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Abstract
MicroRNAs (miRNAs) are a class of small non-coding RNAs that regulate cancer progression,
especially the processes of invasion and metastasis. Although earlier studies in metastasis
primarily focused on the impact miRNAs had on the intrinsic properties of cancer cells, recent
reports reveal that miRNAs also shape interactions between cancer cells and their associated
stroma. In this review, we discuss current mechanisms by which miRNAs execute their
microenvironmental regulation of cancer metastasis, including regulating expression of cell
membrane-bound and secreted proteins or directly transmitting mature miRNAs between different
cell types. The significance of miRNA-mediated tumor-stroma interactions in regulating
metastasis suggests miRNAs may be a potential therapeutic target.
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MicroRNAs in cancer progression: focus on metastasis
MicroRNAs (miRNAs) are a class of small non-coding RNAs that regulate a wide range of
biological processes through changing the expression and translation of their target mRNA
genes [1]. Shortly after the identification of miRNAs, reports began surfacing regarding
their dysregulation in a variety of cancer types [2–4]. Accumulating literature shows that
abnormal expression of miRNAs in tumors has significant pathological consequences: they
can either enhance oncogene expression to facilitate tumorigenesis [5], or reduce the
expression of tumor suppressors resulting in enhanced overexpression of oncogene products
[6, 7]. In addition to promoting tumor growth, many miRNAs also participate in the
metastatic process, which accounts for the mortality of approximately 90% of cancer
patients [8, 9].
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Cancer metastasis is a complex and inefficient process. To form metastases at sites distant
from the initial primary tumor location, cancer cells need to invade through the basement
membrane, intravasate into the blood stream, disseminate through the circulation,
extrasavate to distal tissues/organs, and adapt to a new environment at the secondary site for
survival and proliferation [10, 11]. During each step, cancer cells closely interact with their
surrounding microenvironment consisting of the extracellular matrix (ECM) and stromal
cells including immune cells, fibroblasts, endothelial cells, bone marrow derived cells
(BMDCs) and stem/progenitor cells. Indeed, it is now widely accepted that the metastatic
potential of cancer cells is determined by both their intrinsic and extrinsic properties and the
role of miRNAs has been implicated in regulating both to promote metastasis [12]. miRNAs
were shown to regulate metastasis by altering the intrinsic properties of cancer cells such as
cell proliferation, migration, apoptosis, cellular senescence and DNA damage responses
[13–17]. In the past five years, several miRNAs have been shown to be actively involved in
the formation and function of different microenvironments encountered during tumor
dissemination. Through modulation of the tumor microenvironment, those miRNAs can
regulate cancer cell interactions and their metastatic potential.

In this review, we focus on the effects of miRNAs on the microenvironmental regulation of
cancer metastasis. We also discuss the context-dependent nature of miRNA regulation and
its impact on understanding the role of miRNAs in metastasis. Since the majority of life-
threatening cancers occur in epithelial tissues [18], this review primarily focuses on the
metastatic process of carcinomas. However, due to similarities in metastatic routes with
some other cancer types, many of these miRNAs may also play a role in the metastatic
process of certain sarcomas or even lymphomas.

Primary Tumor Microenvironment
Oncogenesis initiates at the primary tumor site. Although still controversial, many believe
the primary tumor site is also the location where cancer cells obtain their metastatic potential
[11]. This hypothesis is supported by the similarities in gene expression signatures observed
between metastases and their corresponding primary tumors in several different types of
cancer including breast, pancreatic, colorectal, and prostate cancer [19–23]. These findings
strongly suggest the significance of analyzing the pathological properties of primary tumors
when defining mechanisms of cancer metastasis.

