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Background: Ovarian cancer (OC), a representative female reproductive system tumor, is
one of the most malignant tumors in female. The most important reason for its poor
prognosis is because of its high rate of chemotherapy resistance.

Results: This study aims to explore the effects of miR-21 on the chemotherapy resistance of
OC cells. The functions of miR-21 on proliferation, migration and invasion of OC cells were
assessed by transwell, clonal formation and CCKS8 assay. Expression levels of miR-21, P-gp
and CD44v6 in SKOV3 (cisplatin sensitive) cells and SKOV3/DDP (cisplatin resistant) cells
were detected by quantitative reverse transcription-polymerase chain reaction (qQRT-PCR)
and Western blotting. Si-CD44v6 was transfected into OC cells to detect the influence on
P-glycoprotein (P-gp) expression. Immunofluorescence was used to detect the localization of
CD44v6 and P-gp in cell. Co-immunoprecipitation was used to detect the relationship
between CD44v6 and P-gp. Results showed that miR-21 expression in cisplatin-resistant
SKOV3/DDP cells was significantly higher than that in SKOV3 cells, at the same time, cells
proliferation, as well as invasion and migration ability were enhanced after the miR-21
mimics transfected into SKOV3 cisplatin-sensitive cells. Furthermore, miR-21 expression
level affected the CD44v6 and P-gp expression. Immunofluorescence and co-immunopreci-
pitation showed that CD44v6 and P-gp protein could interact.

Conclusion: In conclusion, the high miR-21 expression level could increase the prolifera-
tion, invasion, and migration ability of OC cells. And the interaction of CD44v6 and P-gp
may mediate miR-21 involvement in chemotherapy resistance of OC cells.
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Introduction

Ovarian cancer (OC), the fifth most common tumor among women, which has the
highest rate of mortality in female reproductive system tumors in the worldwide.
Five-year survival rate for patients with OC is less than 50%.' According to the
statistics, in 2018, there are approximately 15,000 deaths were caused by OC in the
United States.* And the OC caused around 22,000 deaths in China every year.>°
Despite initially effective platinum- and taxane-based treatment, however, the out-
come of OC patients is not optimistic for OC have high chemotherapy resistance
rate and recurrence rate, which result the dead of patients.’” Chemotherapy of
epithelial ovarian carcinoma using platinum-based drugs such as cisplatin is one
of the first-line treatment modalities that is used in combination with other
treatments.® At the beginning of chemotherapy, the relapsed OC shows hopeful
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improvement. However, after the completion of the treat-
ment course, the tumor progression-free interval becomes
shorter until the disease becomes incurable, in large part
due to the development of chemoresistance potential in the
OC cells.” Therefore, to understanding the mechanism of
chemotherapy resistance and identifying novel targets with
prognostic, diagnostic, and therapeutic are of great value.
As we all known that MicroRNAs (miRNAs) can down-
regulate the expression of genes via either mRNA degra-
dation or inhibition of their translation as a type of non-
coding RNAs.'® The association between cancer develop-
ment and aberrant miRNA regulation have been studied by
many researchers.'' > And they found that miRNAs func-
tion as either tumor suppressors or promoters in
carcinogenesis.'* It has been proven that dysregulation of
many genes and various microRNAs (miRNAs or miRs)
are associated with the occurrence of different types of
malignancy.” In the study of non-small cell lung cancer,
inhibition of miR-21 expression can enhance the drug
sensitivity of lung cancer-resistant cisplatin cells A549/
DDP to DDP, while overexpression of miR-21 can cause
A549 cells to be resistant to chemotherapy drugs. The
occurrence of drugs.'® In recent years, many researchers
have discovered microRNA 21 (miR-21) were closely
related to OC chemotherapy.'”'® Echevarria et al found
that miR-21 can regulate OC chemotherapy via JNK-1/c-
Jun pathway.'® Yang et al found that miR-21 can suppress
the phosphate and tensin homolog (PTEN) transcript,
which may activate the Akt pathway, and thus inducing
chemoresistance of OC."?

