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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is one of the most malignant digestive tumors,
characterized by a low rate of early diagnosis, strong invasiveness, and early metastasis. The
abundant stromal cells, dense extracellular matrix, and lack of blood supply in PDAC limit the
penetration of chemotherapeutic drugs, resulting in poor efficacy of the current treatment regimens.
Cancer-associated fibroblasts (CAFs) are the major stromal cells in the tumor microenvironment.
Tumor cells can secrete exosomes to promote the generation of activated CAFs, meanwhile exosomes
secreted by CAFs help promote tumor progression. The aberrant expression of miRNAs in exosomes
is involved in the interaction between tumor cells and CAFs, which provides the possibility for the
application of exosomal miRNAs in the diagnosis and treatment of PDAC. The current article reviews
the mechanism of exosomal miRNAs in the crosstalk between PDAC cells and CAFs in the tumor
microenvironment, in order to improve the understanding of TME regulation and provide evidence
for designing diagnostic and therapeutic targets against exosome miRNA in human PDAC.
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1. Introduction

The incidence and associated mortality of pancreatic ductal adenocarcinoma (PDAC)
are still steadily increasing, which is mainly due to its extremely poor prognosis. Cancer-
related mortality of this dismal disease ranks seventh globally and is sixth in China [1,2].
Because of the insidious onset and the unspecific clinical manifestations, it is difficult to
diagnose PDAC at an early stage; hence, only 20% of patients are amenable to surgical
treatment [3]. Early diagnosis is essential to increasing the resection rate and improving
the overall prognosis of PDAC, which requires more sensitive serum diagnostic mark-
ers. However, the sensitivity and specificity of the current biomarkers, including CEA,
CA19-9, CA24-2, and CA125, cannot meet clinical demands in the diagnosis of PDAC;
hence, new biomarkers need to be developed. Another important feature affecting the
prognosis of PDAC is the prominent desmoplastic change, which contributes its insensitiv-
ity to current radiochemotherapy. One of the recent research hotspots is discovering the
complex composition of the tumor microenvironment (TME) and developing novel targets
to improve the therapeutic effect of PDAC. Tumor stroma of PDAC is characterized by
tissue fibrosis, hypoxia, and an immunosuppressive microenvironment, of which activated
cancer-associated fibroblasts (CAFs) represent the major cellular component [4]. Intercom-
munication between cancer cells and CAFs facilitates PDAC progression, metastasis, and
chemoresistance. In recent years, the role of exosomes in the intercellular crosstalk has
attracted increasing attention.

Exosomes are small, lipid bilayer membrane vesicles of endocytic origin with a di-
ameter of 30-150 nm, which are widely present in blood, ascites, urine, and saliva [5,6].
Exosomes contain biomolecules derived from parental cells, including DNA, microRNAs
(miRNAs), long non-coding RNAs (IncRNAs), proteins, and other metabolites, which
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play an important role in intercellular communication and the regulation of physiological
and pathological processes [7-11]. MiRNAs are a class of non-coding RNAs consisting of
19-24 nucleotides that inhibit the expression of downstream target genes by interfering with
mRNA translation or promoting its degradation. In the TME, miRNAs can be delivered to
cancer and stromal cells via exosomes to promote intercellular communication and facilitate
cancer progression such as proliferation, invasion, and metastasis. Aberrant expression
of miRNAs in exosomes is not only involved in the regulation of cellular communication
between tumor cells and fibroblasts, but also in the formation of the immunosuppressive
microenvironment in PDAC. The complexity of their functions provides the possibility for
the application in the diagnosis of PDAC. Specific molecules including miRNA, IncRNA,
and proteins are enriched and preserved in various parental cell-derived exosomes which
could serve as potential biomarkers for cancer diagnosis. Moreover, accumulating evidence
proves that exosomal miRNAs are involved in the interaction between tumor and stromal
cells in the TME of PDAC, indicating its potential to improve in the diagnosis and treatment
of PDAC. In this article, we review the current knowledge on exosomal miRNAs involving
the intercellular communication between tumor and stromal cells, in order to improve
the understanding of TME regulation and provide evidence for designing diagnostic and
therapeutic targets against exosome miRNA in human PDAC (Figure 1).
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Figure 1. Exosomal miRNAs are involved in the crosstalk between PDAC cells and cancer-
associated fibroblasts.

