) belong to the miR-200 family, which is clustered at chromosomes 1
and 12. Similar observations have been summarized recently for the miR23~24~27 clusters in
cancer cells [8].

4.1. EMT/MET Switch

The known functions of miR-200 family members in the EMT/MET switch (targeting ZEB1, ZEB2;
E-cadherin expression) can also be found in CAFs [2]. MiR-146b inhibition is sufficient to transactivate
NFs into CAFs, which promote EMT transition in breast cancer cells in a paracrine manner [41]. In a
similar manner miR-148a targets genes of the WNT family, WNT1 and WNT10b with comparable
cellular effects [10]. Furthermore, miR-21 overexpression was associated with enhanced ERK1 signaling
and EMT in liver fibrosis via direct suppression of SPRY2 and HNF4«x expression [28]. Promotion of
tumor induction and EMT was also induced by ectopic expression of miR-409 (member of a very large
cluster) in prostate NFs conferring a CAF-like phenotype and leading to the release of miR-409 via
extracellular vesicles. This miR also enhanced tumorigenesis through repression of tumor suppressor
genes such as Ras suppressor-1 (RSU-1) and stromal antigen 2 (STAG2) [19]. Additional targets were
observed that are also involved in both processes, including Fli-1 (directly regulated by miR-200c),
TCF12 (directly targeted by miR-141) [3], SIP1 (by promoter methylation via miR200a/b) [16] and Flt-1
(directly targeted by miR-200b) [42]. CAF exosomes and NF exosomes transfected with miRs-21, -378e,
and -143 promoted the stemness and EMT phenotype of breast cancer cells [43].

4.2. TGF-B Signaling

A relatively large body of data has been published for miR-21 (chromosome 17q23.2) which is
one of the few non-clustered miRs that have been found to be relevant in CAFs. This miR may be
an important factor in “activating” NFs into CAFs and its expression is mostly confined to cancer
stroma [4,17]. Via direct targeting miR-21 is a negative regulator of programmed cell death protein
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4 /activation protein-1 (PDCD4/AP-1) in cancer cells [27] and HSCs [29]. This appears to be based on a
miR-21 feedback loop with these signaling pathways promoting fibrogenesis and the TGF-f3 signaling
pathway underlying HSC activation [29].

MiR-145 is inducible by treatment with TGF-3 leading to enhanced «-SMA expression in normal
gastric fibroblasts and CAFs [25]. MiR-27a/b-transfected normal fibroblast showed «x-SMA expression
and increased production of TGF-f3 as typical characteristics of CAFs [26]. In addition, miR-126 can
support TNFa induced TGF-p1 expression [44]. MiR-205 has been observed as most downregulated
miR in prostate cancer cells upon CAF stimulation due to direct transcriptional repression by HIF-1«,
a known redox-sensitive transcription factor [45]. In addition, miR-127 is the best described member
of a large cluster of miRs on chromosome 14 that also act as key modulators of TGF-related cellular
senescence by targeting critical regulators of the senescence pathways. This miR is upregulated
in senescent fibroblasts and may function as tumor suppressor and inhibitor of breast cancer cell
proliferation by modulating the BCL-6 oncogene [46].

Functional data for members of the three miR-17-92 clusters in cancer are almost lacking.
For fibrotic progression, however, various investigations showed the importance of these cluster
members for intensive interactions with TGF-f3 signaling. For example, HSC activation is a pivotal
event in initiation and progression of hepatic fibrosis and a major contributor to collagen deposition
driven by TGF-f. In animal models miR-19b showed the highest fold-change of the cluster members.
Its mimic negatively regulated TGF-3 signaling components including decreased TGF-f3 receptor
II (TGF-BRII) (by direct binding) and SMAD3 reduced expression of type I collagen and blockage
of TGF-p-induced expression of «1(I) and a2(I) procollagen mRNAs. Similarly, enhanced miR-17
expression was observed in rat liver fibrosis. Its inhibition also led to suppression of HSC proliferation
induced by TGF-31 without affecting cellular apoptosis, but with significant association of type I
collagen and «-SMA expression in HSC [38].

Comparable to the tumor environment expression levels of fibrosis related genes in HSCs were
increased by overexpression of miR-200 family members (miR-200a, and 200b) [37]. For example,
miR-200a was decreased in TGF-f31-induced HSC activation and induced liver fibrosis. Overexpression
of miR-200a in HSCs inhibited a-SMA activity and proliferation. In addition, 3-catenin and TGF-[32
were confirmed as two functional downstream targets of miR-200a in the fibrotic framework [47].
Divergent roles of miR-181 cluster members in HSCs have been reported. MiR-181b but not miR-181a
could promote HSC proliferation induced by TGF-$1 through regulation of cell cycle (targeting
p27KiP1) [39]. Similarly, the X-chromosomal miR-221/222 is increased in liver fibrosis models
(stimulated by TGF-« or TNF-«). MiR-222 can bind to CDKN1B in HSCs and its induction can
be suppressed by NF-«B inhibitor [32].

Downregulated miR-101 appears to increase CAF-promoted vascular mimicry formation in vitro
and in vivo. Gain- and loss-of-function analyses revealed that the miR-101-TGF-f3/SDF1-VE-cadherin/
MMP2/LAMC2 network mediates this formation of vascular-like channels [48]. Members of the
miR-101 family (miR-101a/b) can act as suppressors of TGFf3 signaling by directly targeting TGF-BRI
and its transcriptional activator Kruppel-like factor 6 (KLF6) during liver fibrogenesis where these
miRs are reduced in activated HSCs. Meanwhile, upregulation of TGF-BRI/KLF6 was observed in the
fibrotic liver [49].

4.3. Extracellular Matrix, Migration and Invasion

MiR-122 overexpression also led to decreased collagen maturation and ECM production [50]
whereas miR-126 [44] and miR-17-92 cluster members [38] induced type 1 collagen expression. Reduced
expression of miR-335 during HSC activation promotes their cell migration via targeting tenascin-C and
enhanced expression of x-SMA and type 1 collagen [51]. Furthermore, miR-19b blunted the activated
HSC phenotype by morphological assessment and decreased «a-SMA expression [33]. In HSCs another
cluster member, miR-133a, is downregulated by TGF-f3 with subsequent stimulated expression of
collagens [35]. The expression levels of fibrosis related genes (TIMP-1, MMP13, x1-procollagen) in
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HSCs were increased by overexpression of other members of the miR-214 cluster (miR-199a, 199a*) [37].
Moreover, miR-200b appears to enhance expression of matrix metalloproteinase-2 (MMP-2), which may
increase the migration of HSCs during liver fibrosis progression [31]. MiR-31 may also mediate liver
fibrosis by promoting HSC activation and enhancing MMP-2 expression. Functionally this appears to
be mediated via FIH1, a suppressor of hypoxia-inducible factor (HIF-1) [52].

Among others, miR-200 family members were identified as potential direct mediators of NF
reprogramming into CAFs and of ECM remodeling. NFs with downregulated miR-200s displayed
the traits of activated CAFs, including accelerated migration and invasion [3]. Overexpression of
miR-200b can enhance migration and proliferation of fibrotic HSCs; this is accompanied by stimulated
phosphorylation of Akt, a downstream effector of phosphatidyl-inositol 3-Kinase (PI3K). Within this
PI3K/ Akt pathway FOG2 is an additional target of miR-200b that directly binds to p85« inhibiting
activation of the signaling. In fibroblasts with amplification of miR-92 expression an enhanced
invasive capacity of breast cancer cells was reported [13]. CAFs with downregulated miR-106b
could significantly inhibit gastric cancer cell migration and invasion by targeting PTEN [23]. Similarly,
miR-335 interferes with a senescence-associated secretory phenotype of CAF via modulating PTEN [53].
In addition, miR-21 can play a role in expression and activity of MMP2 and HSC activation through
PTEN/ Akt pathway [54]. Furthermore, miR-7 in NFs significantly increased the migration activity
and growth rates of cancer cells in co-culture experiments which seems to be mainly mediated by the
RASSF2-PAR-4 axis [55].

