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Micro-RNA-21 Regulates Cancer-Associated Fibroblast-Mediated
Drug Resistance in Pancreatic Cancer
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Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer deaths due to its highly
aggressive biological nature and resistance to chemotherapy. Previous studies indicate that miR-21 is an impor-
tant regulator in the activation of cancer-associated fibroblasts (CAFs). However, whether miR-21 in CAFs
would regulate PDAC’s tumor microenvironment and lead to drug resistance remain unknown. In this study,
we evaluated the relationship between CAF activation, miR-21 expression, and drug resistance using tumor
samples from PDAC patients. We changed the miR-21 expression level in CAFs and tested its roles in regulat-
ing the function of CAFs. In addition, we explored the roles of miR-21 in CAFs in the development of PDAC
using an animal model. We found that PDAC patients who were resistant to gemcitabine treatment tended
to have higher miR-21 expression and more activated CAFs. An in vitro study showed that CAFs with high
miR-21 expression had elevated MMP-3, MMP-9, PDGF, and CCL-7 expression and promoted the invasion of
PDAC cell lines. miR-21 overexpression also contributed to the activation of CAFs by regulating the PDCD4
gene. The in vivo study showed that upregulating miR-21 in CAFs promoted PDAC desmoplasia and increased
its drug resistance to gemcitabine treatment, but downregulating miR-21 in CAFs suppressed desmoplasia and
enhanced the effect of gemcitabine. We concluded that miR-21 promoted the activation of CAFs and contrib-
uted to the drug resistance of PDAC.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one
of the leading causes of cancer deaths due to its highly
aggressive biological nature and resistance to chemo-
therapy!=. Surgery is still the only way to cure PDAC;
however, only a small proportion of patients are eligible
for surgery**. The current treatment of PDAC largely
relies on comprehensive strategies using gemcitabine-
based chemotherapy*®. However, a large number of
PDAC patients are not sensitive to the current chemo-
therapy. Therefore, overcoming drug resistance is critical
to improving the outcome for PDAC patients.

It is becoming clear that the stromal tissue in PDAC
is not a bystander in disease progression®. Cancer—stroma
interactions affect tumorigenesis, angiogenesis, therapy
resistance, and, possibly, the metastatic spread of PDAC
tumor cells®®. Fibroblasts and myofibroblasts [also known
as cancer-associated fibroblasts (CAFs) in tumors] are
the major cell types in various human tumor stroma’.
CAFs modulate the stroma via direct cell—cell contacts

or secretion of a range of phenotypic and functional
proteins®!°. Studies have shown that chemotherapies that
could disrupt the tumor stroma of PDAC have a better
response in PDAC preclinical models!!. However, the
mechanisms by which CAFs are activated in PDAC
tumor tissues, and therefore induce drug resistance, are
not clear. Micro-RNAs (miRs) are a class of endogenous,
20- to 22-nucleotide-long, noncoding single-stranded RNA
molecules. miRs negatively regulate gene expression
through mRNA degradation and/or translational inhibi-
tion of their targeted genes. The role of multiple miRs
in PDAC tumor cells has been well studied; however,
their function in regulating stromal cell functions is
unclear!*. miR-21 in PDAC has been investigated
and identified as a predictor of poor survival'2. Previous
studies indicate that miR-21 in fibroblasts is an impor-
tant regulator of their activation in transforming growth
factor-B (TGF-B) induction'. However, whether miR-21
in CAFs would regulate PDAC’s tumor microenviron-
ment and lead to drug resistance remains unknown.
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In the current study, we focused on the function of
miR-21 in the CAFs of PDAC. Our study identified one
activation mechanism of CAFs in PDAC that is medi-
ated by miR-21 expression in CAFs. More importantly,
our results further contribute to the current knowledge
on drug resistance of PDAC, which might not only be
involved in mutations and phenotypes of cancer cells but
also related to abnormal pathways in CAFs, which will
stimulate tumor-promoting tumor—stroma interactions.

