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Background: microRNAs (miRNAs) are emerging as critical regulators of multidrug
resistance (MDR) in gastric cancer, a major cause of chemotherapy failure. miR-625 is
downregulated in gastric cancer and negatively associated with metastasis. In the current
study, we aimed to investigate whether miR-625 regulates MDR in gastric cancer.
Methods: The level of miR-625 in gastric cancer cells with or without MDR was quantified
by quantitative reverse transcription PCR (qRT-PCR) analysis. The sensitivity of gastric
cancer cells to chemotherapeutic agents was assessed by MTT assay. The protein expression
was determined by Western blot analysis, and the luciferase reporter assay was applied to
confirm miR-625 regulation of the potential target.

Results: miR-625 is downregulated in MDR gastric cancer cells compared with chemosen-
sitive counterparts. In addition, miR-625 increases the sensitivity and promotes apoptosis of
gastric cancer cells when treated with different chemotherapeutic agents. Moreover, miR-625
directly targets the aldehyde dehydrogenase 1A1 (ALDHI1A1), and importantly, the restora-
tion of ALDH1A1 expression rescues miR-625 effects on MDR in gastric cancer cells.
Conclusion: miR-625 reverses MDR in gastric cancer cells by targeting ALDH1A1. Hence,
our study identifies miR-625 as a novel regulator of MDR in gastric cancer cells, and
implicates its potential application for overcoming MDR in gastric cancer chemotherapy.
Keywords: miR-625, multidrug resistance, gastric cancer, ALDH1A1, apoptosis

Introduction
The gastric cancer is the fifth most common malignancies and the second leading
cause of cancer-related death in the world." Most patients are diagnosed with an
advanced stage or relapse after surgical resection, and the systemic chemotherapy is
currently the mainstay treatment for advanced gastric cancer.” However, in many
cases, patients show a poor initial response or develop intrinsic or acquired resis-
tance to chemotherapy, known as multidrug resistance (MDR), which becomes
a huge obstacle for effective chemotherapy and leads to a poor prognosis of gastric
cancer patients.” The development of gastric cancer MDR is a very complicated
process and a large number of drug-resistant molecules have been shown to play an
important role, such as P-glycoprotein/ABCB1 and MRP1/ABCC1.* However, the
mechanisms underlying gastric cancer MDR are still not well understood.
microRNAs (miRNAs) are a group of small noncoding RNAs that posttranscrip-
tionally regulate gene expression through translational inhibition and mRNA
destabilization.” Until now, the roles of several miRNAs in gastric cancer MDR have
been investigated. For example, miR-15b and miR-16 modulate gastric cancer MDR
by modulating apoptosis through targeting BCL2.° PTEN is a target of miR-19a/b,
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which mediates the promotive effect on MDR in gastric
cancer.” Additionally, miR-106a induces MDR in gastric
cancer by targeting RUNX3.* Moreover, miR-508-5p regu-
lates MDR in gastric cancer by targeting ABCBI1 and
ZNRDI.? These studies suggest that miRNAs can regulate
gastric cancer MDR by targeting different genes.

In a recent study, miR-625 was found significantly
downregulated and negatively correlated with lymph
node metastasis in gastric cancer, and miR-625 was also
shown to inhibit the invasion and metastasis of gastric
cancer cells by targeting ILK.' However, to our best
knowledge, whether miR-625 is associated with MDR in
gastric cancer and the molecular mechanisms are not
reported. In this study, we investigated the regulation and
functional role of miR-625 in gastric cancer MDR by
taking the advantage of SGC7901 cells and their MDR
variants, including SGC7901/VCR and SGC7901/ADR.

Materials and methods

Cell lines and culture

The cell line SGC7901 was purchased from the Shanghai cell
bank of the Chinese Academy of Sciences. The cells were
cultured in RPMI-1640 medium (Invitrogen) supplemented
with 10% fetal bovine serum (Invitrogen), 100 U/ml penicil-
lin sodium and 100 pg/ml streptomycin at 37°C in an incu-
bator with 5% CO,. The MDR variants of SGC7901,
including SGC7901/VCR and SGC7901/ADR, were estab-
lished in our lab as described previously,'" and cultured with
the addition of 1 mg/ml VCR and 0.5mg/ml ADR, respec-
tively, to maintain their MDR phenotype. All procedures
were conducted in accordance with the protocols approved
by the Ethics Committee of Linyi People’s Hospital.

qRT-PCR analysis

SGC7901 cells were harvested and the total RNA was
isolated using TRIzol reagent (Invitrogen). The expres-
sion of miR-625 was quantified by the stem-loop RT
followed by TaqMan PCR analysis as previously
described,'? during which an All-in-One miRNA qRT-
PCR Detection Kit (GeneCopoeia, Rockville, MD,
USA) was utilized based on the manufacturer’s proto-
cols. The results were calculated by the 2724¢T
method,13 and normalized to U6 snRNA. ALDHI1A1
mRNA expression was quantified by qRT-PCR analysis
using the SYBR Green PCR Kit (Takara Bio Inc., Otsu,
Japan), and the results were normalized to GAPDH.