2. Roles of CAFs in the TME of PDAC
2.1. Identification, Origin, and Classification of CAFs in PDAC

In PDAC, 60-70% of the tumor tissue is composed of CAF-dominant stromal cells and
the deposition of extracellular matrix (ECM) components such as collagen [12]. CAFs are
characterized by the expression of mesenchymal markers, morphological features (spindle
shape), and by the absence of non-mesenchymal markers (markers of epithelial, endothelial,
immune, and neuronal cells). The latest consensus states that CAFs are collections of cells
in the tumors that are negative for epithelial, endothelial, and leukocyte markers; have an
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elongated morphology; and lack the genetic mutations found in cancer cells [13]. CAFs
can be derived from normal fibroblasts, stellate cells, bone marrow-derived mesenchymal
stem cells, adipocytes, or endothelial cells [14-17] (Figure 1). Quiescent PSCs are the main
precursors of CAFs in the TME of PDAC. When injury or inflammation occurs, quiescent
PSCs will be activated, accompanied by changes in cell morphology and the disappearance
of lipid droplets. Subsequently, quiescent PSCs transform into a«-smooth muscle actin
(-SMA)-positive myofibroblast-like cells, secreting a large amount of extracellular ma-
trix components and remodeling the matrix of pancreatic tissue [18]. Matthew et al. [19]
reported that the fibroblast subpopulations exist in both normal pancreas and pancreatic
tumors in KC (Ptfla-Cre; LSL-Kras G12D) mice, and these fibroblast subpopulations display
characteristics of mesenchymal stem cells (MSCs), which can differentiate into chondrocytes,
adipocytes, and osteoblasts. This would promote tumor growth by inducing the polar-
ization of macrophages to pro-cancer subtypes. Huang et al. [20] found mesothelial cells
could transform into antigen-presenting CAFs (apCAFs) by downregulating mesothelial
characteristics and acquiring fibroblast characteristics under the induction of interleukin-1
and transforming growth factor 3 (TGF-f3). The apCAFs can directly ligate and convert the
naive CD4+ T cells into regulatory T cells in an antigen-specific way. Miyazaki et al. [21]
found that the adipose-derived mesenchymal stem cells (AD-MSCs) could transform into
variant CAF subtypes under different co-culture conditions in vitro. When co-cultured
with PDAC Capan-1 cells directly, AD-MSCs could transform into myofibroblast CAFs
(myCAFs) and inflammatory CAFs (iCAFs), while indirect co-culture induced differentia-
tion into only iCAFs. Waghray et al. [22] identified and characterized cancer-associated
MSC (CA-MSC) subpopulations from human PDAC samples and CAFs, highlighting the
heterogeneity of fibroblast subpopulations in PDAC. CA-MSCs can significantly enhance
the proliferation, invasion, and metastatic potential of PDAC cells by secreting granulocyte-
macrophage colony-stimulating factor (GM-CSF). CAFs will then differentiate into different
subtypes with similar characteristics to their origin cells, according to the various cell
origins and culture conditions. Hence, CAFs in human PDAC show great heterogeneity
and exert different functions.