MATERIALS AND METHODS
Cell Isolation and Culture

Human CAFs were isolated from the pancreatic cancer
tissue of patients, and mouse CAFs were isolated from
the tumor tissue of a subcutaneous Panc02 mouse model
according to the method of Sharon and colleagues'®.
Briefly, the tissues were cut into 2- to 3-mm pieces within
a small amount of phosphate-buffered saline (PBS) on
ice. The small fragments were then dissociated with a
collagenase solution. The reaction was stopped by add-
ing cold DMEM +10% fetal bovine serum (FBS). The
single-cell suspension was then used to isolate CAFs by
fluorescence-activated cell sorting (FACS). MIA Paca-2
cells were purchased from the ATCC (Manassas, VA,
USA). Panc02 cell lines were purchased from the Cell
Resource Center of the Chinese Academy of Sciences
(Shanghai, P.R. China). MIA Paca-2 cells and CAFs were
cultured in DMEM, and Panc02 cells were cultured in
RPMI-1640 medium. Both kinds of medium were supple-
mented with 100 U/ml of penicillin, 100 ug/ml of strep-
tomycin, 2 mM L-glutamine, and 10% heat-inactivated
FBS. All cells were cultured within a humidified incuba-
tor at 37°C with 5% CO,. Cells were subcultured when
they reached 80%—100% confluence.

Cell Invasion Assay

Costar Transwell 24-well plates (Sigma-Aldrich,
St. Louis, MO, USA) were used to perform the cell inva-
sion assay following the manufacturer’s instructions.
Briefly, human CAFs or murine CAFs (1x 10%/well) were
seeded into the lower chambers, and Transwell inserts
were placed into the upper chambers. A suspension of
MIA Paca-2 or Panc02 tumor cells (1x10%/well) was
then added. The cells were cultured in complete medium
for 12 h in a humidified incubator at 37°C with 5% CO.,.
Apical inserts were then washed with a wash buffer, and
crystal violet stain solution was added to the inserts and
incubated for 10 min. The inserts were then observed
under a microscope.

Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA was performed to measure the protein levels
of matrix metalloproteinase-3 (MMP-3), MMP-9, chemo-
kine (C-C motif) ligand 7 (CCL-7), and platelet-derived

ZHANG ET AL.

growth factor (PDGF) of the CAFs after various trans-
fections. The ELISA kit was purchased from Abcam
(Cambridge, MA, USA), and the manufacturer’s instruc-
tions were followed.

Patient Samples

A total of 40 PDAC patients were included in this study.
We collected the formalin-fixed, paraffin-embedded (FFPE)
PDAC tumor tissues from these patients to evaluate the
miR-21 level and the number of CAFs. These patients
were diagnosed between January 2008 and December
2011 at The First Affiliated Hospital of Henan University
of Science and Technology. All tissues were obtained dur-
ing surgery before the patients had either chemotherapy or
radiotherapy. This study was approved by the local ethics
committee of The First Affiliated Hospital of Henan
University of Science and Technology. Written informed
consent was signed by each patient.

Histology and Immunostaining

Immunofluorescence (IF) staining was performed to
evaluate the a-SMA expression of the tumor tissues of
PDAC patients and the tumor tissue from a PDAC xeno-
graft mouse model. Standard procedures for IF were
followed. A primary antibody of o-SMA (Abcam) was
diluted 1:100 and incubated with the tissue samples at
4°C overnight. A secondary antibody was added to the
samples and incubated for 1 h at room temperature. The
sections were then stained with DAPI for 1 min. Sections
were observed under a fluorescence microscope.

Sirius red staining was conducted to evaluate the
collagen expression of the tumor tissue from the PDAC
xenograft mouse model. Sections were deparaffinized
and rehydrated, followed by staining with Picrosirius
red for 1 h and washing with acidified water twice. The
sections were then dehydrated in three changes of 100%
ethanol and cleared with xylene. Finally, the sections
were mounted in resinous medium and observed under
a microscope with a bright field. The scoring for both
a-SMA and collagen was based on the principle: 4 for
>80% positive cells, 3 for 55%—-80% positive cells, 2 for
30%—-55% positive cells, and 1 for <30% positive cells.

gRT-PCR

Total RNA was extracted from cells using a mirVana
miRNA Isolation Kit. RNA was reverse transcribed using
a miScript Reverse Transcription Kit (Qiagen, Hilden,
Germany). Quantification was performed with SYBR
Green (Qiagen, Valencia, CA, USA). Each sample was
analyzed in triplicate using the LightCycler® 480 System
(Roche Life Science, Indianapolis, IN, USA). The com-
parative threshold cycle (CT) method was used to deter-
mine relative gene expression. 18S rRNA was chosen as
an internal control for both mRNA and miRNA.