P-glycoprotein (P-gp) which is a transmembrane pro-
tein that can efflux drugs, and reduce the intracellular
bioavailability of drugs, thereby reducing the efficacy of
drugs against cancer. Previous research has demonstrated
that over-expression of the multidrug resistance 1 (MDR1)
gene which encodes P-gp in several types of cancer is
mainly contribute to drug resistance. And studies have
demonstrated that miR-21 can induce OC cancer by reg-
ulating P-gp expression partly.”’ CD44, type I transmem-
brane receptor glycoprotein, is an important surface
receptor for hyaluronic acid in the extracellular matrix,
having CD44s and CD44v two kinds of forms. CD44V is
expressed only in tumor cells and a few in normal epithe-
lial cells. CD44 can involve a variety of biological pro-
cesses, such as participating in lymphocyte homing
activation, cytoskeletal anchoring, cell-cell/matrix adhe-
sion, activation of multiple strips signals transduction
pathways.?' Ravindranath et al*> demonstrated that CD44

increases P-gp mediated drug resistance. Miletti et al*
demonstrated that P-gp and CD44 are co-regulated, co-
immunoprecipitated, and due to their interaction promotes
tumor cell migration and invasion ability. However, in OC,
the relationship between miR-21 and CD44v6 and P-gp is
remain unclear. In present study, we took use of miR-21
mimics/inhibitors and siRNA-CD44v6 to explore the rela-
tionship between miR-21 and chemoresistance, and the
relationship between miR-21, CD44v6 and P-gp in OC
cells.

Materials and Methods
Cell Culture

SKOV3 human ovarian carcinoma cells were obtained
from the Shanghai Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). SKOV3 cells were cultivated
in DMEM/F12 medium (SH30023.01, Hyclone) with 10%
FBS, 100 U/mL penicillin and 100 pg/mL streptomycin
(Sangon Biotech Co., Ltd., Shanghai, China) at 37°C in a
5% CO, incubator.

Cell Transfection

The Negative control and miR-21 mimics/inhibitors were
purchased from Sigma-Aldrich (Shanghai, China).
SKOV3 and SKOV3/DDP cells were divided into negative
control (NC) group which is to eliminate non-sequence
specific effect and the mimics/inhibitors group to measure
the transfection efficiency of miR-21, respectively. The
negative control group in our study was transfected with
empty vector. SKOV3 and SKOV3/DDP cells (4x10°
cells/well) were respectively seeded into six-well plates,
then the miR-21 or the NC mimics/inhibitors were trans-
fected into cells with Lipofectamine®2000 (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) according to the
manufacturer’s recommendation.

In vitro Silencing

Cells were plated in 96-well plates with DMEM/F12 med-
ium without antibiotics cultured for 24 h before transfec-
tion. The cells were transfected with signal (concentration:
50 nM), purchased from QIAGEN, targeting CD44v6: 5'-
GCCAACATTCATTCAATAC-3’, and Lipofectamine
2000 (11668019, Invitrogen) according to the manufac-
turer’s protocol. The cells were transfected once more
after 24 h and harvested the next day. Scrambled siRNA
was used as negative controls.
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Clonal Formation Assay

The cells were seeded in a six-well plate at a cell density
of 1000 cells/well, and then the six-well plates were placed
in a 37°C, 5% CO, incubator for 2 weeks. The cells were
fixed with 4% polymethanol for 20 min. Subsequently,
dilute into crystal violet working solution with physiolo-
gical saline and crystal violet mother liquor at a ratio of
2:9. The crystal violet dye solution was added to wells for
30 min and washed twice with PBS. Place a photo under
the microscope and count the number of clones larger than
10 cells. Calculated clone formation rate: clone formation
rate (%) = number of clones/number of cells inoculated
*100%.

Transwell Assay

For invasion assay, the matrigel and the medium were
diluted 1:3, and 50 puLL was added to the transwell chamber,
which was dried in an incubator for use. The cells were
made into a suspension of 10° cells/mL, and 1 mL of the
cell suspension was centrifuged at 10,000 g for 5 min, and
the supernatant was discarded. Then, add 1 mL of medium
without serum, blow evenly, and take 200 pL of the cell
suspension into a transwell chamber. 500 pL of medium
containing 10% FBS was added to a 24-well plate.
Incubate for 48 h at 37°C in a CO, (content 5%) incubator.
The chamber was taken out, the medium was washed away
with PBS, the glue and cells in the upper chamber were
wiped clean with a cotton swab,0.01% crystal violet
stained for 10 min, the surface crystal violet was washed
away, and the non-cell inoculation side was photographed
under an inverted microscope (IX51; OLYMPUS). The
average values of 5 randomly selected fields were used.
For migration assay, there is no need to add the Matrigel
and the medium to the transwell chamber. The remaining
steps are the same as before.