Each reaction was conducted in triplicate. Primer

sequences are listed as follows: miR-625 GSP: 5'-
GCGGCAGACTATAGAACTTT-3"; R: 5-CAGTGCGT
GTCGTGGA-3'; ALDHIAl F 5-AGGGGCAGCCAT
TTCTTCTCA3’; R 5'-CACGGGCCTCCTCCACATT-3'.

In vitro drug sensitivity assay

SGC7901 cells were transfected with antagomir-625, and
SGC7901/ADR and SGC/7901VCR cells were transfected
2000
(Invitrogen) according to the manufacturer’s instructions.

with mimic-mir625 using the Lipofectamine
The transfection of antagomir-NC and mimic-NC was used
as control. The drug sensitivity was determined as previously
described.® Briefly, at 48 h after transfection, 5x 10> cell were
seeded into 96-well plates and then treated with different
concentrations of chemotherapeutic agents, including vin-
cristine (VCR), adriamycin (ADR), 5-fluorouracil (5-FU),
and cisplatin (CDDP). At 48 h after treatment, 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide
(MTT) (Sigma, St Louis, MO, USA) assay was performed,
and the absorbance at 490 nm was recorded using a spectro-
photometer. The concentration at which each drug produced
50% inhibition of growth (ICso) was calculated by the rela-
tive survival curve. Each treatment was performed with 5
replicates.

Flow cytometry analysis of apoptosis
SGC7901 cells were harvested and washed with PBS.
Then, cell apoptosis was assessed using an Annexin-
V-FITC apoptosis detection kit (BD, Franklin Lakes, NJ,
USA) in combination of flow cytometry analysis as pre-
viously described.'* A FACSCalibur flow cytometer (BD
Biosciences) was used and data were analyzed using the
FlowJo software (FlowJo, Ashland, OR, USA).

Luciferase activity assay

The 3'-UTR of human ALDH1A1 cDNA containing the
putative binding site for miR-625 was amplified by PCR
and inserted downstream of the luciferase gene in the
pGL3 vector (Promega, Madison, WI). A mutant 3’-UTR
ALDHI1AT1 construct was generated using the QuikChange
II site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA)
according to the manufacturer’s protocols. Both the wild-
type (wt) and mutant (mut) constructs were confirmed by
DNA sequencing. For determining luciferase activity,
SGC7901 cells were plated with 1x10° cells per well in
24-well plates. 200 ng of pGL3-wt-3'-UTR or pGL3-mut
-3’-UTR plus 50 ng pRL-TK Renilla luciferase (Promega,
Madison WI USA) were cotransfected with 50 pmol of
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antagomir-NC, antagomir-625, mimic-NC, or mimic-mir  antibody (Novus Biologicals, NBP1-28566); anti-Bcl-2 anti-
625 using the Lipofectamine 2000 (Invitrogen) according body (Santa Cruz, sc-7382); anti-cleaved caspase-3
to the manufacturer’s instructions. At 48 h following trans-  (Asp175) (Cell Signaling Technology, 9661); anti-ALDH
fection, the luciferase activity was measured using the 1Al antibody (Abcam, EP1933Y); anti-B-Actin (Abcam,
Dual Luciferase Reporter Assay System (Promega). The ab14128); anti-rabbit IgG, HRP-linked antibody (Cell
firefly luciferase activity was normalized to that of Renilla ~ Signaling Technology, 7074); anti-mouse IgG, HRP-linked
luciferase. Each treatment was performed in triplicate. antibody (Cell Signaling Technology, 7076).

Statistical analysis

Western blot analysis _
Data are presented as the mean + SEM. The two-tailed

Cells were harvested after treatment and homogenized in
RIPA lysis buffer (Beyotime, P0013B) supplemented with
complete EDTA-free cocktail protease inhibitor (Roche).

Student’s #-test, one-way or two-way analysis of variance
(ANOVA) was applied to compare the data. The statistical
analysis was carried out using the SPSS11.0 software
(SPSS Inc., Chicago, IL, USA). Differences were consid-
ered to be statistically significant if p<0.05.