miR-21 IN CAFs OF PDAC

Animal Model

A PDAC xenograft mouse model was established
using the Panc02 cell line, murine CAFs, and C57BL/6
mice (Panc02/CAFs= 1:5). A total of 50 female C57BL/6
mice (19-21 g; 6 weeks old; Beijing Weitong Lihua
Experimental Animal Technology Co. Ltd., PR. China)
were randomly divided into five groups (10 per group)
to accept subcutaneous injections with Panc02 cells and
CAFs (the ratio is 1:5, the total cell number was 3 x 10°).
Five different types of CAFs were used: CAFs transfected
by 1) miR-21 mimic, 2) miR-21 inhibitor, 3) miR-21 mimic
scramble, 4) miR-21 inhibitor scramble, and 5) wide-type
CAFs that did not accept RNA transfection. Gemcitabine
treatment started 1 week after the injections. All mice
were raised in a clean environment at 37°C with free
access to standard food and water. Survival status and
tumor volume (length X width?x 1t/6) were recorded.

Transfection of the miRNA Mimic, miRNA Inhibitor,
and siRNA

The miR-21 inhibitor, miR-21 mimic, miR-21-inhibitor
scramble, miR-21 mimic scramble RNA, and siRNA of
PDCD4 were designed and purchased from Thermo Fisher
Scientific (Waltham, MA, USA). CAFs were transfected
with 50 nM miR-21 inhibitor or 5 nM miR-21 mimic using
a Lipofectamine 3000 transfection reagent (Thermo Fisher
Scientific). Twenty-four hours after successful transfec-
tion, the CAFs were incubated in complete medium with
or without TGF or gemcitabine (1 uM for 24 h).

Statistical Analysis

Statistical analysis and data visualization were per-
formed using the GraphPad Prism software (GraphPad
Software, La Jolla, CA, USA) and the Tableau software
(Seattle, WA, USA). One-way ANOVA and Tukey’s mul-
tiple comparisons test were used to test the mean differ-
ence among experimental groups. The Kaplan—-Meier
method was used to determine survival analysis, and the
differences between survival curves were tested by the
log-rank test. All data in the plots were shown as means
and standard deviations. A two-tailed value of p<0.05
was considered to be a significant difference.

RESULTS

High Expression of miR-21 Correlates With the
Accumulation of CAFs and Gemcitabine Resistance
in PDAC

To investigate whether miR-21 actively regulates the
activation of fibroblasts in PDAC and leads to gemcit-
abine resistance, we first correlated the miR-21 expres-
sion level with the amount of CAFs and drug resistance
in clinical samples. Representative high and low CAF
cases are shown in Figure 1A and B. We evaluated PDAC
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patients based on miR-21 expression level, amount of
CAFs, and response to gemcitabine. Our data clearly
show that patients having a high miR-21 expression also
have a higher CAF number and a worse response to gem-
citabine (Fig. 1C). These data established the phenotype
that high miR-21 expression may lead to gemcitabine
resistance by regulating the function of CAFs.

miR-21 in CAFs, But Not in Cancer Cell Response
to Gemcitabine Treatment

As desmoplasia is a feature of PDAC, an effective
treatment should be able to deplete both cancer cells and
CAFs effectively. We further tested whether miR-21 in
tumor cells or CAFs can be regulated by gemcitabine
treatment. Both tumor cells and CAFs were treated with
gradient concentrations of gemcitabine to get half-maximal
inhibitory concentration (data not shown). The cells were
then treated with this concentration for 48 h. The expres-
sion of miR-21 in gemcitabine-treated cells and control
group cells (cells not treated) was measured. We found
that, in tumor cells, the expression of miR-21 did not
change much with gemcitabine treatment (Fig. 2A). How-
ever, in CAFs, the gemcitabine-treated cells showed
about four times the amount of miR-21 expression as the
control group cells (Fig. 2B).