The primary tumor is largely composed of a population of cancer cells; however, a
population of stromal cells also exists, which directly and indirectly interact with cancer
cells and influence the process of tumor development. Cancer cells adapt to and utilize the
primary tumor microenvironment to initiate metastasis through two complementary
strategies: they change their own gene expression pattern to take advantage of the signaling
input from the stroma and invade/migrate to a favorable place; alternatively, they actively
recruit specific stromal cell types to the primary tumor site to facilitate metastasis. In this
scenario, the interactions between cancer cells and stroma co-evolve as the tumor develops.
Recent studies have shown that miRNAs can participate in both of these processes. Here, we
review the mechanisms by which the dysregulation of miRNAs inside cancer cells can
facilitate the adaptation and modulation of the primary tumor microenvironment to promote
metastasis.

Epithelial-Mesenchymal Transition (EMT) and Extracellular Matrix Remodeling
During carcinoma metastasis, the first step towards reaching a distant site is to breach the
basement membrane, which is a specialized type of ECM that separates epithelial cells from
multiple layers of stroma. In a normal situation, epithelial cells form a strong connection
with each other through epithelial adheren-junctions involving the protein E-cadherin,
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limiting their migratory ability. To acquire motility and invasiveness, carcinoma cells
undergo a morphological alternation known as the epithelial-mesenchymal transition
(EMT), to repress the expression of E-cadherin and thus detach from the epithelial sheets
[24]. In addition to changes in shape, cancer cells undergoing EMT display fundamental
differences in their gene expression profiles and exhibit some properties of stem cells [25].
These stem-like carcinoma cells are able to bypass cellular senescence induced by oncogene
activation and maintain their self-renewal capacity at distant sites [25, 26]. Thus, the EMT
process is not only a migratory strategy but also a crucial process for the establishment and
maintenance of cancer cell stemness. Recent evidence suggests that multiple miRNAs are
involved in regulating the EMT process.

The miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-429) and
miR-205 were the first group of miRNAs reported to regulate EMT. MiR-200 family and
miR-205 were shown to be down-regulated in a variety of tumors to facilitate EMT
progression. Loss of these miRNAs leads to increased expression of the ZEB family of
transcription factors, which regulate the expression of EMT-related genes such as E-
cadherin inside carcinoma cells [27–29]. Since this discovery, additional miRNAs have been
found to modulate the EMT process when intrinsically dysregulated in cancer cells by post-
transcriptionally regulating EMT-related transcription factors. For example, miR-34, miR-9
and miR-30a regulate the expression of Snail1 [30–32], whereas miR-124, miR-203 and
miR-204/211 target Snail2 [33–35]; miR-214, miR-580 and Let-7d regulate Twist1 [36–38];
miR-138, miR-215 and miR-708 suppress Zeb2 [39–41]. A detailed review on the EMT-
related transcription factors and miRNAs regulating those factors can be found elsewhere
[42].

In order to invade adjacent cell layers, cancer cells also need to excavate a passage through
the ECM by remodeling the nearby tissue environment. In this process, matrix
metalloproteinases (MMPs) are probably the most important effectors [43]. Although
stromal cells, such as macrophages, mast cells and fibroblasts, are generally believed to be
the main producers of MMPs, certain epithelial cells, under the appropriate stimuli, can also
exhibit MMP production [44]. Several miRNAs have been shown to affect the expression of
MMPs. For example, when miR-29b is induced by the transcription factor GATA3 in breast
cancer cells, it suppresses the expression of a group of pro-metastatic regulators including
MMP2 and MMP9, consequently re-shaping the tumor microenvironment and suppressing
metastasis by altering collagen remodeling, angiogenesis and proteolysis [45]. Different
from miR-29b, up-regulation of miR-21 has been reported to associate with increased
expression of multiple MMPs including MMP2 and MMP9. It regulates MMP expression
through suppressing the expression of both the phosphatase PTEN in hepatocellular
carcinoma cells or MMP inhibitors RECK and TIMP3 in glioblastoma cells [46, 47]. In
addition, down-regulation of miR-138 was shown to induce RhoC expression and
consequently increase production of MMP2/MMP9 in cholangiocarcinoma [48]. Similarly,
miR-24 was recently reported to enhance EGFR signaling, which regulates the expression
and activity of several MMPs as its downstream targets, and thus increase the expression of
MMP2 and MMP11 [49]. Collectively, these findings demonstrate the involvement of many
microRNAs in EMT and extracellular matrix remodeling, two important processes whereby
carcinoma cells adapt to and utilize the primary tumor microenvironment to facilitate their
migration and local invasion.