2.2. Roles of Activated CAFs in the PDAC Microenvironment

The activated CAFs can express various proteins including «-SMA, fibroblast ac-
tivation protein (FAP), fibroblast-specific protein 1 (FSP-1), podoplanin (PDPN), and
PDGER [16,23]. Some of these proteins were used as typing markers to classify CAFs
into different subtypes, which might exert anti-cancer or pro-cancer roles in PDAC. CAFs
with high expression of x-SMA were named myCAFs, whereas CAFs with low «-SMA
levels that secrete inflammatory cytokines such as IL-6 and leukemia inhibitory factor
(LIF) were defined as iCAF [24]. McAndrews et al. [25] found that depletion of FAP+
CAFs resulted in a survival benefit, while depletion of «-SMA+ CAFs caused increased
mortality in mouse models of PDAC. The oncogenic FAP+ CAFs and anti-tumor «-SMA+
CAFs were proved to regulate cancer-related pathways and regulatory T cells via different
mechanisms. Elyada et al. [26] identified a subtype of apCAFs with MHCII expression and
antigen-presenting capability in KPC PDAC mice, which could present the model antigen
to the CD4+ T cells, decrease the CD8+T/Treg ratio, and contribute to immune suppression
in the TME. The apCAFs could also transform into myCAFs under appropriate culture
conditions, which implied that CAFs were in a dynamic cell state. Lin et al. [27] confirmed
the presence of three CAF subtypes (myCAF, iCAF, and apCAF) in human PDAC tissues
by single-cell transcriptomic technology. The subtype of CAFs with high Meflin expression
was reported to correlate with a favorable outcome in both mouse models or patients with
PDAC, and deficiency or low expression of Meflin resulted in straightened stromal collagen
fibers, indicating that Meflin was a marker of cancer-restraining CAFs that suppressed the
progression of PDAC [28]. Chen et al. [29] identified a subset of complement-secreting
CAFs (csCAFs) which were located in the tissue stroma adjacent to tumor cells only in early
PDAC and specifically expressed complement system components.
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PSCs were found to produce myeloid-derived suppressor cell (MDSC)-promoting
cytokines (interleukins, IL-6; VEGF; macrophage colony-stimulating factor, M-CSF) and
chemokines (SDF-1, MCP-1) to promote differentiation of immune cells into the functional
MDSC phenotypes to prevent innate or adaptive immune responses against cancer cells,
among which IL-6 was the key factor contributing to STAT3 signaling and MDSC differen-
tiation [30]. CAFs were also reported to upregulate the expression of immune checkpoints
PD-1, cytotoxic lymphocyte-associated antigen-4 (CTLA-4), T-cell immunoglobulin, mucin-
domain containing-3 (TIM-3), and lymphocyte-activation gene-3 (LAG-3) in both CD4+
and CD8+ T cells, thereby inhibiting the proliferation of T cells and diminishing immune
function in PDAC [31].

The specific mechanisms by which CAFs regulate tumor progression have not yet
been fully clarified. More and more evidence has shown that the activation mechanisms of
different CAF subtypes varied widely, and the dominant subtype of CAFs could dynami-
cally change in response to different biological signals in the TME of PDAC or different
in vitro culture conditions [21,32]. Along with the understanding of the differentiation
and regulational mechanism of CAFs and their effect on tumor cells in the TME of PDAC,
novel therapeutic drugs targeting CAFs modulation may be developed to transform the
tumor-promoting microenvironment into a tumor-suppressing microenvironment, thereby
increasing the sensitivity of immunotherapy.

3. Regulatory Mechanism of CAFs Differentiation and Activation in PDAC

In a healthy pancreas, fibroblasts exist mainly in a quiescent state. During the progress
of carcinogenesis, quiescent fibroblasts transform into active CAFs through the activation of
distinct signaling pathways with the participation of miRNAs, cytokines, paracrine lactate,
and growth factors secreted by tumor cells (Figure 1).