Intercellular communication between ER-positive breast cancer cells and CAFs reduced miR-26b
expression in CAF but enhanced cancer cell migration and invasion. Pathway analyses of differentially
expressed proteins revealed that glycolysis/TCA cycle and cytoskeletal regulation by Rho GTPases
are downstream of miR-26b. In addition, its targets (TNKS1BP1, CPSF7, COL12A1) were identified
and their expression in cancer stroma was shown to be significantly associated with breast cancer
recurrence [12]. Both, miRNA-150 and miRNA-194 inhibit HSC activation and ECM production,
at least in part, via inhibition of c-MyB and Rac-1 expression [56].

In fibrotic stromal reaction of pancreatic cancer [57] and in liver fibrosis [58] members of the miR-29
cluster (miR-29a) are significantly decreased. This loss influences the activation of CAFs/PSCs/HSCs
and is correlated with increase in extracellular matrix (ECM) deposition including type I collagen-«1.
This profibrogenic phenotype is likely caused by inhibition of HDAC4 function including histone
acetylation and mediated by SMAD3 dependent TGF-31 activation. In contrast to other family
members miR-146a (chromosome 5) has been found downregulated in liver fibrotic tissues [59]
and in HSCs in response to TGF-31 or TNF-« stimulation with subsequent x-SMA /type 1 collagen
expression and attenuated HSC apoptosis via direct targeting of TIMP-3 [60], Wnt1 and Wnt5a [58].
In vitro, miR-210 was identified as upregulated in and secreted by PSCs inducing activated ERK and
Akt, but not hypoxia-inducible factor-1o (HIF-1o) pathway in effector cancer cells. Subsequently,
this stimulated migration, expression of vimentin and Snail-1, and blocked membrane-associated
expression of 3-catenin [61].

4.4. Soluble Factors

Interactions between CAFs and cancer cells by soluble factors appears to induce most of the
transcriptional changes characteristic for patient-derived CAFs. For example, miR-15/miR-16 cluster
members (chromosomes 3 & 13) and their correlated growth factor targets, such as fibroblast growth
factor-2 (FGF-2) and its receptor FGFR-1, seem to promote tumor expansion and invasiveness through
the concurrent activity on stromal and cancer cells. Similarly, miR-483 members act together to target
two pro-fibrosis factors, platelet-derived growth factor B (PDGF-B) and TIMP-2, which can suppress
activation of HS5Cs and their overexpression can reduce liver fibrosis in vivo [62]. In the opposite
regulatory direction, among a panel of soluble growth factors only TGF-3 remarkably increased miR-31
expression in these cells by direct binding of SMAD3 to miR-31’s promoter suggesting regulatory
counteraction of both molecules [52]. Treatment of HSCs with PDGF-B stimulated al(I) collagen
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mRNA synthesis and the protein expression of x-SMA in a miR-21 dependent manner, which both are
characteristics of HSC activation and simultaneously increased miR-21 expression [54]. This suggests
feedback loops of activation.

Comparably, miR-133b (member of the miR-133 cluster) interferes with paracrine communication
of CAFs by interleukin-6 (IL-6) that can promote tumor progression [22]. Mediated by miR-146b
(chromosome 10) and by repression of IL-6 secretion the tumor suppressor p16INK4A protein inhibits
the pro-carcinogenic effects of breast stromal fibroblasts. In addition, miR-205 blocks tumor-driven
activation of surrounding CAFs by reducing pro-inflammatory cytokine secretion and vice versa
prevents CAF-induced EMT in cancer cells in vitro [45]. The miR-193b/-365a cluster is also involved
in cytokine related cell-cell communication. TGE-B-dependent downregulation has been identified
involving Snail-1, an important regulator of extracellular matrix in HSCs [34]. Suppressed NF-«B
dependent p65 activation inhibits miR-365 expression with resulting increased IL-6 secretion within
the cancer environment [63].

Furthermore, the miR-reprogrammed normal fibroblasts and patient-derived CAFs shared a large
number of upregulated genes highly enriched in chemokines, which are known to be important for
CAF function. The most highly upregulated chemokine, CCL5, (C-C motif ligand 5) was found to
be a direct target of miR-214 [5]. Similarly, estradiol (E2) as another soluble environmental factor
and a major determinant of gender-based differences in the development of hepatic fibrosis was
modulated by miR-19b in regulation of HSC proliferation via direct interference with GABA (B)
receptor GRB2 [64].

The role of other forms of miR-involvement in cell-cell communication has been recently
introduced. Pancreatic cancer cells can reprogram adjacent NFs into CAFs by means of secreted
microvesicles containing miR-155 likely to be considered as exosomal miR transfer [65]. Comparably,
miR-21 release from fibroblasts appears to influence migration and invasion capacity of cancer cells [27].

4.5. Cell Cycle and Proliferation

Downregulated miR-15a/miR-16-1 in CAFs can promote prostate cancer growth, progression
and cancer cell survival, proliferation and migration. Their reconstitution impaired tumor supportive
capability of these modified stromal cells [20]. In contrast, members of the paralog cluster
(miR-15b/miR-16-2) seem to induce apoptosis in activated PSC (targeting Bcl-2 [66]) and HSC
(cyclin D1 [67]) and their decreased expression can support pancreatic and liver fibrosis, respectively.
Downregulated miR-146a also attenuated HSC apoptosis via direct targeting of SMAD4 [68].

The synthesis pathways of various ECM proteins, especially collagens, is targeted by miRs in
fibroblasts and thereby enhancing the fibrotic phenotypes. For example, in vitro and in a mouse fibrosis
model miR-122 expression was reduced in activated HSCs supporting their proliferation which appears
to be mediated by direct targeting of prolyl 4-hydroxylase subunit alpha-1 (P4HA1). Binding activity
of CCAAT/enhancer binding protein alpha (C/EBP«x) to the miR-122 promoter region was reduced
in these cells [49]. Furthermore, one member of the miR-33 family (miR-33a), which is located in
intronic regions within protein-coding genes for Sterol regulatory element-binding proteins (SREBP-2
and SREBP-1), is highly expressed during TGF-31 induced activation of the PI3K/Akt pathway in
HSCs. This appears to result in expression of type 1 collagen (Col1Al) and x-SMA due to direct
targeting of peroxisome proliferator activated receptor-alpha (PPAR) [30]. Similarly, miR-34a has not
been described in CAFs yet, but in activated HSCs and liver fibrosis it was found to be upregulated,
regulating a plethora of target proteins involved in the cell cycle, apoptosis, differentiation and cellular
development, such as upregulated PPARy and downregulated «-SMA [69]. PPARy maintains HSCs
in a quiescent state, and its downregulation induces HSC activation. This appears to be related to
TGEF-f1 induced enhanced expression of various members of the miR-130 precursor family (miR-130a,
miR-130b, miR-301a), miR-27b and miR-340 in liver fibrosis. Overexpression of miR-130a and miR-130b
enhanced cell proliferation involving Runx3 and upregulation of ECM genes [70]. Such quiescent
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HSC phenotype can also be stimulated by overexpression of miR23~24~27 cluster members (likely via
targeting retinoid X receptor) [19] and miR-146a with decreased cell proliferation [68].