Stromal Cell Recruitment
In general, invasion through the basement membrane places cancer cells in a favorable
position for completing subsequent steps of metastasis. However, although cancer cells gain
direct access to blood and lymphatic vessels located on the stromal side of the basement
membrane, interactions between cancer cells and stroma may initially suppress the disease
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progression [12]. For example, co-culture of prostatic epithelial cancer cells with normal
fibroblasts, but not cancer-associated fibroblasts (CAFs), suppressed the proliferation of
cancer cells [50, 51]. To shift the microenvironment to a metastasis-promoting state, cancer
cells need to either transform the resident stroma cells, such as normal fibroblasts, to
facilitate their growth/invasion, or recruit other metastasis-promoting stromal cells to
remodel the microenvironment. Although it is still largely unknown how normal resident
stroma cells are transformed, recent evidence suggests that miRNAs can regulate metastasis
by influencing the recruitment of stromal cells in the primary tumor.

miR-126 and its complementary “passenger strand” miR-126* was recently found to
suppress metastasis by modulating the composition of primary tumor stroma [52]. Using the
4T1-Balb/c xenograft model, in which adaptive immunity functions as a contributor to
metastasis, miR-126/126* was found to significantly inhibit lung metastasis when the 4T1
murine mammary tumor cells were implanted in the mammary gland (primary tumor site),
but not when injected into the tail vein (metastatic site). This result indicates that this pair of
miRNAs suppresses metastasis by altering the primary tumor microenvironment before the
tumor cells enter circulation. Mechanistically, miR-126/126* directly inhibits the expression
of the chemokine Sdf-1α in cancer cells and indirectly suppresses the production of
chemokine Ccl2 in an Sdf-1α- and stroma-dependent manner. Both of these chemokines
have been reported to promote breast cancer metastasis by recruiting additional stromal cell
types. As a result, suppression of these two miRNAs in breast cancer cells leads to the
increased recruitment of mesenchymal stem cells (MSCs) and inflammatory monocytes, two
important metastasis-promoting stromal cell types [53, 54], into the primary tumor
microenvironment.

Immune Surveillance
The immune system is another important component of the tumor stroma. Accumulating
evidence shows that the immune system is able to distinguish cancer cells from normal cells
and eliminate neoplastic cells in many situations [55, 56]. However, if cancer cells obtain
the ability to escape immune surveillance, they can take advantage of immune responses that
promote a pro-metastatic environment permissive for their proliferation and invasion [57].
To evade immune detection, cancer cells can either inhibit the expression and display of
tumor antigens on the cell surface or increase the expression of certain surface
immunomodulatory inhibitors such as certain glycoproteins that disrupt immune
recognition. Although it remains to be determined how important miRNAs are in
modulating this process, some reports demonstrated that dysregulation of certain miRNAs in
cancer cells could contribute to immune evasion. For example, enhancer of zeste homolog 2
(EZH2), a recently identified tumor-associated antigen in prostate cancer [58], can be
suppressed by miR-138, partially explaining the up-regulation of this miRNA in high-grade
prostate tumors [59]. As an alternative immune-evasive strategy, miR-9 is able to suppress
the expression of MHC class I gene transcription and thus disturb the display of antigens at
the cell surface [60]. Different from these miRNAs, miR-29 modulates immunity against
cancer cells through a distinct process. Down-regulation of miR-29 in cancer cells leads to
the up-regulation of B7-H3, a cell surface immunomodulatory glycoprotein that attenuates
attack from natural killer cells and cytotoxic T cells. As a result, cancer cells expressing
lower levels of miR-29 may escape detection by the immune system [61].