CCKS8

SKOV3 cells (4,000 cells/well) were cultured in 96-well
plates overnight. Subsequently, SKOV3 and SKOV3/DDP
cells were treated with different concentrations of cisplatin
(0,0.25,0.5, 1, 2,4 and 6 pM) for 0, 2, 4, 12 and 24 h. At
the same time, SKOV3 and SKOV3/DDP cells were trea-
ted with cisplatin (the concentration at ICsy at 24 h). At
last, 10 pL CCK8 (5 mg/mL) solution was added to each
well and incubated at a temperature of 37°C in a humidi-
fied atmosphere of 5% CO, for 1.5 h. Then, the

absorbance of the plate was measured at 490 nm using
Automatic microplate reader (Perkin Elmer, USA).

Western Blot

SKOV3 and SKOV3/DDP cells (1x10° cells/well) were
cultured in 6-well plates overnight at 37°C in a 5% CO,
incubator. Then, the SKOV3 cells were treated with lysis
buffer with protease and phosphatase inhibitors (Beyotime
Institute of Biotechnology) for 60 min and centrifuged at
12,000xg for 10 min at 4°C. Protein concentration was
measured by BCA protein assay kit (AS1086, ASPEN). 10
ug of total protein lysate was electrophoresed in 10%
SDS-polyacrylamide gels and the separated proteins in
gels were transferred to PVDF membranes (EMD
Millipore, Billerica, MA, USA). The membranes were
blocked with 5% milk blocking solution for 2 h at room
temperature. The blocking solution was removed and the
diluted primary antibody anti-P-gp (abs131273; 1:500;
Absin Bioscience Inc. China), anti-CD44v6 (ab78960;
1:500; abcam) and anti-GAPDH (ab37168; 1:1,000;
Abcam, UK) was added overnight at 4°C. Then, wash
three times with TBST for 5 min each time. Add the
diluted secondary antibody (HRP-Goat anti Rabbit,
AS1107, ASPEN; HRP-Goat AS1106,
ASPEN), incubate at room temperature for 2 h, and wash

anti-Mouse,

four times with TBST on a shaker at room temperature for
5 min each time. The freshly prepared ECL mixed solution
was added dropwise to the protein side of the membrane,
and exposed in a dark room. The AlphaEaseFC software
processing system analyzes the optical density values of
the target bands.

Quantitative Reverse Transcription-
Polymerase Chain Reaction (qQRT-PCR)

Aspirate the medium in the cell culture plate. The residual
medium was washed by adding 1 mL of PBS solution, and
the PBS solution was pipetted. Then, 1 mL of Trizol
reagent (Cat.no 15596026, Invitrogen™) was added and
the cells were thoroughly pipetted into Trizol. 250 pL
chloroform was added, and allowed to stand on ice for 5
min. The mixture was centrifuged at 10,000 g for 10 min
at 4°C. Pipette 400 pL of the supernatant into 1.5 mL EP
tube, add equal volume of 4°C pre-cooled isopropanol,
mix by inversion, and let stand at —20°C for 15 min.
Solution was centrifuged at 10,000 g for 10 min at 4°C,
pour off the liquid, add 1 mL 4°C pre-cooled 75% ethanol,
reverse several times, wash the RNA precipitate, then
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Table | Primer Sequence