Cellular senescence acts as a barrier to cancer progression, and non-clustered miR-22 is thought
to potentially regulate senescence due to growth suppression in human normal and cancer cells.
Its knockdown in pre-senescent fibroblasts decreased cell size, motility and invasion. This seems
to be mediated by direct targeting of CDK6, SIRT1, and Spl, genes involved in the senescence
program [71]. Upregulation of miR-9a and downregulation of its target SIRT1 were observed in fibrotic
liver models. Overexpression of SIRT1 could partially abrogate the miR-9a mediated suppression of
HSCs proliferation, migration and activation [72].

A number of other transcription factors have been identified as miR-targets in fibroblasts.
For example, miR-200a can regulate the Keap1/Nrf2 pathway in HSCs and hepatic fibrosis through the
association of Nrf2 with Keap1, which results in cytoplasmic Nrf2 degradation and interference with
induction of genes that encode antioxidant enzymes, such as NQO1 [73]. In addition, in CAFs miR-31
is among the most downregulated miRs that directly targets the homeobox gene SATB2 relating to
chromatin remodeling and regulating of gene expression during CAF transition [1]. However, in
PSC upon activation, this miR was upregulated, among others [74]. In HSCs and PSCs reduced
miR-126 was observed [74] promoting the inhibition of NF-«B activation by upregulation of IkBx
protein expression.

5. MiR-Targeted Readouts for Cellular Functions

Since miR regulation is not limited to effector chains, linear regulation models and classical
feedback loops, we summarize the effects of miR-dysregulation on complex cellular functions in the
targeted CAFs. Importantly, the expression of many miRs that are deregulated in fibroblasts associated
with pathological conditions appear to be regulated themselves by soluble factors, including TGF-§ as
main regulator, but also by other growth factors, IL-6, TNF-« and several chemokines. In addition, few
proteins (c/EBPc, SIRT1) were identified that bind to miR promotor regions hereby modulating miR
transcription. Furthermore, feedback loops have been described for TGF-a and IL-6 that appear to
modulate expression of a large variety of miRs.

Most miR targets that have been found in CAFs/HSCs/PSCs can be grouped into various
functional complexes. These include transcriptional factors, extracellular matrix, cytoskeleton,
EMT/MET regulation, soluble factors, tyrosine kinase and G-protein signaling, apoptosis and cell
cycle & differentiation (Figure 1). However, as known for many miRs also in CAFs and related
cell types multiple (N-to-N) relationships can be preferably found resulting in a large network of
interactions. Considering the phenomenological appearance of desmoplastic reactions and fibrosis it is
not surprising, that many regulatory interactions of identified miRs focus at cytoskeleton, esp. x-SMA,
and ECM, esp. type 1 collagen.

The largest number of identified targets belongs to the transcriptional machinery with a high
variety of interactions. This appears to be relevant for the transition of NF into their pathological
counterparts with subsequent changes in the readout of many cell functions and modulated protein
expression profiles in CAFs/HSCs/PSCs and their microenvironment.
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Figure 1. Currently known miR target structures in CAF/HSC/PSC. Targets are grouped according

to main cellular functions, miRs are ordered in clusters (left), unclustered miRs are grouped on

the right side.

MiR related epigenetic regulation should therefore be considered as key factor in the development
of cancer and fibrosis specific environment and both transitions have many epigenetic similarities.
Although many deregulated miRs in CAFs/HSCs/PSCs belong to miR clusters functionally different
consequences between clustered and non-clustered miRs cannot be attributed according to the currently
available literature (Table 3). However, due to the fact that about two third of the identified miRs belong
to clusters it seems to be likely that conjoint deregulation of clustered miRs might play important
roles in transforming NF into their pathological counterparts. In summary, deregulated miRs affect
various intracellular functional complexes, but also formation and composition of the extracellular
microenvironment. These processes result in the clinical appearance of desmoplasia involving CAFs
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and fibrosis characterized by deregulated stellate cells. In addition, modulated release of soluble factors
can act as (auto)activating feedback loop for transition of NFs into their pathological counterparts.
Furthermore, epigenetic communication between CAFs and cancer cells, for example via extracellular
microvesicles, may confer to cancer specific functional readouts (Figure 2).

Feedback-Activation Desmoplasia, Fibrosis

Soluble factors Extracellular matrix
IL-6, Chemokines, TGF-RB, Collagens, MMPs, TIMPs
FGF, PDGF, Estradiol

Cytoskeleton
a-SMA, Vimentin

Normal
_ EMT/MET Saness

fibroblasts 7EB1, 7EB2; E-cadherin associated
Cell signaling Migration blaseblasts
PI3K/Akt/PTEN pathway |nvasi°n 2
TGF-8 pathway PI3K/AKUPTEN pathway Fibrotic stellate

. Cell cycle & GTP,
microRNAs z i L i cells
Differentiation
Cyclin D, CDKN1B, SIP1,
p27Kipt, C-MyB Proliferation
Transcription PPARafy, SIRT1, SATB2, Microvesicle
Keap1/Nrf2 pathway EDKG Spl miRs ??2?
Smad, Snail, NF-«B e
Apoptosis
Bcl2/6, PDCD4/AP-1
22 s Cancer cells

Epigenetic communication ??27?

Figure 2. Deregulated miRs affect intracellular functional complexes in fibroblasts and formation
of surrounding ECM; thus supporting transition of NFs into their pathological counterparts and
development of desmoplasia and fibrosis. Modulation of soluble factors can act as (auto)activating
feedback loop. Epigenetic communication between CAFs and cancer cells, such as by extracellular
microvesicles, is likely, but rarely investigated. The most important targets affected by miRs within
fibroblasts are added in relation to involved cellular functions. (???: insufficient evidence available)
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Table 3. MiR families and clusters that have been identified as important in CAFs/HSCs/PSCs.

| miR family | 8 | 15 | 17 | 27 | 29 | 33 | 34 | 101 |
| chromosomes| 12 1 | 13 3 17 | 13 7 x | 9 9 | 7 1| 17 | 1 1 | 1 9 |
members of 141 200a 15a, 15b, 195 17 25 18b 23b 23a 29a 29b-2 33a 34a 34b 101-1 mir-101-
miR-clusters | 200c 200b 16-1 16-2 497 18a 93 19b-2 24-1 27a 29b-1 29c 33b 34c 3671  precursor-9
429 19a 106b 20b 27b 24-2 6777
19b-1 92a-2 3074
20a 106a
92a-1 363
| |
| |
miR family 122 127 130 133 143/ 144 154 181 214 221 342 365
145
| chromosomes| 18 | 14 11 2 | 18 20 6 | 5 | 17 | 14 | 1 9 | 1 x | 14 | 16 17 |
members of 122 127 130a 130b 1-2 133a-2  133b 143 144 134 18la-1 18la-2 | 199a-2 221 151b 193b 365b
miR-clusters | 3591 136 301b | 133a-1 206 145 451a 154 181b-1  181b-2 214 222 342 365a 4725
337 451b 323b 3120
431 4732 365
433 377
432 409
665 410
412
485
496
541
656
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Table S1: MiRs identified with specific roles in fibroblasts under pathological conditions (CAFs, HSCs, PSCs)OC
(Ovarian Cancer), EC (Endometial Cancer), BC (Breast Cancer), GC (Gastric Cancer), EOC (Esophageal Squamous
cell carcionoma), PaC (Pancreatic Carcinoma), CRC (Colorectal Cancer), PC (Prostate Cancer), LC (Lung Cancer).