miR-21 Regulates the Function of CAFs
and Thus Influences Cancer Cells

As our data indicated that miR-21 was upregulated in
gemcitabine-treated CAFs and might regulate drug resis-
tance, we further explored the potential mechanisms by
which miR-21 might regulate CAFs’ drug resistance and
thus promote tumor development. We found that CAFs
treated with the miR-21 mimic showed elevated MMP-3,
MMP-9, PDGEF, and CCL-7 secretion (Fig. 3A-D). How-
ever, CAFs treated with the miR-21 inhibitor showed
decreased MMP-3, MMP-9, PDGF, and CCL-7 (Fig. 3A-D).
The ability of tumor cells to invade was measured by the
Transwell chamber assay. The representative pictures are
shown in Figure 3E. Quantitative data of cells that invaded
indicated that CAFs treated with the miR-21 mimic sig-
nificantly promoted tumor cell invasion (Fig. 3F). Taken
together, our data support the hypothesis that upregulation
of miR-21 positively regulates the tumor-promoting role
of CAFs.

miR-21 Mediates Activation of CAFs via PDCD4

We further investigated the molecular mechanisms by
which miR-21 mediates the activation of CAFs by focusing
on the targets of miR-21. We found that PDCD4, one target
of miR-21, was significantly downregulated by miR-21
mimic transfection (Fig. 4C). TGF- was an important
activator of CAFs and was commonly used to induce the
activation CAFs in vitro. We treated the transfected CAFs
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Figure 1. The relationship between the number of cancer-associated fibroblasts (CAFs), miR-21 expression, and gemcitabine resis-
tance in pancreatic ductal adenocarcinoma (PDAC). (A, B) Representative pictures of high o-SMA expression and low a-SMA expres-
sion in human PDAC tissues, respectively [stained by immunofluorescence (IF)]. (C) Each case of human PDAC tissue sample was
evaluated by a-SMA, miR-21, and drug resistance to gemcitabine and plotted. Each star represents a PDAC patient. The scatterplot
shows that patients who were resistant to gemcitabine treatment tended to have a higher miR-21 expression and a lower o-SMA expres-
sion compared to patients who were sensitive to gemcitabine treatment (higher ACT value indicates lower miR-21 expression).
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Figure 2. miR-21 in CAFs was increased by gemcitabine treatment. (A) Two PDAC cell lines, MIA Paca-2 and Panc02, were treated
with gemcitabine, and the miR-21 within these cells was measured. There was no apparent difference in the amount of miR-21 between
the groups, whether they accepted gemcitabine or not. (B) Two kinds of CAFs, human CAFs (hCAFs) and murine CAFs (mCAFs),
were treated with gemcitabine. The CAFs treated with gemcitabine had over three times the amount of miR-21 as the untreated CAFs.
*p<0.05; **p<0.01.
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Figure 3. miR-21 regulates the function of CAFs and promotes PDAC invasion. In the different experiment groups, hCAFs and
mCAFs were transfected with various micro-RNAs (miR-21 mimic, miR-21miR inhibitor, scramble, or miR-21 mimic scramble).
Expression of matrix metalloproteinase-3 (MMP-3), MMP-9, chemokine (C-C motif) ligand 7 (CCL-7), and platelet-derived growth
factor (PDGF) was evaluated by enzyme-linked immunosorbent assay (ELISA). All data were normalized to the wide-type CAFs.
(A-D) MMP-3, MMP-9, CCL-7, and PDGF were significantly increased in the CAFs with increased miR-21, while their expression
was decreased in the CAFs with suppressed miR-21. (E) Representative pictures of the Transwell assay using the MIA Paca-2 and
Panc02 cell lines and CAFs with different levels of miR-21. (F) Quantified data of invaded tumor cells in the Transwell assay. The
groups with high miR-21 expression CAFs showed a highly increased number of invaded tumor cells, while the groups with low
miR-21 expression CAFs had a decreased number of invaded tumor cells. *p<0.05; **p<0.01; ***p<0.001.