In addition to intrinsic changes occurring within cancer cells, several miRNAs can modulate
immune surveillance by regulating the secretion of proteins from cancer cells needed to
attract immunosuppressive T-regulatory cells (Tregs) or launch counterattacks on cytotoxic
lymphocytes. For example, miR-30d promoted the metastatic behavior of melanoma cells by
directly suppressing the GalNac transferase GALNT7. By repressing GALNT7, miR-30d
stimulated the expression of the immunosuppressive cytokine IL-10, which has strong
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cytostatic effects on T lymphocytes and prevents their expression of MHC type II molecules
[62]. In addition, miR-34a, which is down-regulated by TGF-β in liver cancer cells,
suppressed the expression of chemokine CCL22 resulting in an attenuated ability of cancer
cells to attract Tregs. In hepatocellular carcinoma, elevated TGF-β activity leads to reduced
miR-34a expression and increased Treg infiltration. As a result, this immune-subversive
microenvironment facilitates the colonization of metastatic tumor cells to the major branches
of the portal vein, with the clinical symptom termed portal vein tumor thrombus (PVTT).
PVTT is strongly correlated with a poor prognosis for liver cancer patients [63].

It should be noted that up to now we have focused our discussion on how dysregulation of
miRNAs in cancer cells can contribute to immune evasion. Since many miRNAs also play
important roles in mediating the normal function of immune responses, abnormal expression
of those miRNAs in immune cells, through certain stimuli, may also affect cancer cell
immune escape. In addition, recent studies suggest that certain secreted miRNAs can serve
as a paracrine ligand for Toll-like receptors (TLRs) on immune cells and induce the
secretion of pro-metastatic inflammatory cytokines from those cells [64]. For cancer cells
that can already escape the immune attack, this strategy can further modulate the tumor
microenvironment to favor the proliferation and invasion of cancer cells.

Hypoxia and Angiogenesis
Inside the primary tumor, the rapid proliferation of cancer cells frequently outgrows its
blood supply, leaving many tumor cells in regions where the oxygen concentration is
significantly lower compared with normal tissues. To adapt to and survive in this hypoxic
microenvironment, cancer cells need to change their intrinsic gene expression pattern and
concomitantly induce angiogenesis to provide enough nutrients and oxygen. Hypoxia-
inducible factors (HIFs) are the most important transcription factors that respond to hypoxia.
HIFs orchestrate a signaling cascade to promote tumor cell survival and the formation of
neovasculature [65]. Recent studies have delineated the role of several microRNAs that
coordinate with HIF signaling to regulate oxygen homeostasis inside tumors.

miR-210 is probably the most prominent microRNA upregulated by hypoxia via HIF
transcription. In breast cancer, melanoma, pancreatic cancer and ovarian cancer, elevated
expression of miR-210 under hypoxia has been reported to correlate with metastasis [66–
68]. Mechanistically, miR-210 targets a MYC antagonist MAX dimerization protein (MNY)
which allows cancer cells to bypass the hypoxia-induced cell cycle arrest [69]. It also
regulates the mitochondrial metabolism of cancer cells by upregulating glycolysis, a
metabolic pathway that is more adaptable for low oxygen conditions, through suppressing
the expression of iron-sulfur cluster scaffold homolog (ISCU) and cytochrome c oxidase
assembly protein (COX10) [70]. Interestingly, hypoxia stimulation or direct transmission
from cancer cells via miRNA-containing microvesicles can enhance miR-210 expression in
endothelial cells (the latter mechanism will be discussed later). In endothelial cells, elevated
expression of miR-210 suppresses the production of Ephrin-A3 (EFNA3), a member of the
ephrin family ligand that plays a crucial role in the development of the cardiovascular
system and in vascular remodeling. This suppression via miR-210 stimulates the formation
of capillary-like structures and cell migration [71]. In addition to miR-210, miR-424 is also
induced by hypoxia to suppress a scaffolding protein cullin 2 (CUL2), which is critical to
the assembly of the ubiquitin ligase system, resulting in the stabilization of HIF-α and
increased angiogenesis [72].