Acknowledgments: This work was supported by funding (J.H. and A ].S.) from the People Programme (Marie
Curie Actions) of the European Union’s Seventh Framework Programme FP7/2007-2013/ under REA grant
agreement No. 316610. This material reflects only the author’s views and the Union is not liable for any use that
may be made of the information contained therein.

Conflicts of Interest: All authors declare that there are no conflicts of interests.

References

1. De Vlieghere, E.; Verset, L.; Demetter, P.; Bracke, M.; De Wever, O. Cancer-associated fibroblasts as target
and tool in cancer therapeutics and diagnostics. Virchows Archiv 2015, 467, 367-382. [CrossRef] [PubMed]

2. Han, Y,; Zhang, Y,; Jia, T.; Sun, Y. Molecular mechanism underlying the tumor-promoting functions of
carcinoma-associated fibroblasts. Tumor Biol. 2015, 36, 1385-1394. [CrossRef] [PubMed]

3. Tang, X.; Hou, Y.; Yang, G.; Wang, X.; Tang, S.; Du, Y.E; Yang, L.; Yu, T.; Zhang, H.; Zhou, M.; et al.
Stromal miR-200s contribute to breast cancer cell invasion through CAF activation and ECM remodeling.
Cell Death Differ. 2016, 23, 132-145. [CrossRef] [PubMed]

4. Ali, S,; Suresh, R.; Banerjee, S.; Bao, B.; Xu, Z.; Wilson, J.; Philip, P.A.; Apte, M.; Sarkar, FH. Contribution of
microRNAs in understanding the pancreatic tumor microenvironment involving cancer associated stellate
and fibroblast cells. Am. J. Cancer Res. 2015, 5, 1251-1264. [PubMed]

5. Mitra, A K;; Zillhardt, M.; Hua, Y.; Tiwari, P, Murmann, A E.; Peter, M.E.; Lengyel, E. MicroRNAs reprogram
normal fibroblasts into cancer-associated fibroblasts in ovarian cancer. Cancer Discov. 2012, 2, 1100-1108.
[CrossRef] [PubMed]

6.  Griffiths-Jones, S.; Saini, H.K.; van Dongen, S.; Enright, A.]. MiRBase: Tools for microRNA genomics. Nucleic
Acids Res. 2008, 36, D154-D158. [CrossRef] [PubMed]

7. Altuvia, Y,; Landgraf, P,; Lithwick, G.; Elefant, N.; Pfeffer, S.; Aravin, A.; Brownstein, M.J.; Tuschl, T.;
Margalit, H. Clustering and conservation patterns of human microRNAs. Nucleic Acids Res. 2005, 33,
2697-2706. [CrossRef] [PubMed]

8. Haier, J.; Strose, A.; Matuszcak, C.; Hummel, R. MiR clusters target cellular functional complexes by defining
their degree of regulatory freedom. Cancer Metastasis Rev. 2016, 35, 289-322. [CrossRef] [PubMed]

9. Yang, X.; Xu, X.; Zhu, J.; Zhang, S.; Wu, Y.; Wu, Y.; Zhao, K.; Xing, C.; Cao, J.; Zhu, H; et al. MiR-31
affects colorectal cancer cells by inhibiting autophagy in cancer-associated fibroblasts. Oncotarget 2016, 7,
79617-79628. [CrossRef] [PubMed]

10. Aprelikova, O.; Palla, J.; Hibler, B.; Yu, X.; Greer, Y.E.; Yi, M.; Stephens, R.; Maxwell, G.L.; Jazaeri, A.;
Risinger, J.I; et al. Silencing of miR-148a in cancer-associated fibroblasts results in WNT10B-mediated
stimulation of tumor cell motility. Oncogene 2013, 32, 3246-3253. [CrossRef] [PubMed]

11.  Aprelikova, O.; Yu, X,; Palla, J.; Wei, B.R.; John, S.; Yi, M.; Stephens, R.; Simpson, R.M.; Risinger, J.I.;
Jazaeri, A.; et al. The role of miR-31 and its target gene SATB2 in cancer-associated fibroblasts. Cell Cycle
2010, 9, 4387—-4398. [CrossRef] [PubMed]

12.  Verghese, E.T.; Drury, R.; Green, C.A.; Holliday, D.L.; Lu, X.; Nash, C.; Speirs, V.; Thorne, J.L.; Thygesen, H.H.;
Zougman, A.; et al. MiR-26b is down-regulated in carcinoma associated fibroblasts from ER positive breast
cancers leading to enhanced cell migration and invasion. J. Pathol. 2013, 231, 388-399. [CrossRef] [PubMed]

13.  Smith, L.; Baxter, EW.; Chambers, PA.; Green, C.A.; Hanby, A.M.; Hughes, T.A.; Nash, C.E.; Millican-Slater, R.A.;
Stead, L.E.; Verghese, E.T.; et al. Down-Regulation of miR-92 in Breast Epithelial Cells and in Normal but
Not Tumour Fibroblasts Contributes to Breast Carcinogenesis. PLoS ONE 2015, 10, e0139698. [CrossRef]
[PubMed]

14.  Zhao, L,; Sun, Y;; Hou, Y;; Peng, Q.; Wang, L.; Luo, H.; Tang, X.; Zeng, Z.; Liu, M. MiRNA expression analysis
of cancer-associated fibroblasts and normal fibroblasts in breast cancer. Int. J. Biochem. Cell Biol. 2012, 44,
2051-2059. [CrossRef] [PubMed]


http://www.mdpi.com/2072-6694/9/6/54/s1
http://dx.doi.org/10.1007/s00428-015-1818-4
http://www.ncbi.nlm.nih.gov/pubmed/26259962
http://dx.doi.org/10.1007/s13277-015-3230-8
http://www.ncbi.nlm.nih.gov/pubmed/25680413
http://dx.doi.org/10.1038/cdd.2015.78
http://www.ncbi.nlm.nih.gov/pubmed/26068592
http://www.ncbi.nlm.nih.gov/pubmed/26046003
http://dx.doi.org/10.1158/2159-8290.CD-12-0206
http://www.ncbi.nlm.nih.gov/pubmed/23171795
http://dx.doi.org/10.1093/nar/gkm952
http://www.ncbi.nlm.nih.gov/pubmed/17991681
http://dx.doi.org/10.1093/nar/gki567
http://www.ncbi.nlm.nih.gov/pubmed/15891114
http://dx.doi.org/10.1007/s10555-016-9617-1
http://www.ncbi.nlm.nih.gov/pubmed/26970968
http://dx.doi.org/10.18632/oncotarget.12873
http://www.ncbi.nlm.nih.gov/pubmed/27793031
http://dx.doi.org/10.1038/onc.2012.351
http://www.ncbi.nlm.nih.gov/pubmed/22890324
http://dx.doi.org/10.4161/cc.9.21.13674
http://www.ncbi.nlm.nih.gov/pubmed/20980827
http://dx.doi.org/10.1002/path.4248
http://www.ncbi.nlm.nih.gov/pubmed/23939832
http://dx.doi.org/10.1371/journal.pone.0139698
http://www.ncbi.nlm.nih.gov/pubmed/26437339
http://dx.doi.org/10.1016/j.biocel.2012.08.005
http://www.ncbi.nlm.nih.gov/pubmed/22964023