with TGF-B and then evaluated o.-SMA expression. We CAF's With a High Expression of miR-21 Promote Drug
found that CAFs transfected with the miR-21 mimic had Resistance in the PDAC Mouse Model
a highly increased level of a-SMA (more than 2.5 times

that of the wide-type CAFs), while CAFs transfected The role that CAFs with a high expression of miR-21
with the miR-21 inhibitor had a significantly decreased play in promoting drug resistance was also tested in a
0-SMA (Fig. 4D). In the PDCD4-deficient CAFs, TGF- PDAC xenograft mouse model. The mice with wide-
treatment highly promoted a-SMA expression (Fig. 4E). type CAFs and CAFs transfected with RNS scrambles
In addition, CAFs that were transfected with both miR-21 did not respond effectively to gemcitabine treatment,
inhibitor and PDCD4 siRNA showed an increased level showing a rapid increase in tumor volume (Fig. 5A).
of 0-SMA (Fig. 4F). In summary, these data indicate that However, the tumor volume growth of mice with CAFs
miR-21 promotes the activation of CAFs by inhibiting transfected with the miR-21 inhibitor was significantly

the expression of PDCDA4. decreased (Fig. 5A). Mice with CAFs transfected with the
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Figure 4. miR-21 promoted the activation of CAFs by targeting PDCD4. PCDC4 and o-SMA expressions were measured in the
murine CAFs transfected with different micro-RNAs and treated with TGF-f. (A, B) Sequences of miR-21 used to transfect human
CAFs and murine CAFs, respectively. (C) PDCD4 expression was decreased in the CAFs with increased miR-21, but it was increased
in the CAFs with miR-21 inhibitors. (D) In contrast to PDCD4, a-SMA expression was decreased in the murine CAFs with low
miR-21 but was enhanced in the CAFs with high miR-21. (E) Murine CAFs transfected with PDCD4 siRNAs were treated with TGF-f3
to detect their activation by measuring a-SMA expression. The CAFs of the control groups were transfected with scrambled siRNA
and treated with complete medium. The CAFs with PDCD4 deficiency had an increased a-SMA expression. (F) CAFs with the miR-21
inhibitor and PDCD4 deficiency showed an increased 0.-SMA compared with the CAFs with the miR-21 inhibitor alone. *p <0.05;

#kp<0.01; #+%p<0.001.

miR-21 mimic showed very aggressive growth (Fig. SA).
Consistently, the survival analysis of these mice showed
that mice with the miR-21 inhibitor-transfected CAFs
had the longest survival time compared with the control
groups and the mice with CAFs having a high miR-21
expression (Fig. 5B). These data confirm the role of
CAFs with a high expression of miR-21 in promoting
drug resistance in an in vivo model.

CAF's With a High Expression of miR-21 Promote
Desmoplasia in the PDAC Mouse Model

The in vitro data clearly indicated that miR-21 posi-
tively regulates the activation of CAFs and promotes

tumor cell invasion. Therefore, we analyzed the degree
of desmoplasia in tumor tissues derived from our xeno-
graft model. We detected the amount of collagen within
tumor tissues (Fig. 6A—C). The tumors with CAFs hav-
ing a high expression of miR-21 tended to have a higher
degree of desmoplasia than tumors with CAFs having a
low miR-21 expression. The quantified data also con-
firmed that the mice injected with the miR-21 inhibitor-
transfected CAFs had a decreased level of collagen, and
mice injected with miR-21 mimic-transfected CAFs had
an increased level of collagen compared to the control
groups (Fig. 6D). We observed various levels of o-SMA
in these tumor tissues (Fig. 6E-G). Tumors with high-
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Figure 5. miR-21 in CAFs regulates drug resistance to gemcitabine in a PDAC mouse model. A PDAC mouse model was established
with Panc02 cell lines and CAFs with various levels of miR-21 and accepted gemcitabine treatment after 1 week of implantation.
(A) Increase in tumor volume over time after implantation. The mice with CAFs having the miR-21 mimic grew the fastest, while the
mice with CAFs having the miR-21 inhibitor grew the slowest. (B) Survival curves of the mice with CAFS having different levels of
miR-21. Consistent with tumor volume growth, the mice with high miR-21 expression CAFs had the shortest survival time, and the
mice with low miR-21 expression CAFs had the longest survival time.

miR-21 CAFs had a much higher level of a-SMA than
tumors with low-miR-21 CAFs (Fig. 6H). These data fur-
ther confirmed that miR-21 could promote the activation
of CAFs and desmoplasia of PDAC.