Despite these findings, current understanding of the role of microRNAs in the hypoxic
microenvironment is still limited. For example, it is unclear what the molecular nature of the
regulatory process is for many hypoxia-induced or -suppressed microRNAs that are not
direct targets of HIF transcription factors [73]. It also remains to be determined whether
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microRNAs are involved in other hypoxia-related processes such as the maintenance of a
cancer stem cell niche [74].

Invasive and Metastatic Tumor Microenvironment
En route to form metastases, cancer cells must travel from the primary site through blood or
lymphatic vessels and colonize at the secondary site. During this process, cancer cells face at
least two distinct microenvironments from that found at the primary tumor site. Many of the
aforementioned miRNA-related strategies used to promote metastasis from the primary site,
such as immune evasion, are also applicable in these situations. However, there are also
several miRNA-related mechanisms that specifically influence these later steps of
metastasis.

A recent study provided mechanistic evidence for how the miR-200 family promotes cancer
cell colonization independent from their EMT regulatory function [75]. Combining
xenograft models and clinical correlation studies, the miR-200 family was found to suppress
the expression of Sec23a, an essential component of COPII vesicles that transports proteins
from the ER to Golgi apparatus, and thus induce a global reduction in protein secretion in
breast cancer cells. The miR-200-Sec23a axis specifically functions at the colonization step,
in which cancer cells initiate micrometastases formation at a distant organ, by decreasing the
secretion of metastasis-suppressive proteins including insulin-like growth factor binding
protein 4 (IGFBP4) and tubulointerstitial nephritis antigen-like 1 (Tinagl1). Although it
remains to be determined how these two molecules contribute to the formation of a
permissive environment at the distant site, this study suggests a novel mechanism by which
miR-200 family promotes metastatic colonization by influencing the tumor cell secretome.
Similar to miR-200 family, miR-17/20 cluster has been reported to regulate neighboring cell
migration/invasion, in addition to regulating the intrinsic properties of cancer cells, to inhibit
breast cancer cell invasion. High expression of miR-17/20 in breast cancer cells inhibits
expression of a subset of metastasis-promoting cytokines, such as IL-8 and CXCL1, while
concomitantly suppressing secreted plasminogen activators cytokeratin 8 and α-enolase that
facilitate cell migration/invasion once recognized by nearby cells [76].

In addition to its role at the primary tumor site, miR-126 is also known to promote late
stages of metastasis. Using human MDA-MB-231 cell series and immune-deficient SCID
mice, it was shown that miR-126 attenuates the metastatic colonization of breast cancer cells
by suppressing pro-angiogenic factors, including insulin-like growth factor binding protein 2
(IGFBP2), phosphatidylinositol transfer protein, cytoplasmic 1 (PITPNC1) and c-mer proto-
oncogene tyrosine kinase (MERTK) [77]. Consequently, this miRNA inhibits the
recruitment of endothelial cells and angiogenesis at the metastatic site. These two studies on
miR-126 suggest miRNA function is highly dependent on tumor cell intrinsic and extrinsic
properties. This context-dependent nature of miRNAs will be further discussed in this
review.

Direct Transmission of microRNAs between Cancer Cells and Associated
Stromal Cells

miRNAs have been detected in the serum of cancer patients and can serve as circulating
biomarkers for several different cancer types such as breast, pancreatic, colon, and lung
cancer [78–82]. Circulating miRNAs can originate either from cancer cell debris generated
through apoptosis or necrosis, or from miRNA-containing microvesicles that are actively
produced by cancer cells. While it has been speculated that circulating miRNAs, once
absorbed by another cell, can change the gene expression pattern of its recipients, the
experimental evidence to support this hypothesis has just emerged. A recent study
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demonstrated that mast-cell-secreted exosomes contained mRNAs and miRNAs and these
RNAs were transferable to and functional in other cells [83]. Recent studies provided
mechanistic evidence that certain miRNAs in this form could directly regulate the cancer
metastasis process by modulating cancer cell-stroma interactions.