Cancers 2017, 9, 54 16 of 19

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kurashige, J.; Mima, K.; Sawada, G.; Takahashi, Y.; Eguchi, H.; Sugimachi, K.; Mori, M.; Yanagihara, K.;
Yashiro, M.; Hirakawa, K.; et al. Epigenetic modulation and repression of miR-200b by cancer-associated
fibroblasts contribute to cancer invasion and peritoneal dissemination in gastric cancer. Carcinogenesis 2015,
36, 133-141. [CrossRef] [PubMed]

Li, A.; Omura, N.; Hong, S.M.; Vincent, A.; Walter, K.; Griffith, M.; Borges, M.; Goggins, M. Pancreatic
cancers epigenetically silence SIP1 and hypomethylate and overexpress miR-200a/200b in association with
elevated circulating miR-200a and miR-200b levels. Cancer Res. 2010, 70, 5226-5237. [CrossRef] [PubMed]
Kadera, B.E,; Li, L.; Toste, PA.; Wu, N.; Adams, C.; Dawson, D.W.; Donahue, T.R. MicroRNA-21 in pancreatic
ductal adenocarcinoma tumor-associated fibroblasts promotes metastasis. PLoS ONE 2013, 8, e71978.
[CrossRef] [PubMed]

Donahue, T.R.; Nguyen, A.H.; Moughan, J.; Li, L.; Tatishchev, S.; Toste, P.; Farrell, J.J. Stromal microRNA-21
levels predict response to 5-fluorouracil in patients with pancreatic cancer. J. Surg. Oncol. 2014, 110, 952-959.
[CrossRef] [PubMed]

Josson, S.; Gururajan, M.; Sung, S.Y.; Hu, P,; Shao, C.; Zhau, H.E,; Liu, C.; Lichterman, J.; Duan, P; Li, Q.;
et al. Stromal fibroblast-derived miR-409 promotes epithelial-to-mesenchymal transition and prostate
tumorigenesis. Oncogene 2015, 34, 2690-2699. [CrossRef] [PubMed]

Musumeci, M.; Coppola, V.; Addario, A.; Patrizii, M.; Maugeri-Sacca, M.; Memeo, L.; Colarossi, C.;
Francescangeli, F,; Biffoni, M.; Collura, D.; et al. Control of tumor and microenvironment cross-talk by
miR-15a and miR-16 in prostate cancer. Oncogene 2011, 30, 4231-4242. [CrossRef] [PubMed]

Zhang, J.; Liu, J.; Liu, Y.; Wu, W,; Li, X.;; Wu, Y.; Chen, H.; Zhang, K.; Gu, L. MiR-101 represses lung cancer
by inhibiting interaction of fibroblasts and cancer cells by down-regulating CXCL12. Biomed. Pharmacother.
2015, 74, 215-221. [CrossRef] [PubMed]

Doldi, V.; Callari, M.; Giannoni, E.; D'Aiuto, F; Maffezzini, M.; Valdagni, R.; Chiarugi, P.; Gandellini, P.;
Zaffaroni, N. Integrated gene and miRNA expression analysis of prostate cancer associated fibroblasts
supports a prominent role for interleukin-6 in fibroblast activation. Oncotarget 2015, 6, 31441-31460.
[PubMed]

Yang, T.S.; Yang, X.H.; Chen, X.; Wang, X.D.; Hua, J.; Zhou, D.L.; Zhou, B.; Song, Z.S. MicroRNA-106b in
cancer-associated fibroblasts from gastric cancer promotes cell migration and invasion by targeting PTEN.
FEBS Lett. 2014, 588, 2162-2169. [CrossRef] [PubMed]

Naito, Y.; Sakamoto, N.; Oue, N.; Yashiro, M.; Sentani, K.; Yanagihara, K.; Hirakawa, K.; Yasui, W.
MicroRNA-143 regulates collagen type III expression in stromal fibroblasts of scirrhous type gastric cancer.
Cancer Sci. 2014, 105, 228-235. [CrossRef] [PubMed]

Naito, Y.; Yasuno, K.; Tagawa, H.; Sakamoto, N.; Oue, N.; Yashiro, M.; Sentani, K.; Goto, K.; Shinmei, S.;
Oo, H.Z.; et al. MicroRNA-145 is a potential prognostic factor of scirrhous type gastric cancer. Oncol. Rep.
2014, 32, 1720-1726. [CrossRef] [PubMed]

Tanaka, K.; Miyata, H.; Sugimura, K.; Fukuda, S.; Kanemuram, T.; Yamashita, K.; Miyazaki, Y.; Takahashi, T.;
Kurokawa, Y.; Yamasaki, M.; et al. miR-27 is associated with chemoresistance in esophageal cancer through
transformation of normal fibroblasts to cancer-associated fibroblasts. Carcinogenesis 2015, 36, 894-903.
[CrossRef] [PubMed]

Yamamichi, N.; Shimomura, R.; Inada, K.; Sakurai, K.; Haraguchi, T.; Ozaki, Y.; Fujita, S.; Mizutani, T.;
Furukawa, C.; Fujishiro, M.; et al. Locked nucleic acid in situ hybridization analysis of miR-21 expression
during colorectal cancer development. Clin. Cancer Res. 2009, 15, 4009-4016. [CrossRef] [PubMed]

Zhao, J.; Tang, N.; Wu, K; Dai, W.; Ye, C.; Shi, J.; Zhang, J.; Ning, B.; Zeng, X.; Lin, Y. MiR-21 simultaneously
regulates ERK1 signaling in HSC activation and hepatocyte EMT in hepatic fibrosis. PLoS ONE 2014,
9, €108005. [CrossRef] [PubMed]

Zhang, Z.; Zha, Y, Hu, W.,; Huang, Z; Gao, Z.; Zang, Y.; Chen, ]J.; Dong, L.; Zhang, J. The
autoregulatory feedback loop of microRNA-21/programmed cell death protein 4/activation protein-1
(MiR-21/PDCD4/AP-1) as a driving force for hepatic fibrosis development. |. Biol. Chem. 2013, 288,
37082-37093. [CrossRef] [PubMed]

Li, Z.].; Ou-Yang, PH.; Han, X.P. Profibrotic effect of miR-33a with Akt activation in hepatic stellate cells.
Cell. Signal. 2014, 26, 141-148. [CrossRef] [PubMed]


http://dx.doi.org/10.1093/carcin/bgu232
http://www.ncbi.nlm.nih.gov/pubmed/25411357
http://dx.doi.org/10.1158/0008-5472.CAN-09-4227
http://www.ncbi.nlm.nih.gov/pubmed/20551052
http://dx.doi.org/10.1371/journal.pone.0071978
http://www.ncbi.nlm.nih.gov/pubmed/23991015
http://dx.doi.org/10.1002/jso.23750
http://www.ncbi.nlm.nih.gov/pubmed/25132574
http://dx.doi.org/10.1038/onc.2014.212
http://www.ncbi.nlm.nih.gov/pubmed/25065597
http://dx.doi.org/10.1038/onc.2011.140
http://www.ncbi.nlm.nih.gov/pubmed/21532615
http://dx.doi.org/10.1016/j.biopha.2015.08.013
http://www.ncbi.nlm.nih.gov/pubmed/26349988
http://www.ncbi.nlm.nih.gov/pubmed/26375444
http://dx.doi.org/10.1016/j.febslet.2014.04.050
http://www.ncbi.nlm.nih.gov/pubmed/24842611
http://dx.doi.org/10.1111/cas.12329
http://www.ncbi.nlm.nih.gov/pubmed/24283360
http://dx.doi.org/10.3892/or.2014.3333
http://www.ncbi.nlm.nih.gov/pubmed/25051317
http://dx.doi.org/10.1093/carcin/bgv067
http://www.ncbi.nlm.nih.gov/pubmed/26026166
http://dx.doi.org/10.1158/1078-0432.CCR-08-3257
http://www.ncbi.nlm.nih.gov/pubmed/19509156
http://dx.doi.org/10.1371/journal.pone.0108005
http://www.ncbi.nlm.nih.gov/pubmed/25303175
http://dx.doi.org/10.1074/jbc.M113.517953
http://www.ncbi.nlm.nih.gov/pubmed/24196965
http://dx.doi.org/10.1016/j.cellsig.2013.09.018
http://www.ncbi.nlm.nih.gov/pubmed/24100264