3.1. Tumor Cells Promote the Differentiation and Activation of CAFs

Tumor cells can secrete connective tissue growth factor (CTGF) to promote the activa-
tion, proliferation, migration, and adhesion of PSCs and fibroproliferation [33]. Biffi et al. [34]
found that PDAC cells could secrete IL1« to activate PSCs and promote the formation of
iCAFs by activating the IL1/JAK/STAT signaling pathway, and tumor cells could also
increase the expression of inflammatory cytokines and chemokines like IL1a, IL6, and
LIF in iCAFs, which promoted cancer progression and formed an immunosuppressive
microenvironment. Moreover, PDAC cells secreted TGFf(3 to upregulate the expression
of ®-SMA in PSCs, and thus transformed the quiescent PSCs to myCAF, promoting the
formation of a dense extracellular matrix [34]. The presence of oncogenic KRAS mutation
was also reported to be involved in the activation of CAFs and to regulate tumor cell
signaling via stromal cells [35]. Awaji [36] found that KRAS mutation could promote the
secretion of paracrine factors such as IL4, IL10, and IL13 in tumor cells and simultane-
ously activate CXCR?2 signaling in CAFs, resulting in the formation of a secreted CAF
phenotype by activating NF-«B signaling and promoting tumor progression. The paracrine
lactate secreted by PDAC cells could increase alpha-ketoglutarate (aKG) production in
MSCs, which decreased cytosine methylation and increased hydroxymethylation during
the differentiation of MSCs into CAFs by mediating the activation of the demethylase
enzyme ten-eleven translocation (TET) [37]. Additionally, the reactive oxygen species (ROS)
associated with the hypoxic TME of PDAC could also promote the activation of PSCs by
stabilizing HIF-1 and increasing the expression of GLI1 [38].

3.2. Aberrant Expression of miRNAs Was Involved in the Activation of CAFs

Studies have revealed that the aberrant expression of miRNAs in PDAC played impor-
tant roles in the activation of CAFs in the TME. Xu et al. [39] reported that miR-200a could
attenuate the activation of PSC induced by TGF-f31 and inhibit ECM formation through the
PTEN/Akt/mTOR pathway. Inhibition of miR-199a-3p and miR-214-3p was found to be
involved in the de-differentiation of CAFs which could reduce the differentiation of PSCs
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into myofibroblasts [40]. Chu et al. indicated that the overexpression of miR-224 in pancre-
atic fibroblasts can significantly increase their proliferation, migration, and invasion ability,
thus promoting the activation of CAFs [41]. Overexpression of miR-21 contributed to the
activation of CAFs by regulating the PDCD4 gene and increased the invasion ability of
PDAC cells by stimulating the secretion of MMP-3, MMP-9, CCL-7, and PDGF in CAFs [42].
In a mouse model of alcoholic chronic pancreatitis (CP), Charrier et al. [43] reported that
the expression of miR-21 was significantly elevated in activated PSCs, which promoted
the expression of connective tissue growth factor (CCN2), and a positive feedback loop
between miR-21 and CCN2 was found to increase the expression of collagen and the activa-
tion of quiescent PSCs. MiR-301a was also involved in the activation of PSCs by inhibiting
Gadd45g expression and promoting STAT3 activation during the pancreatic intraepithelial
neoplasia lesion formation [44].

3.3. Exosomal miRNAs Promote the Activation of CAFs in TME of PDAC

The specifically enriched miRNAs in the exosomes play vital roles as messengers of
cell-to-cell interaction in the TME (Figure 1). Pang et al. [45] reported that PDAC cells
delivered miR-155 into fibroblasts via exosomes, which could inhibit the expression of the
target gene TP53INP1 and reprogram the quiescent fibroblasts into CAFs. MiR-1246 and
miR-1290 were highly enriched in PDAC cell-derived exosomes, which could be transferred
into PSCs to induce the activation of PSCs and the occurrence of pro-fibrosis, including
proliferation, migration, collagen production, and expression of x-SMA [46].

In summary, the activation of CAFs is essential to form the immunosuppressive TME
in PDAC. In the process of carcinogenesis, the differentiation and activation of CAFs was
modulated by complex mechanisms, among which exosomal miRNAs derived from tumor
cells play important roles, although the specific mechanism remains to be further studied.

4. Exosomal miRNAs Derived from CAFs Regulate the Malignant Phenotype of
PDAC Cells

Different subtypes of CAFs are functionally heterogeneous and play different roles
in cancer development [28]. CAF-derived exosomes have been reported to be involved in
regulating the malignant behavior of PDAC cells, among which the abnormally expressed
miRNAs secreted by CAFs play the important role of either pro-tumor or anti-tumor
executors by targeting downstream genes (Figure 1).