The extracted protein samples were resoluted by 10% SDS-
PAGE gels and then transferred onto nitrocellulose (NC)
membranes (Millipore, Bedford, MA). The NC membranes
were blocked with 5% nonfat dry milk in TBST for 1 h, and
then probed with primary antibodies overnight at 4°C. At Results

the second day, the NC membranes were washed by TBST miR-625 eXPrGSSion is decreased in MDR
for 3 times, and further probed with horseradish peroxidase gastric cancer cells

(HRP)-conjugated secondary antibodies for 1 h at room  We established two gastric cancer cell variants from parental
temperature. The protein bands were acquired by incubating ~ SGC7901 cells, including SGC7901/ADR and SGC7901/
with the enhanced chemiluminescence (ECL) (Amersham  VCR, which are resistant to the treatment of adriamycin
Biosciences, Amersham, UK). The antibodies used in this (ADR) and vincristine (VCR), respectively.” The resistant
study were purchased from the following sources: anti-Bax  characteristic of SGC7901/ADR cells to ADR (Figure 1A)
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Figure | miR-625 is downregulated in MDR gastric cancer cells. (A and B) SGC7901/ADR (A) and SGC7901/VCR (B) were obtained from parental SGC7901 cells by
stepwise selection of vincristine (VCR) and adriamycin (ADR) treatment, respectively. | mg/ml VCR and 0.5 mg/ml ADR were used to maintain their MDR phenotype.
SGC7901/ADR cells were treated with 10 pg/ml ADR (A) and SGC7901/VCR cells were treated with 10 ug/ml VCR (B) for consecutive days as indicated. The parental
SGC7901 cell line was used as a negative control. The drug sensitivity was determined by MTT assay. The percentage of viable cells is shown (%). Each treatment condition
was performed in 5 replicates. (C and D) The expression of miR-625 in SGC7901/ADR cells (C) and SGC7901/VCR cells (D) was determined by qRT-PCR analysis. Results
were normalized to U6 snRNA and expressed as relative to SGC7901 cells. Each column represents the mean value from 3 replicates. Data are presented as the mean *
SEM. ANOVA with a post hoc Dunnett’s test (A and B); Two-tailed Student’s t-test (C and D). **P<0.01.
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and SGC7901/VCR cells to VCR (Figure 1B) was confirmed
by their robust cell viability under contentious drug treatment,
as compared to sensitive SGC7901 cells. To explore whether
miR-625 is associated with MDR development in gastric
cancer, we compared its expression in SGC7901 cells with
that in SGC7901/ADR and SGC7901/VCR. As analyzed by
quantitative reverse transcription PCR (qRT-PCR) assay, in
comparison with SGC7901 cells, miR-625 expression was
markedly downregulated in both SGC7901/ADR cells
1C) and SGC7901/VCR cells 1D).
Therefore, these results may imply a reverse correlation

(Figure (Figure

between miR-625 expression and MDR development in gas-
tric cancer.

miR-625 sensitizes MDR gastric cancer

cells to chemotherapeutic agents
To establish whether miR-625 is functionally involved in
MDR development in gastric cancer, we antagonized miR-

625 in SGC7901 cells with the transfection of specific antag-
omir (antagomir-625). Compared to negative control
antagomir (antagomir-NC), the miR-625 level was indeed
silenced upon antagomir-625 transfection (Figure 2A). We
next treated these cells with commonly-utilized chemothera-
peutic agents for gastric cancer, including ADR, VCR, 5-fluor-
ouracil (5-FU), and cis-diamminedichloroplatinum (CDDP)."
An in vitro drug sensitivity assay, which evaluated the con-
centration at which each drug produced 50% inhibition of
growth (ICs), showed that miR-625 inhibition in SGC7901
cells by antagomir-625 increased the ICs, values for all the
tested chemotherapeutic agents (Figure 2B), suggesting that
miR-625 inhibition increases MDR in SGC7901 cells, which
parallels the phenomenon of miR-625 downregulation in
MDR SGC7901 cells (Figure 1). Based on these results, we
suspected that whether miR-625 restoration decreases MDR in
SGC7901/ADR and SGC7901/VCR. To test this possibility,
miR-625 was overexpressed in these cells by transfecting with
mimic-mir625, which was validated by qRT-PCR analysis
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Figure 2 miR-625 increases drug sensitivity in MDR gastric cancer cells. (A) SGC7901 cells were transfected with antagomir-625 or negative control antagomir (antagomir-
NC). At 2 days after transfection, the miR-625 level was determined by qRT-PCR analysis. Results were normalized to U6 snRNA. The expression relative to that in
antagomir-NC group is shown. Each column represents the mean value from 3 replicates. (B) SGC7901 cells were transfected as in (A), and further treated with ADR, VCR,
5FU and CDDP for 2 days. The drug sensitivity was determined by MTT assay. The ICsq is shown. Each concentration treatment was performed in 5 replicates. (C and D)
SGC7901/ADR (C) and SGC7901/VCR (D) cells were transfected with mimic-mir625 or negative control (mimic-NC). At 2 days after transfection, the miR-625 level was
was determined by qRT-PCR analysis. Results were normalized to Ué snRNA. The expression relative to that in mimic-NC group is shown. Each column represents the
mean value from 3 replicates. (E and F) SGC7901/ADR cells (E) and SGC7901/VCR cells (F) were transfected as in (C and D), and further treated with ADR, VCR, 5FU and
CDDP for 2 days. The drug sensitivity was determined by MTT assay. The ICs, is shown. Each concentration treatment was performed in 5 replicates. Data are presented as
the mean + SEM. Two-tailed Student’s t-test. **P<0.01; *P<0.05.
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(Figure 2C and D). As expected, compared to mimic-NC,
miR-625 overexpression mediated by mimic-mir625 transfec-
tion leaded to reduced ICs, values for 4 chemotherapeutic
agents in both SGC7901/ADR cells (Figure 2E) and
SGC7901/VCR cells (Figure 2F). Therefore, these results
indicate that miR-625 is able to reverse MDR in gastric cancer.