For example, miR-210 can be released from metastatic breast cancer cells via an nSMase2-
dependent exosomal secretion pathway and transported to endothelial cells. Once inside, this
miRNA increased cell migration and capillary formation thereby promoting angiogenesis
and metastasis [84]. Alternatively, miRNAs can also been transmitted from stroma cells to
cancer cells. A recent study showed that miR-223, which is highly expressed in IL-4
activated tumor-associated macrophages (TAMs) but not in breast cancer cells, can be
transmitted from TAMs to co-cultured cancer cells. After entering breast cancer cells,
miR-223 suppressed the expression of Myocyte-specific enhancer factor 2C (Mef2c), whose
reduction has been linked to nuclear accumulation of β-catenin and the promotion of cell
migration [85]. This is a novel mechanism in which TAMs promote breast cancer cell
invasion and metastasis by secreting miRNA-containing microvesicles [86]. Furthermore,
the secreted miRNAs that function as ligands for TLRs also belong to this type of regulation
[64]. The transmission of miRNAs-containing microvesicles between different cell types
provides an additional mechanism of microenvironmental regulation of metastasis beyond
alterations in the expression of membrane and secreted proteins.

Beyond the surface: why the effects of microRNAs seem so complex
Based on previous discussions, it is obvious that miRNAs are widely involved in the
interactions between cancer cells and their associated stroma. However, it has been difficult
to fully understand the regulatory network of miRNAs in the microenvironmental regulation
of metastasis given the complexity of tumor-stroma interaction and the context-dependent
nature of miRNA functions. It is quite common to notice some seemingly contradictory
observations about miRNAs in cancer metastasis: some miRNAs have different effects at
the same stage for a specific cancer type; others regulate multiple steps throughout the
metastasis process. To better understand this phenomenon, there are at least three issues that
should be noted:

First, several miRNAs function as master regulators of cancer metastasis that also regulate
more than one step in the invasion-metastasis cascade. For example, oncogenic miR-21 is
involved in multiple aspects of cancer oncogenesis and metastasis [14]. miR-21 is
overexpressed in most tumor types analyzed and is known to promote cancer cell survival,
proliferation, migration and invasion [47, 87–89]. It is also involved in remodeling the ECM
and facilitating angiogenesis [46, 90]. A recent study used the Cre- and Tet-off technique to
generate mice that conditionally express miR-21 and demonstrated that tumors could
become addicted to miR-21 similar to other oncogene addictions [91]. Similarly, miR-31 is
also found to have pleiotropic functions in cancer metastasis. By coordinating repression of
a cohort of metastasis-promoting genes, miR-31 inhibits several steps of metastasis
including local invasion, extravasation, initial survival and metastatic colonization [92–94].
Given the strong effects of these master miRNAs in cancer progression, the prospect of
utilizing these miRNAs as therapeutic targets in cancer treatment is exciting.