Cancers 2017, 9, 54 17 of 19

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Xiao, Y.; Wang, J.; Chen, Y.; Zhou, K.; Wen, J.; Wang, Y.; Zhou, Y.; Pan, W.; Cai, W. Up-regulation of miR-200b
in biliary atresia patients accelerates proliferation and migration of hepatic stallate cells by activating
PI3K/ Akt signaling. Cell. Signal. 2014, 26, 925-932. [CrossRef] [PubMed]

Ogawa, T.; Enomoto, M.; Fujii, H.; Sekiya, Y.; Yoshizato, K.; Ikeda, K.; et al. MicroRNA-221/222 upregulation
indicates the activation of stellate cells and the progression of liver fibrosis. Gut 2012, 61, 1600-1609.
[CrossRef] [PubMed]

Lakner, A.M.; Steuerwald, N.M.; Walling, T.L.; Ghosh, S.; Li, T.; McKillop, I.H.; Russo, M.W.; Bonkovsky, H.L.;
Schrum, L.W. Inhibitory effects of microRNA 19b in hepatic stellate cell-mediated fibrogenesis. Hepatology
2012, 56, 300-310. [CrossRef] [PubMed]

Roy, S.; Benz, F,; Vargas Cardenas, D.; Vucur, M.; Gautheron, J.; Schneider, A.; Hellerbrand, C.; Pottier, N.;
Alder, J.; Tacke, F.; et al. MiR-30c and miR-193 are a part of the TGF-3-dependent regulatory network
controlling extracellular matrix genes in liver fibrosis. J. Dig. Dis. 2015, 16, 513-524. [CrossRef] [PubMed]
Roderburg, C.; Luedde, M.; Vargas Cardenas, D.; Vucur, M.; Mollnow, T.; Zimmermann, HW.; Koch, A;
Hellerbrand, C.; Weiskirchen, R.; Frey, N.; et al. MiR-133a mediates TGF-3-dependent derepression of
collagen synthesis in hepatic stellate cells during liverfibrosis. |. Hepatol. 2013, 58, 736—742. [CrossRef]
[PubMed]

Liu, Z,; Yi, J.; Ye, R.; Liu, J.; Duan, Q.; Xiao, J.; Liu, F. MiR-144 regulates transforming growth factor-p1
induced hepatic stellate cell activation in human fibrotic liver. Int. J. Clin. Exp. Pathol. 2015, 8, 3994—4000.
[PubMed]

Murakami, Y.; Toyoda, H.; Tanaka, M.; Kuroda, M.; Harada, Y.; Matsuda, F; Tajima, A.; Kosaka, N.;
Ochiya, T.; Shimotohno, K. The progression of liver fibrosis is related with overexpression of the miR-199
and 200 families. PLoS ONE 2011, 6, e16081. [CrossRef] [PubMed]

Yu, E; Guo, Y,; Chen, B.; Dong, P.; Zheng, ]. MicroRNA-17-5p activates hepatic stellate cells through targeting
of Smad?7. Lab. Investig. 2015, 95, 781-789. [CrossRef] [PubMed]

Wang, B.; Li, W.; Guo, K,; Xiao, Y.; Wang, Y.; Fan, ]. MiR-181b promotes hepatic stellate cells proliferation
by targeting p27 and is elevated in the serum of cirrhosis patients. Biochem. Biophys. Res. Commun. 2012,
421, 4-8. [CrossRef] [PubMed]

Nouraee, N.; Van Roosbroeck, K.; Vasei, M.; Semnani, S.; Samaei, N.M.; Naghshvar, F.; Omidi, A.A,;
Calin, G.A.; Mowla, S.J. Expression, tissue distribution and function of miR-21 in esophageal squamous cell
carcinoma. PLoS ONE 2013, 8, €73009. [CrossRef] [PubMed]

Al-Ansari, M.M.; Aboussekhra, A. MiR-146b-5p mediates p16-dependent repression of IL-6 and suppresses
paracrine procarcinogenic effects of breast stromal fibroblasts. Oncotarget 2015, 6, 30006-30016. [PubMed]
Roybal, ].D.; Zang, Y.; Ahn, Y.H.; Yang, Y.; Gibbons, D.L.; Baird, B.N.; Alvarez, C.; Thilaganathan, N.;
Liu, D.D,; Saintigny, P.; et al. miR-200 Inhibits lung adenocarcinoma cell invasion and metastasis by targeting
Flt1/VEGFR1. Mol. Cancer Res. 2011, 9, 25-35. [CrossRef] [PubMed]

Donnarumma, E.; Fiore, D.; Nappa, M.; Roscigno, G.; Adamo, A.; Iaboni, M.; Russo, V.; Affinito, A.; Puoti, L;
Quintavalle, C.; et al. Cancer-associated fibroblasts release exosomal microRNAs that dictate an aggressive
phenotype in breast cancer. Oncotarget 2017, 8, 19592-19608. [CrossRef] [PubMed]

Feng, X.; Tan, W.; Cheng, S.; Wang, H.; Ye, S.; Yu, C.; He, Y.; Zeng, J.; Cen, J.; Hu, J.; et al. Upregulation of
microRNA-126 in hepatic stellate cells may affect pathogenesis of liver fibrosis through the NF-kB pathway.
DNA Cell Biol. 2015, 34, 470-480. [CrossRef] [PubMed]

Gandellini, P.; Giannoni, E.; Casamichele, A.; Taddei, M.L.; Callari, M.; Piovan, C.; Valdagni, R.; Pierotti, M.A;
Zaffaroni, N.; Chiarugi, P. miR-205 hinders the malignant interplay between prostate cancer cells and
associated fibroblasts. Antioxid. Redox Signal. 2014, 20, 1045-1059. [CrossRef] [PubMed]

Chen, J.; Wang, M.; Guo, M.; Xie, Y.; Cong, Y.S. MiR-127 regulates cell proliferation and senescence by
targeting BCL6. PLoS ONE 2013, 8, e80266. [CrossRef] [PubMed]

Sun, X,; He, Y;; Ma, T.T.; Huang, C.; Zhang, L.; Li, J. Participation of miR-200a in TGF-f31-mediated hepatic
stellate cell activation. Mol. Cell. Biochem. 2014, 388, 11-23. [CrossRef] [PubMed]