DISCUSSION

Interactions between tumor cells and the surround-
ing tumor stroma cells are critical in determining tumor
aggressiveness. Features of the tumor stroma are prog-
nostic markers for various cancers, including pancreatic
cancer®!718, Previous studies indicate that targeting the
tumor-promoting stroma of PDAC significantly enhanced
the efficacy of chemotherapy in preclinical mouse models'*%,
However, mechanisms that lead to tumor-promoting stroma
remain poorly understood in PDAC. In the current study,
we found that miR-21, a micro-RNA that is highly expressed
in certain PDAC patients, drove the activation of CAFs, thus
promoting chemoresistance in PDAC.

miR-21 is the most consistently upregulated micro-
RNA in many cancer types including PDAC, in which
it predicts poor survival'2. The tumor-promoting function

of miR-21 lies in its ability to regulate multiple cancer-
associated pathways®'?2. It was shown that miR-21 can
inhibit the expression of significant tumorigenic or tumor
suppressor genes, including phosphatase and tensin homo-
log (PTEN), PDCD4, tropomyosin 1 (TPM1), and mas-
pin?~2. Interestingly, previous studies also reported that
miR-21 was abnormally regulated in stroma cells, espe-
cially fibroblasts?*2¢, This feature arouses special interest
in PDAC as the tumor stroma has a critical role in pro-
moting PDAC development. In our study, we found that
a high number of CAFs in PDAC tissues is correlated
with drug resistance. More importantly, we showed that
miR-21 was abnormally expressed in response to gemcit-
abine treatment in CAFs, but not in tumor cells. Together
with the previous reports, our findings further confirm the
tumor-promoting role of miR-21 in PDAC, and this may
be due to its ability to regulate drug resistance.

We further investigated the mechanisms that lead to
the miR-21-regulated, CAF-mediated drug resistance in
PDAC. By modulating the expression level of miR-21
in both human and mouse CAFs, we found that a high
expression of miR-21 in CAFs significantly upregulated
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Figure 6. Desmoplasia in the PDAC mouse model. Collagen amount and o-SMA expression of the tumor tissues from the PDAC
mouse model were detected by Sirius red staining and IF staining, respectively. (A—C) Representative pictures showing high, medium,
and low levels of collagen within the tumor tissues, respectively. (D) Quantified data showing the amount of collagen in the tumor
tissues. Tumor tissues derived from mice with high miR-21 expression CAFs showed the highest amount of collagen, and the tumor
tissue of mice with low miR-21 expression CAFs had the lowest amount of collagen. (E-G) Representative pictures showing high,
medium, and low levels of a-SMA within the tumor tissues, respectively. (H) Tumor tissues from the mice with high miR-21 expres-
sion CAFs had the highest o-SMA expression, and tumor tissues from the mice with low miR-21 expression CAFs had the lowest

a-SMA expression. *p<0.05; *¥p<0.01; ***p<0.001; ****p<0.0001.

invasion and tumor cell growth-related factor secretion
in CAFs. This significantly increased the ability of tumor
cells to invade when cocultured together. Targeting pre-
diction analysis revealed that PDCD4 is an miR-21 tar-
get gene. Previous studies found that PDCD4 was also
expressed in vascular smooth muscle cells, where it
acts as a negative regulator of smooth muscle contrac-
tile genes?’?. Here we found that miR-21 suppresses the
expression of PDCD4 in CAFs; therefore, it increases the
expression of a-SMA in response to TGF- treatment.
These findings are also correlated with a previous report
using a different line of CAFs.

To enhance the translational significance of our find-
ings, we further verified the role of CAFs’ miR-21 in
promoting drug resistance in a PDAC preclinical animal
model. Our results clearly show that gemcitabine treat-
ment could control the growth of tumors with CAFs
having a low expression of miR-21. However, it failed
to slow down growth of tumors having CAFs with a
high expression of miR-21. In the following histological
analyses, we found that CAFs with high miR-21 expres-
sion produced heavy desmoplasia in tumor tissues. Taken
together, the in vivo data were in line with the in vitro
findings, confirming that downregulation of miR-21 in
CAFs could be a promising target to overcome PDAC
drug resistance.

PDAC is a lethal disease due to its aggressive nature
and heavy drug resistance. To overcome these issues, our
study identified that a number of activated CAFs were
associated with PDAC drug resistance, and miR-21 over-
expression contributed to the activation of CAFs by regu-
lating the PDCD4 gene, and downregulation of miR-21 in
CAFs would enhance the response of the PDAC model to
chemotherapy. On the basis of these findings, miR-21 in
CAFs could be a promising candidate in overcoming the
drug resistance of PDAC and thus additional studies are
urgently needed.
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