Second, although a single miRNA can usually regulate hundreds of different mRNA genes,
the ability to select different target genes may be based on a specific cellular context, even
within the same step of metastasis. As previously mentioned, miR-126/126* regulates the
primary tumor microenvironment by recruiting MSCs and inflammatory monocytes [52]. In
contrast, it changes the metastatic tumor microenvironment by suppressing endothelial cells
infiltration [77]. Since the infiltration of the different types of stromal cells should not be
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restricted by the physical locations, it is more likely that the different phenotypes observed
in these studies are due to different experimental settings or different cellular contexts.
Analysis of potential targets of miR-126 revealed that the key targets in the MDA-MB-231
system, IGFBP2, PITPNC1 and MERTK were not the same crucial miR-126/126* targets in
the 4T1 model. It is possible that MDA-MD-231 and 4T1 cells represent different breast
cancer cell populations with distinct expression profiles of potential miR-126/126* targets
and/or RNA binding proteins that modulate the accessibility of the putative targets to these
microRNAs [52]. As a result, these two miRNAs may suppress the metastatic process
through different mechanisms in different subsets of breast cancer patients. The complexity
of miRNA in mediating cancer metastasis requires additional studies on the impact of the
cellular context. These studies, however, also suggest the advantage of developing miRNAs
that regulate multiple steps of cancer progression as therapeutic targets.

Third, determined by the specific cellular contexts in different stages of metastasis, miRNAs
may target the same gene but result in different phenotypic outcomes. For example,
miR-200 is well established as a breast tumor suppressor at the primary tumor site and
promotes epithelial characteristics by suppressing the EMT-regulatory transcription factor
ZEB1/2 [95]. However, the same miR-200-ZEB1/2 axis has been shown to promote
macroscopic metastases in a mouse xenograft model whereby tumor colonization might be
enhanced by a mesenchymal to epithelial cell transition (MET) [96]. These studies again
demonstrate the context-dependent nature of miRNAs in metastasis regulation.

Concluding remarks
In summary, there are many miRNAs involved in the regulation of tumor-stroma
interactions (Table 1). These miRNAs execute their microenvironmental regulation of
cancer metastasis through several different mechanisms, including regulating expression of
cell membrane proteins and secreted proteins, or directly transmitting mature miRNAs
between different cell types (Fig. 1). Although our current understanding in the field is still
in its nascent stage, the significance of miRNA-mediated tumor-stroma interaction in
metastasis implies the possibility to develop such miRNAs as therapeutic targets. Since the
genomes of stroma cells are not as mutable as cancer cells, it is difficult for tumors to
develop resistance to treatments targeting the tumor microenvironment. However, the
complexity of such regulation requires further basic and pre-clinical studies to examine the
upstream regulation of these miRNAs, the mechanisms underlying how the cellular context
determines their regulation, as well as the potential adverse effects of such treatments.
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Highlights

• miRNAs are able to regulate metastasis through modulating tumor
microenvironment

• Mechanistically, miRNAs regulate tumor cell membrane and secreted proteins

• Mature miRNAs can also be transmitted between tumor cells and stromal cells

• miRNAs regulating tumor-stroma interaction may serve as new therapeutic
targets
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Figure 1. The mechanisms by which miRNAs execute their microenvironmental regulation of
cancer metastasis
Through many different mechanisms, miRNAs regulate the tumor-stroma interactions and
the metastasis process. These mechanisms include: I. miRNAs regulate epithelial-
mesenchymal transition by suppressing EMT related transcription factors; II. miRNAs
regulate extracellular matrix remodeling through modulating certain matrix
metalloproteinase; III. miRNAs are able to function as direct transmitters that exchange
information between cancer cells and stromal cells and thus facilitate metastasis; IV.
miRNAs regulate recruitment of several stromal cell types including endothelial cells,
MSCs, inflammatory monocytes and immune cells via changing the expression level of
specific chemokines; V. miRNAs can coordinate with HIF transcription factors to regulate
the oxygen homeostasis in hypoxic microenvironment; VI. miRNAs facilitate immune
escape through either changing the expression of cancer specific antigens and surface
immunomodulatory proteins on cancer cell membrane or regulating the infiltration of
immune regulatory cell types such as regulatory T cells; VII. miRNAs regulate cancer cell
secretome to affect neighboring cells’ metastatic ability or to form a pro-metastatic
microenvironment; VIII. miRNAs promote colonization through increasing angiogenesis,
promoting cancer cell proliferation or forming a pro-metastatic environment at the distant
site.
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