4.1. CAF-Derived Exosomal miRNAs Could Promote PDAC Progression

In 2017, Richards and colleagues [7] found that gemcitabine could significantly stim-
ulate CAFs to secrete more exosomes, of which miR-146a was highly enriched, thus pro-
moting PDAC proliferation and gemcitabine resistance. Likewise, Fang et al. [47] also
reported that CAF-derived exosomal miR-106b could increase the resistance of PDAC cells
to gemcitabine by targeting TP53INP1. CAF-derived exosomal miRNAs could also promote
the proliferation and metastasis of PDAC. Li et al. [8] found that PSC-derived exosomal
miR-5703 could target CKLF-like MARVEL transmembrane domain 4 (CMTM4) to inhibit
its expression in PDAC cells, thus upregulating p21-activated kinase 4 (PAK4) expression
and activating the PI3K/ Akt pathway, promoting cancer cell proliferation. PSC-derived
exosomes were also found to specifically enrich miR-21-5p and miR-451a, to promote the
proliferation, invasion, and metastasis of PDAC cells [48]. Cao et al. [49] reported that a hy-
poxic TME could upregulate the expression of miR-4465 and miR-616-3p in PSC exosomes,
which promoted PDAC progression and metastasis by inhibiting PTEN and activating the
AKT pathway. Ali and colleagues [50] found that both PSC-derived exosomal miR-21 and
CAF-derived exosomal miR-221 could promote the proliferation, migration, and invasion
of PDAC cells, and miR-221 was associated with promoting KRAS and NF-«B. The active
CAFs in TME secrete exosomal miRNAs to promote PDAC progression, meanwhile tumor
cells constantly retain the activation of CAFs, thus forming a feedback loop that is favorable
for tumor progression.
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4.2. CAFs Secrete Exosomal miRNASs to Inhibit PDAC Progression

In addition to the pro-oncogenic role of CAFs in the TME, some studies also confirmed
the anti-tumor effect of CAFs in PDAC, and exosomal miRNAs were the key mediators of in-
tercellular crosstalk. Stroma-derived extracellular vesicles could deliver tumor-suppressive
miR-145 to induce apoptosis and inhibit the proliferation of PDAC cells [51]. Human
MSC-derived exosomal miR-143-3p was reported to promote PDAC apoptosis and inhibit
proliferation, invasion, and migration of PDAC both in vitro and in vivo [52]. In addition,
overexpression of circRNA-0030167 in MSC exosomes was reported to inhibit miR-338-
5p expression, promote the expression of WNT inhibitory factor 1 (WIF1), and inhibit
the WNT8/ 3-catenin pathway, thereby inhibiting the stemness and tumor progression of
PDAC [53]. Exosomal miR-1231 from bone marrow-derived mesenchymal stem cells was
also found to inhibit the proliferation, migration, invasion, and adhesion of PDAC cells [54].

The CAFs in the TME of PDAC play paradoxical roles, indicating the cell competition
feature and negative feedback loop to maintain the relatively stable proliferation state of the
tumor. Targeting this internal mechanism of TME to amplify the tumor-suppressing effect
of CAFs may provide a promising novel anti-tumor strategy. However, further studies are
necessary to identify the exact function of each CAF subtype and to fully understand the
mechanism of intercellular crosstalk inside the TME of PDAC.

5. The Current Application of TME-Related Exosomal miRNAs in the Diagnosis and
Treatment of PDAC

The aberrant expression of exosomal miRNAs could not only regulate the interaction
between tumor cells and CAFs, but also participate in the formation of the immunosuppres-
sive microenvironment of PDAC. Moreover, exosomal miRNAs are also involved in the
progression of PDAC-related inflammatory or metabolic disorders, like CP and diabetes
mellitus [55,56]. Despite their functional complexity, some studies have demonstrated
the possibility of the application of TME-related exosomal miRNAs in the diagnosis and
treatment of PDAC.