Primer Name Primer Sequence
GAPDH F 5'- CATCATCCCTGCCTCTACTGG-3"
R 5'- GTGGGTGTCGCTGTTGAAGTC-3"
CD44Vé F 5'- GCCTTTGATGGACCAATTACC-3"
R 5 - TCATTCCTATTGGTAGCAGGGA-3°
P-gp F 5'- CCAGAGGGCATGTTCATAGTT-3"
R 5- ACTGTCTTTCCTCGCTCAATAC-3"
Ué RT 5-AACGCTTCACGAATTTGCGT-3"
Primer
F 5 -CTCGCTTCGGCAGCACAT-3"
R 5-AACGCTTCACGAATTTGCGT-3"
hsa-miR-21 RT Primer 5 -CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCAACATC-3"
F 5 -TGGGCTTATCAGACTGATGTTGA-3"
R 5- CTCAACTGGTGTCGTGGAGTC-3"

centrifuged at 10,000 g for 10 min at 4°C. Subsequently,
pour off the liquid, dry for a few minutes, add 10pL
RNase-Free Water to dissolve RNA. Total RNA (1ug)
was reversed transcribed into to cDNA using PrimeScript
RT Master Mix (Takara Bio, Inc., Otsu, Japan). qPCR was
conducted using the StepOne™ Real-Time PCR (Life
technologies). A Bulge-Loop miRNA ¢RT-PCR kit
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to
detect the relative expression of miRNA-21. The primers
used were in Table 1.

Co-Immunoprecipitation

The protein in the cells is extracted by cell lysate and
protease inhibitor. The sample protein concentration was
detected by a BCA protein concentration assay kit. Add 20
puL magnetic beads to the appropriate volume of IP lysate in
a centrifuge tube, and wash on a vertical shaker for 5 min.
Place the centrifuge tube on a magnetic stand for 5-10 s,
aspirate the supernatant (try to avoid touching the beads).
1.0 pg of IgG and 20 pL of magnetic beads were added to
the cell lysate supernatant or the tissue lysate supernatant,
and incubated at 4°C for 30 min with shaking. The same
amount of the above cell lysate was supernatanted into a 1.5
mL centrifuge tube, and 1-10 uL (0.2-2 pg) of the antibody
was added to precipitate one of the two interacting proteins,
and the same amount of IgG was added as a negative control
at 4°C. Incubate for 1 h. Add 20 pL of magnetic beads,
gently rub with your fingers, and incubate overnight at 4°C;
place the centrifuge tube on a magnetic stand for 5-10 s, and
aspirate the supernatant. Add the appropriate volume of

Washing buffer to the centrifuge tube and place it on a
vertical shaker for 3 minutes. Place the tube on the magnetic
stand for 5-10 s and aspirate the supernatant (to avoid
touching the beads). Repeat 3 times. After the last wash,
carefully discard the supernatant, add an appropriate
volume of 2 x SDS thioglycol-containing loading buffer,
boil for 10 min, and store at —20°C. Apply SDS-PAGE
electrophoresis. Transfer film. Incubate the antibody.

Immunofluorescence

SKOV3 cells were cultured on glass coverslips until 80%
confluent. Then, fixed with 4% formaldehyde solution and
blocked with 5% bovine serum albumin (BSA;
10735078001; Roche; Switzerland) for 30 min at room
temperature. Next, the cells were incubated with rabbit
polyclonal anti-P-gp antibody (1:100; abcam, UK; cat. no.
ab235954) overnight at 4°C and Fluorescein (FITC)—con-
jugated Affinipure Goat Anti-Rat IgG (H+L) (1:100;
Wuhan Sanying Biotechnology Co., Ltd., China; cat. no.
SA00003-11) for 1 h at 37°C. The cells were then Observed
by Fluorescence microscope (Olympus, IX51) following
DAPI staining (1:1,000; cat. no. AS1075; Wuhan Aspen
Biotechnology Co., Ltd., China).

Data Statistics

Data were described as mean + SEM. Analyses were con-
ducted with IBM SPSS Statistics (version 20.0) software,
using the unpaired Student’s #-test or one-way analysis of
variance (ANOVA). And the post hoc test is Bonferroni.
*p <0.05 were considered statistically significant.
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Results

The ICso and miR-21 Expression Level in

OC Cells

First, we tested the IC5, values of SKOV3, SKOV3/DDP cells
and A2780, A2780/DDP cells. The result suggests that the
ICs value is higher in SKOV3/DDP cells than that in SKOV3
cells (Figure 1A, P<0.01). And the result is similar in A2780
and A2780/DDP cells (Figure 1A, P<0.05). Subsequently, to
identified miR-21 expression in OC cells, we determined miR-
21 expression in SKOV3 and SKOV3/DDP cells, A2780 and
A2780/DDP cells. miR-21 was up-regulated in SKOV3/DDP
and A2780/DDP cells (Figure 1B and C). This result suggests
that miR-21 is highly expressed in OC resistant cells, which
may play a role in OC chemotherapy resistance.