Yang,J.; Lu, Y.; Lin, Y.Y;; Zheng, Z.Y.; Fang, ] H.; He, S.; Zhuang, S.M. Vascular mimicry formation is promoted
by paracrine TGF-$3 and SDF1 of cancer-associated fibroblasts and inhibited by miR-101 in hepatocellular
carcinoma. Cancer Lett. 2016, 383, 18-27. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.cellsig.2014.01.003
http://www.ncbi.nlm.nih.gov/pubmed/24412919
http://dx.doi.org/10.1136/gutjnl-2011-300717
http://www.ncbi.nlm.nih.gov/pubmed/22267590
http://dx.doi.org/10.1002/hep.25613
http://www.ncbi.nlm.nih.gov/pubmed/22278637
http://dx.doi.org/10.1111/1751-2980.12266
http://www.ncbi.nlm.nih.gov/pubmed/26120970
http://dx.doi.org/10.1016/j.jhep.2012.11.022
http://www.ncbi.nlm.nih.gov/pubmed/23183523
http://www.ncbi.nlm.nih.gov/pubmed/26097586
http://dx.doi.org/10.1371/journal.pone.0016081
http://www.ncbi.nlm.nih.gov/pubmed/21283674
http://dx.doi.org/10.1038/labinvest.2015.58
http://www.ncbi.nlm.nih.gov/pubmed/25915722
http://dx.doi.org/10.1016/j.bbrc.2012.03.025
http://www.ncbi.nlm.nih.gov/pubmed/22446332
http://dx.doi.org/10.1371/journal.pone.0073009
http://www.ncbi.nlm.nih.gov/pubmed/24039846
http://www.ncbi.nlm.nih.gov/pubmed/26338965
http://dx.doi.org/10.1158/1541-7786.MCR-10-0497
http://www.ncbi.nlm.nih.gov/pubmed/21115742
http://dx.doi.org/10.18632/oncotarget.14752
http://www.ncbi.nlm.nih.gov/pubmed/28121625
http://dx.doi.org/10.1089/dna.2014.2760
http://www.ncbi.nlm.nih.gov/pubmed/25974152
http://dx.doi.org/10.1089/ars.2013.5292
http://www.ncbi.nlm.nih.gov/pubmed/23924028
http://dx.doi.org/10.1371/journal.pone.0080266
http://www.ncbi.nlm.nih.gov/pubmed/24282530
http://dx.doi.org/10.1007/s11010-013-1895-0
http://www.ncbi.nlm.nih.gov/pubmed/24242045
http://dx.doi.org/10.1016/j.canlet.2016.09.012
http://www.ncbi.nlm.nih.gov/pubmed/27693460

Cancers 2017, 9, 54 18 of 19

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Tu, X.; Zhang, H.; Zhang, J.; Zhao, S.; Zheng, X.; Zhang, Z.; Zhu, J.; Chen, J.; Dong, L.; Zang, Y.; et al.
MicroRNA-101 suppresses liver fibrosis by targeting the TGFf signalling pathway. J. Pathol. 2014, 234, 46-59.
[CrossRef] [PubMed]

Li, ].; Ghazwani, M.; Zhang, Y.; Lu, J.; Li, J.; Fan, ].; Gandhi, C.R; Li, S. MiR-122 regulates collagen production
via targeting hepatic stellate cells and suppressing PAHA1 expression. J. Hepatol. 2013, 58, 522-528. [CrossRef]
[PubMed]

Chen, C.; Wu, C.Q.; Zhang, Z.Q.; Yao, D.K,; Zhu, L. Loss of expression of miR-335 is implicated in hepatic
stellate cell migration and activation. Exp. Cell Res. 2011, 317, 1714-1725. [CrossRef] [PubMed]

Hu, J.; Chen, C; Liu, Q.; Liu, B,; Song, C.; Zhu, S.; Wu, C,; Liu, S.; Yu, H,; Yao, D.; et al. The role of the
miR-31/FIH1 pathway in TGF-3-induced liver fibrosis. Clin. Sci. 2015, 129, 305-317. [CrossRef] [PubMed]

Kabir, T.D.; Leigh, R.]J.; Tasena, H.; Mellone, M.; Coletta, R.D.; Parkinson, E.K.; Prime, S.S.; Thomas, G.J.;
Paterson, 1.C.; Zhou, D.; et al. A miR-335/COX-2/PTEN axis regulates the secretory phenotype of senescent
cancer-associated fibroblasts. Aging 2016, 8, 1608-1635. [CrossRef] [PubMed]

Wei, ].; Feng, L.; Li, Z.; Xu, G.; Fan, X. MicroRNA-21 activates hepatic stellate cells via PTEN/ Akt signaling.
Biomed. Pharmacother. 2013, 67, 387-392. [CrossRef] [PubMed]

Shen, Z.; Qin, X.; Yan, M.; Li, R;; Chen, G.; Zhang, J.; Chen, W. Cancer-associated fibroblasts promote
cancer cell growth through a miR-7-RASSF2-PAR-4 axis in the tumor microenvironment. Oncotarget 2017, 8,
1290-1303. [CrossRef] [PubMed]

Venugopal, S.K,; Jiang, J.; Kim, T.H.; Li, Y.; Wang, S.S.; Torok, N.J.; Wu, J.; Zern, M. A. Liver fibrosis causes
downregulation of miRNA-150 and miRNA-194 in hepatic stellate cells, and their overexpression causes
decreased stellate cell activation. J. Physiol. Gastrointest. Liver Physiol. 2010, 298, G101-G106. [CrossRef]
[PubMed]

Kwon, ].J.; Nabinger, S.C.; Vega, Z.; Sahu, S.S.; Alluri, RK.; Abdul-Sater, Z.; Yu, Z.; Gore, J.; Nalepa, G.;
Saxena, R.; et al. Pathophysiological role of microRNA-29 in pancreatic cancer stroma. Sci. Rep. 2015,
5,11450. [CrossRef] [PubMed]

Huang, Y.H.; Tiao, M.M.; Huang, L.T.; Chuang, ].H.; Kuo, K.C; Yang, Y.L.; Wang, ES. Activation of Mir-29a
in Activated Hepatic Stellate Cells Modulates Its Profibrogenic Phenotype through Inhibition of Histone
Deacetylases 4. PLoS ONE 2015, 10, e0136453. [CrossRef] [PubMed]

Du, J.; Niu, X.; Wang, Y.; Kong, L.; Wang, R.; Zhang, Y.; Zhao, S.; Nan, Y. MiR-146a-5p suppresses activation
and proliferation of hepatic stellate cells in nonalcoholic fibrosing steatohepatitis through directly targeting
Wntl and Wnt5a. Sci. Rep. 2015, 5, 16163. [CrossRef] [PubMed]

Maubach, G.; Lim, M.C.; Chen, |.; Yang, H.; Zhuo, L. MiRNA studies in in vitro and in vivo activated hepatic
stellate cells. World J. Gastroenterol. 2011, 17, 2748-2773. [CrossRef] [PubMed]

Takikawa, T.; Masamune, A.; Hamada, S.; Nakano, E.; Yoshida, N.; Shimosegawa, T. MiR-210 regulates the
interaction between pancreatic cancer cells and stellate cells. Biochem. Biophys. Res. Commun. 2013, 437,
433-439. [CrossRef] [PubMed]

Li, F; Ma, N.; Zhao, R.;; Wu, G.; Zhang, Y.; Qiao, Y;; Han, D.; Xu, Y,; Xiang, Y.; Yan, B.; et al. Overexpression
of miR-483-5p/3p cooperate to inhibit mouse liver fibrosis by suppressing the TGF-stimulated HSCs in
transgenic mice. J. Cell. Mol. Med. 2014, 18, 966-974. [CrossRef] [PubMed]

Hong, B,; Li, H.,; Zhang, M.; Xu, J.; Lu, Y.;; Zheng, Y; Qian, J.; Chang, ].T,; Yang, J.; Yi, Q. p38 MAPK inhibits
breast cancer metastasis through regulation of stromal expansion. Int. J. Cancer 2015, 136, 34—43. [CrossRef]
[PubMed]