5.1. The Diagnostic Application of TME-Related Exosomal miRNAs in PDAC

MiRNAs are specifically enriched in exosomes due to the strict sorting mechanism
and protective effects of exosomes for miRNAs from degradation by RNases. Therefore,
semiquantitative and quantitative detection of specific exosomal miRNAs from blood or
other body fluids is considered as a promising method of liquid biopsy. The TME-related
exosomal miRNAs from peripheral blood, portal blood, saliva, or pancreatic juice that
have been reported to serve as diagnostic biomarkers of PDAC are summarized in Table 1.
In 2016, Machida et al. [57] reported that miR1246 and miR4644 in salivary exosome
were potential biomarkers for pancreatobiliary tract cancer, which could differentiate
pancreaticobiliary tract cancer patients (1 = 12) from healthy controls (n = 13), with a
diagnostic sensitivity of 83.3% and specificity of 92.3%, and the area under the curve
(AUC) = 0.833. Likewise, plasma exosome miR-196a and miR-1246 were reported as
potential indicators for localized PDAC [58]. Lai et al. [59] found that a miRNA signature
with high levels of exosomal miR-10b, miR-21, miR-30c, and miR-181a and low exosomal
miR-let7a was superior to exosomal glypican-1 or plasma CA 19-9 for diagnosing PDAC
and differentiating between PDAC and CP. In addition, an elevated expression of serum
exosomal miR-191, miR-21, and miR-451a of PDAC was also considered to be an efficient
diagnostic marker [60]. Wu et al. [61] reported that the combination of CA19-9 with
exosomal miRNA-21 or exosomal miRNA-210 could significantly improve the diagnostic
sensitivity and specificity, indicating that combination of multiple exosomal miRNAs or
exosomal miRNAs with proteins could further improve the diagnostic efficiency. Recently,
Li et al. [8] reported that exosomal miR-5703 in the peripheral blood of PDAC patients
(n = 23) was significantly higher than that in healthy controls (n = 17). Serum exosomal
miR-451a could also effectively differentiate PDAC (n = 8) from healthy controls (n = 8),
with a dignostic sensitivity of 80.10%, specificity of 86.67%, and AUC = 0.896 [62]. In
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2019, Kawamura et al. [63] reported that exosomal miR-4525, miR-451a, and miR-21 in
portal vein blood was a significantly more sensitive liquid biomarker for the diagnosis and
differentiation of PDAC, indicating that exosomal miRNAs in portal vein blood were more
valuable than peripheral blood. Nakamura et al. [64] detected exosomal miR-21 and miR-
155 in the pancreatic juice samples of 27 PDAC and 8 CP patients, and found that the levels
of both exosomal miR-21 and miR-155 (but not the levels in whole pancreatic juice) were
significantly higher in PDAC patients compared with CP patients and could discriminate
PDAC patients from CP patients with AUC values of 0.90 and 0.89, respectively. Moreover,
the combination of exosomal miR profiling with pancreatic juice cytology could improve
the diagnostic accuracy of PDAC to 91% [64]. On the other hand, Que et al. [65] found
that the expression of exosomal miR-155 in the serum of PDAC patients was significantly
decreased, suggesting that exosomal miRNAs might be distributed differently in variant
body fluids.

Table 1. The aberrant expression and distribution of TME-related exosomal miRNAs in PDAC.

Exosomal miRNA Expression Portal Vein Plasma or Serum Pancreatic Juice Saliva
miR-1246 Upregulation [57,58] [57]
miR-5703 Upregulation [8]
miR-451a Upregulation [63] [60,62]

miR-21 Upregulation [63] [59,61] [65,66]
miR-221 Upregulation [67]
miR-1231 Downregulation [68]
. Upregulation
miR-155 Downregulation [65] [64]

It should be noted that there has been no research specifically targeting TME-related
exosomal miRNAs as diagnostic tools of pancreatic cancer, and the exact cellular origin
of these exosomal miRNAs was unclear. Moreover, some of these exosomal miRNAs
(for example, miR21 [69]) were also correlated with inflammatory or metabolic diseases,
resulting in the possibility of inaccuracy for the diagnosis of pancreatic cancer. All these
issues indicate that the diagnostic application of TME-related exosomal miRNAs in human
PDAC is still far away:.