miR-21 Promotes Chemotherapy

Resistance in OC Cells

We next assessed the effect of miR-21 in cell growth, prolif-
eration, invasion, and migration. For this set of experiments,
we took use of miR-21 mimics and corresponding negative
control transient transfection in SKOV3 and A2780 cells,
miR-21 inhibitors, and corresponding negative control transi-
ent transfection in SKOV3/DDP and A2780/DDP cells. We
confirmed the down-regulation of miR-21 expression by the
miR-21 inhibitors and the up-regulation of miR-21 expression
by the miR-21 mimics (Figure 1B and C). Figure 2A and B
shows the cell viability time effect curve under the cisplatin
treatment (ICsg). In SKOV3 + miR-21 mimics group, cell
viability was significantly higher than that in SKOV3 +
miR-21 negative control group (Figure 2A, P<0.05). And in

the SKOV3/DDP + miR-21 inhibitors group, cell viability was
decreased than that in SKOV3/DDP + miR-21 negative con-
trol group (Figure 2A, P<0.05). Results in A2780 cell lines are
similar with that in SKOV3 cells (Figure 2B, P<0.05).

Effect of miR-21 in OC Cells Growth,

Proliferation, and Invasion

To demonstrate whether miR-21 can lead to the cisplatin
resistance of OC cells, we transient transfected miR-21
mimics and inhibitor in SKOV3 and SKOV3/DDP cells.
Thus, we assessed in treatment with the same concentra-
tion and the same time length of cisplatin solution, clonal
proliferation, migration, and invasion ability of each group
of cells (Figures 3 and 4). In a colony formation assay,
compared to the NC-inhibitor transfected cells (Figure 3A
and B), the number of colonies formation were reduced
significantly in the transient transfection of miR-21 inhi-
bitor in SKOV3/DDP cells (Figure 3, p<0.05). Transwell
assay confirmed that 50 nM of miR-21 inhibitors reduced
obviously (50%, p<0.05) in the migration and invasion
ability of SKOV3/DDP cells compared that in NC inhibi-
tors (Figure 4). This result demonstrates that high levels of
miR-21 are relative to the metastatic potential of cisplatin
resistant OC cells, and that miR-21 is a potential target to
overcome the cisplatin resistance of highly metastatic OC
cells.

CD44v6 and P-gp Expression Can Be

Affected by miR-21
We determined P-gp and CD44v6 expression in SKOV3
and SKOV3/DDP cells. CD44v6 was up-regulated in
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SKOV3/DDP cells compared that in SKOV3 cells
(Figure 3, P<0.01) in mRNA and protein expression. The
mRNA levels of P-gp and CD44v6 were also up-regulated
in SKOV3+mi-R21 mimics group cells compared with
SKOV3+NC mimics group and SKOV3+PBS group
(Figure 5A and B and D, P<0.01). Western blot analysis

showed that P-gp and CD44v6 protein levels were higher
in SKOV3+ miR-21 mimics group cells compared with
SKOV3 NC group cells (Figure SC-E, P<0.01), which
rule out the possibility that miR-21 account for the
CD44v6 and P-gp higher levels in SKOV3/DDP compared
with SKOV3 cells. These results suggest that miR-21 is

OncoTargets and Therapy 2021:14

submit your manuscript

331

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al Dove
*k *%
- P . E 2.5 . = 0.6 *x
3 ok
> — % NS 2 . ns > - he
2 < 2.0 > 2 - <
[ -4 g
2 x = 0.4
s E 15— 5
3
i‘. ns E _ns I ;
Z = 1.0 ®
nE: [ © 0.2
2 € 0.5+ Py _ns_
7 < >
o a o
O 0.0- 0.0-
4
o
4 o
o @ 4f 4 L2 o3
Z 0 o Qe Q & E Q=
¥ O ¥ Qs Qn >E g E
$E 2 2% 3§ 8- 8:
8E © ©8f o 5y ¢ = - == SKOV3+NC mimics
X X ¥ O 4 = 0=
»n n nz »n £ £ 0.8 o == SKOV3+PBS
mm SKOV3/DDP+NC inbitors
P-gp 0.64
. mm SKOV3/DDP+PBS
mm SKOV3+miR21 mimics
4
0 B SKOV3/DDP+miR21 inhibitors