Ge, S.; Xie, J.; Liu, E; He, J.; He, ]. MicroRNA-19b reduces hepatic stellate cell proliferation by targeting GRB2
in hepatic fibrosis models in vivo and in vitro as part of the inhibitory effect of estradiol. J. Cell. Biochem.
2015, 116, 2455-2464. [CrossRef] [PubMed]

Pang, W.; Su, J.; Wang, Y.; Feng, H.; Dai, X; Yuan, Y.; Chen, X.; Yao, W. Pancreatic cancer-secreted miR-155
implicates in the conversion from normal fibroblasts to cancer-associated fibroblasts. Cancer Sci. 2015, 106,
1362-1369. [CrossRef] [PubMed]

Shen, J.; Wan, R.; Hu, G.; Yang, L.; Xiong, J.; Wang, F; Shen, J.; He, S.; Guo, X.; Ni, J.; et al. MiR-15b and
miR-16 induce the apoptosis of rat activated pancreatic stellate cells by targeting Bcl-2 in vitro. Pancreatology
2012, 12, 91-99. [CrossRef] [PubMed]


http://dx.doi.org/10.1002/path.4373
http://www.ncbi.nlm.nih.gov/pubmed/24817606
http://dx.doi.org/10.1016/j.jhep.2012.11.011
http://www.ncbi.nlm.nih.gov/pubmed/23178710
http://dx.doi.org/10.1016/j.yexcr.2011.05.001
http://www.ncbi.nlm.nih.gov/pubmed/21586285
http://dx.doi.org/10.1042/CS20140012
http://www.ncbi.nlm.nih.gov/pubmed/25728779
http://dx.doi.org/10.18632/aging.100987
http://www.ncbi.nlm.nih.gov/pubmed/27385366
http://dx.doi.org/10.1016/j.biopha.2013.03.014
http://www.ncbi.nlm.nih.gov/pubmed/23643356
http://dx.doi.org/10.18632/oncotarget.13609
http://www.ncbi.nlm.nih.gov/pubmed/27901488
http://dx.doi.org/10.1152/ajpgi.00220.2009
http://www.ncbi.nlm.nih.gov/pubmed/19892940
http://dx.doi.org/10.1038/srep11450
http://www.ncbi.nlm.nih.gov/pubmed/26095125
http://dx.doi.org/10.1371/journal.pone.0136453
http://www.ncbi.nlm.nih.gov/pubmed/26305546
http://dx.doi.org/10.1038/srep16163
http://www.ncbi.nlm.nih.gov/pubmed/26537990
http://dx.doi.org/10.3748/wjg.v17.i22.2748
http://www.ncbi.nlm.nih.gov/pubmed/21734783
http://dx.doi.org/10.1016/j.bbrc.2013.06.097
http://www.ncbi.nlm.nih.gov/pubmed/23831622
http://dx.doi.org/10.1111/jcmm.12293
http://www.ncbi.nlm.nih.gov/pubmed/24801603
http://dx.doi.org/10.1002/ijc.28958
http://www.ncbi.nlm.nih.gov/pubmed/24806617
http://dx.doi.org/10.1002/jcb.25116
http://www.ncbi.nlm.nih.gov/pubmed/25650006
http://dx.doi.org/10.1111/cas.12747
http://www.ncbi.nlm.nih.gov/pubmed/26195069
http://dx.doi.org/10.1016/j.pan.2012.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22487517

Cancers 2017, 9, 54 19 of 19

67.

68.

69.

70.

71.

72.

73.

74.

Guo, C.J.; Pan, Q,; Jiang, B.; Chen, G.Y,; Li, D.G. Effects of upregulated expression of microRNA-16 on
biological properties of culture-activated hepatic stellate cells. Apoptosis 2009, 14, 1331-1340. [CrossRef]
[PubMed]

He, Y;; Huang, C.; Sun, X.; Long, X.R.; Lv, X.W.; Li, ]. MicroRNA-146a modulates TGF-betal-induced hepatic
stellate cell proliferation by targeting SMADA4. Cell. Signal. 2012, 24, 1923-1930. [CrossRef] [PubMed]

Li, X.; Chen, Y,; Wu, S; He, J.; Lou, L.; Ye, W.; Wang, ]J. microRNA-34a and microRNA-34c promote
the activation of human hepatic stellate cells by targeting peroxisome proliferator-activated receptor y.
Mol. Med. Rep. 2015, 11, 1017-1024. [CrossRef] [PubMed]

Lu, L; Wang, J.; Lu, H,; Zhang, G.; Liu, Y.; Wang, J.; Zhang, Y.; Shang, H.; Ji, H.; Chen, X; et al.
MicroRNA-130a and -130b enhance activation of hepatic stellate cells by suppressing PPARy expression:
A rat fibrosis model study. Biochem. Biophys. Res. Community 2015, 465, 387-393. [CrossRef] [PubMed]

Xu, D.; Takeshita, F.; Hino, Y.; Fukunaga, S.; Kudo, Y.; Tamaki, A.; Matsunaga, J.; Takahashi, R.U.; Takata, T.;
Shimamoto, A.; et al. MiR-22 represses cancer progression by inducing cellular senescence. J. Cell Biol. 2011,
193, 409-424. [CrossRef] [PubMed]

Qi, F; Hu, J.F; Liu, B.H.; Wu, C.Q.; Yu, HY,; Yao, D.K.; Zhu, L. MiR-9a-5p regulates proliferation and
migration of hepatic stellate cells under pressure through inhibition of SIRT1. World ]. Gastroenerol. 2015, 21,
9900-9915. [CrossRef] [PubMed]

Yang, J.J.; Tao, H.; Hu, W,; Liu, L.P; Shi, K.H.; Deng, Z.Y.; Li, ]. MicroRNA-200a controls Nrf2 activation by
target Keapl in hepatic stellate cell proliferation and fibrosis. Cell. Signal. 2014, 26, 2381-2389. [CrossRef]
[PubMed]

Masamune, A.; Nakano, E.; Hamada, S.; Takikawa, T.; Yoshida, N.; Shimosegawa, T. Alteration of the
microRNA expression profile during the activation of pancreatic stellate cells. Scand. ]. Gastroenterol. 2014,
49, 323-331. [CrossRef] [PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s10495-009-0401-3
http://www.ncbi.nlm.nih.gov/pubmed/19784778
http://dx.doi.org/10.1016/j.cellsig.2012.06.003
http://www.ncbi.nlm.nih.gov/pubmed/22735812
http://dx.doi.org/10.3892/mmr.2014.2846
http://www.ncbi.nlm.nih.gov/pubmed/25370690
http://dx.doi.org/10.1016/j.bbrc.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/26255201
http://dx.doi.org/10.1083/jcb.201010100
http://www.ncbi.nlm.nih.gov/pubmed/21502362
http://dx.doi.org/10.3748/wjg.v21.i34.9900
http://www.ncbi.nlm.nih.gov/pubmed/26379395
http://dx.doi.org/10.1016/j.cellsig.2014.07.016
http://www.ncbi.nlm.nih.gov/pubmed/25049078
http://dx.doi.org/10.3109/00365521.2013.876447
http://www.ncbi.nlm.nih.gov/pubmed/24404812
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Clinical Relevance of miR in CAF 
	Functional Consequences of miRNA Dysregulation in CAFs 
	EMT/MET Switch 
	TGF- Signaling 
	Extracellular Matrix, Migration and Invasion 
	Soluble Factors 
	Cell Cycle and Proliferation 

	MiR-Targeted Readouts for Cellular Functions 