5.2. The Application Prospect of Exosome-Delivered miRNAs in Treatment of PDAC

MiRNAs have important roles in the regulation of gene expression and TME. Nucleic
acid drugs include antisense oligonucleotides, small interfering RNAs, miRNAs, aptamers,
decoys, and CpG oligodeoxynucleotides, which might be used to achieve precise therapy
for human cancers. Xie et al. [70] constructed a local delivery system for the combination
of triple miR-210/siKRASG12D nanotherapy based on cholesterol-modified polymeric
CXCR4 antagonist, which could specifically kill tumor cells (induced by siKRASG12D),
inactivate PSCs (induced by miR-210), and block the cancer-stroma interaction (induced by
CXCR4 antagonist), resulting in modulating the dense tumor microenvironment, promot-
ing the infiltration of cytotoxic T cells, and inhibiting PDAC progression. Gilles et al. [71]
designed the targeted nanoparticles iRGD-TPN-21, which delivered anti-miR-21 to inhibit
the progression of PDAC. These miRNAs-based nucleic acid drugs have been proved to
be promising for PDAC treatment. However, due to the widespread presence of nucle-
ases, nanoparticles are easily degraded and have poor targeting properties, resulting in
low bioavailability.

The exosome membrane can effectively protect miRNAs from degradation by nucle-
ases. Exosomes from human umbilical cord MSC could deliver exogenous miR-145-5p to
specifically downregulate the expression of Smad3, thereby inhibiting the proliferation and
invasion, and promoting apoptosis of PDAC cells [72]. Zuo et al. [73] encapsulated the
miR-34a into HEK293 cell-derived exosomes by sonication, and found that the synthesized
exosomal miR-34a can be taken up by tumor cells and downregulate the expression of
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the target gene Bcl-2 in PDAC cells, both in vitro and in vivo. In 2016, Su et al. [74] used
synthetic hyaluronic acid-poly (ethylene imine) and hyaluronic acid-poly (ethylene glycol)
self-assembled nanoparticles to encapsulate and deliver plasmid DNA expressing miR-155
and miR-125b into Panc-1 cells, and these miR-155 and miR-125b enriched exosomes could
promote macrophage reprogramming from M2 phenotype to M1 phenotype in the TME of
PDAC [75]. The application of exosome-delivered miRNAs in the treatment of PDAC has
shown promising prospects, but there are still great challenges in the clinical translation.

6. Conclusions and Prospects

TME is a highly complex, heterocellular ecosystem, consisting of tumor cells and the
surrounding blood vessels, immunocytes, CAFs, and extracellular matrix. Exosomes are
essential to conduct substance exchange, energy flow, and signal transmission between
different cell components in the TME. The differentiation and activation of CAFs is an
important event in the development of PDAC, and this process is regulated by tumor
cells, partly through exosomal miRNAs. In turn, the CAFs in the TME also influence
the tumor cells via either pro- or anti-tumor effects, resulting in a relatively stable state
that promotes tumor progression. The regulational mechanism of this crosstalk process,
of which exosomal miRNAs are only a small part, remains far from fully understood.
Currently, there are few studies focusing on the mechanism of exosomal miRNAs in the
regulation of CAF differentiation, and the specific exosomal miRNAs secreted by particular
subtypes of CAFs to promote or suppress tumor progression still need to be further studied.
In conclusion, the investigation of exosomal miRNAs that are involved in the interaction
between tumor cells and different CAF subtypes and their regulatory mechanisms will have
broad application prospects, not only in tumor liquid biopsy, but also in novel targeted
therapy strategies for PDAC.
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