CD44v6

GAPDH

CDA44v6 relative protein level

0.2

0.0-

Figure 5 (A) qRT-PCR detected the P-gp relative mRNA level of SKOV3 cells transfected in miR21 mimics/inhibitors/NC/PBS. (B) qRT-PCR detected the CD44v6 relative
mRNA level of SKOV3 cells transfected in miR2| mimics/inhibitors/NC/PBS. (C) The bland of P-gp and CD44vé6 protein in different cells. (D) and (E) Gray value analysis of
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responsible for CD44v6 and P-gp expression levels in
cisplatin resistant ovarian cancer cells.

miR-2| May Affect the Expression of P-gp
by CD44vé6

Furthermore, to determine whether there is any interaction
between CD44v6 and P-gp we transient transfected
SKOV3/DDP cells with a siRNA against CD44v6. To
further determine whether CD44v6 regulates cisplatin
resistant cells chemotherapy resistance, we treated
SKOV3/DDP-NC and SKOV3-si RNA-CD44v6 cells
with cisplatin (4.128 pM), Transwell assay were used for
detecting cells migration, invasion ability (Figure 6A—C).
When CD44v6 at low-level expression, the ability of
migration and invasion also decreased significantly
(p<0.01). The result of Figure 6D suggest that CD44v6
has no infection on miR21 expression. Real-time PCR and
Western blot analysis showed that significantly inhibited
P-gp expression (Figure 6E-I, p<0.01). These results sug-
gest that CD44v6/P-gp pathway resulted from miR-21
over-expression in cisplatin resistant ovarian cancer cells.
These results suggest that CD44v6 maybe mediated miR-

21 regulation of P-gp, furthermore took part in SKOV3
cell cisplatin resistant.

There May Be an Interaction Between
CD44v6 and P-gp

Since CD44v6 and P-gp are both located in the cell membrane,
in order to detect the relative positions of CD44v6 and P-gp,
we used immunofluorescence co-localization to detect the
expression of CD44v6 and P-gp. The results showed that
P-gp localized to the cytoplasm and cell membrane, and
CD44v6 localized to the cell membrane, and the two proteins
overlapped (Figure 7). Studies have demonstrated that P-gp
expressed on the cell membrane contributes to cell resistance,
and P-gp expressed in the cytoplasm has little effect on cell
resistance.”* We hypothesize that there is an interaction
between the protein CD44v6 and P-gp and affect the transport
of the drug. We used the co-immunoprecipitation method to
detect the interaction between CD44v6 and P-gp, as shown in
the Figure 8.

The results suggest that there is indeed an interaction
between CD44v6 and P-gp.
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*P<0.05; **P<0.01.

Discussion
Many studies have demonstrated that miR-21 is involved in
the development of chemoresistance, tumor progression and
metastasis.'?>% In our research, we found that miR-21 can
regulate the expression of CD44v6 and P-gp, which are related
to OC chemoresistance and can be interact with each other.
The upregulation of miR-21 was found in direct rela-
tion with the chemoresistance of OC through the prompt-
ing of survival of cancer cells.’”*® In multiple studies of
tumor Tominaru et al®

chemotherapy resistance,

transfected hepatoma cells with miR-21 inhibitors to
increase the sensitivity of hepatoma cells to alpha inter-
feron/5-fluorouracil. In melanoma, inhibition of miR-21
increases the sensitivity of A357 cells and A357/CDDP
cells to cisplatin.*® In the study of non-small cell lung
cancer, inhibition of miR-21 expression can enhance the
drug sensitivity of lung cancer-resistant cisplatin (DDP)
cells A549/DDP to DDP, while overexpression of miR-21
can cause A549 cells to be resistant to chemotherapy
drugs. The occurrence of medicine.
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Figure 7 Immunofluorescence co-localization to detect the expression of CD44v6 and P-gp. Blue represent Nuclear, Green represent P-gp, Red represent CD44v6.

Multidrug resistance is the most common cause of
tumor chemotherapy failure. Drug resistance is associated
with overexpression of the drug transporter of the ATP-
binding cassette protein family (ABC), including MDRI1
and its encoded products P-gp, MRP and BCRP.*' P-gp
overexpression is the main cause of multidrug resistance.
P-gp has an inhibitory effect on apoptosis, which estab-
lishes an organic link between tumor resistance and apop-
tosis tolerance at the molecular level. P-gp can delay the

apoptotic cascade and protect drug-resistant cells from

various forms of caspase-dependent apoptosis induced by
free radicals, radiation, and cytotoxic drugs.** To further
clarify the role of miR-21 in cisplatin resistance in SKOV3
cells, miR-21 inhibitors were used to inhibit miR-21
expression in SKOV3/DDP cells. The results showed that
after transfection of the miR-21 inhibitor, miR-21 expres-
sion was down-regulated in SKOV3/DDP cells, and
MDRI1 and its encoded protein P-gp were also down-
group.
Conversely, miR-21 mimics stimulated drug resistance

regulated relative to the negative control
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Figure 8 Co-immunoprecipitation method detected the interaction between
CD44v6 and P-gp.

changes in SKOV3 cells and up-regulated the expression
of MDR1 and its encoded protein P-gp.

CD44v6 is a splicing variant of the cell surface adhesion
molecule CD44 family containing exon V6-encoded pro-
tein, which binds to the corresponding ligand and partici-
pates in pathological and physiological processes such as
cell proliferation, apoptosis, adhesion, homing, and migra-
tion. Shi et al** found that the serum soluble CD44v6 in
patients with recurrent ovarian cancer was higher than that
in patients with primary ovarian cancer. And the expression
of CD44v6 in recurrent ovarian serous adenocarcinoma was
significantly higher than that in patients with primary ovar-
ian serous adenocarcinoma. Studies have shown that c-Met/
CD44v6 is associated with esophageal squamous cell car-
cinoma progression and chemoresistance.® Furthermore,
inhibition of miR-21 with a miR-21 specific oligonucleotide
inhibitor in SKOV3/DDP cells decreased the CD44v6 and
P-gp protein levels (Figure 5D), and activation of miR-21
with miR-21 mimics in SKOV3 cells increased the CD44v6
and P-gp protein levels (Figure 5D), which confirmed pre-
vious results that miR-21 regulates CD44v6 and P-gp in OC
cells. Although CD44v6 and P-gp are not direct target genes
of miR-21, they may be regulated indirectly by miR-21 by
other factors. In addition, we found that CD44v6 expression
can affect the expression of P-gp (Figure 5D), and Co-
immunoprecipitation results showed that CD44v6 interacts
with the p-gp protein (Figure 8), which is consistent with
previous study. Miletti et al*® observed the relationships
between MDR and metastatic behavior. And they found
that the CD44 and P-gp has physical (ie, protein-protein)

and genetic (ie, gene “cross-talk™) functional interactions in
cancer cells. In addition, they demonstrated that CD44 can
induce P-gp expression at the mRNA level and influence
cancer cell invasion.*® Misra et al have reported that CD44
regulates phosphoinositide 3-kinase activity, which is par-
ticipated in the stimulation of P-gp expression.*”

In summary, our study transfected human OC cell
SKOV3 with miR-21 mimics, transfected SKOV3/DDP
cells with miR-21 inhibitors, and found that miR-21 may
affect ovarian cancer cells platinum resistance by regulat-
ing CD44v6 and P-gp expression. Furthermore, we
knocked down CD44v6 in OC SKOV3/DDP cells and
found that CD44v6 can mediated miR-21 regulating P-gp
expression. In addition, since both CD44v6 and P-gp are
localized in the cell membrane, we confirmed that the two
proteins CD44v6 and P-gp can physically interact with
each other by CO-IP. Therefore, miR-21/CD44v6/P-gp
may be a potential target for reversing the resistance of
cisplatin chemotherapy in OC, which is of great develop-
ment and application value. However, there are some
shortcomings in our research for that the absence of nor-
mal cells as negative controls in our experiments is a
limitation of our study. And the relationship between
miRNA21, CD44v6, and P-gp need more experiments.
Furthermore, we still lack in vivo animal experiments to
confirm our results.
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