miR-625 promotes apoptosis in MDR
gastric cancer cells treated with

chemotherapeutic agents

The evasion to apoptosis induced by cytotoxicity of che-
motherapeutic agents is an important molecular mechanism
for tumor resistance to chemotherapy.'®!” We asked whether
miR-625 reverses MDR in gastric cancer cells by promoting
apoptosis. To address this issue, we checked the expression of
apoptosis-associated markers, including Bax, Bcl-2, and
cleaved caspase-3.'®'" Western blot analysis revealed that,
miR-625 inhibition decreased the expression of Bax and
cleaved caspase-3, and meanwhile, increased Bcl-2 expression
in SGC7901 cells treated with 4 chemotherapeutic agents
(Figure 3A), which are consistent with the increased survival

A SGC7901
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Bax

Cleaved caspase 3 |
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rate and MDR in these cells (Figure 2B). Moreover, instead,
miR-625 overexpression via mimic-mir625 transfection
increased the expression of Bax and cleaved caspase-3, and
decreased Bcl-2 expression in both SGC7901/ADR cells
(Figure 3B) and SGC7901/VCR cells (Figure 3C) under the
treatment of 4 chemotherapeutic agents, which are also in
concert with results shown in Figure 2E and F. Altogether,
these observations suggest that miR-625 reverses MDR in
gastric cancer through resensitizing cells to apoptosis induced
by chemotherapeutic agents.

ALDHIALI is a direct target of miR-625

miRNAs exert their versatile biological activities through
regulating gene expression by means of targeting comple-
mentary mRNAs.*® To elucidate how miR-625 reverses
MDR in gastric cancer, its mRNA targets were predicted
by TargetScan tool.>’ Among these putative targets, the
aldehyde dehydrogenase 1A1 (ALDHI1Al) attracted our
attention (Figure 4A), since its overexpression is asso-
ciated with the aggressiveness and poor prognosis of gas-
tric cancer,”” and it also plays a role in cancer drug

B SGC7901/ADR
ADR VCR 5-FU CDDP
Mimic-NC  + - + - + - + -
Mimic-mir625 - + - + - + - +

Bax

Bcl-2

Cleaved caspase 3

B-actin

Figure 3 miR-625 promotes chemotherapeutic agent-induced apoptosis in MDR gastric cancer cells. (A) SGC7901 cells were transfected with antagomir-625 or antagomir-
NC. At 2 days after transfection, cells were further treated with | ug/ml ADR, 0.5 ug/ml VCR, 5 ug/ml 5FU and 2 ug/ml CDDP for 2 days. The protein levels of Bax, Bcl-2,
and cleaved caspase 3 were determined by Western blot analysis. B-actin was utilized as a loading control. The representative results from 3 independent experiments are
shown. (B and C) SGC7901/ADR cells (B) and SGC7901/VCR cells (C) were transfected with mimic-mir625 or mimic-NC. At 2 days after transfection, cells were further
treated with | pg/ml ADR, 0.5 ug/ml VCR, 5 pg/ml 5FU and 2 pg/ml CDDP for 2 days. The protein levels of Bax, Bcl-2, and cleaved caspase 3 were determined by Western
blot analysis. B-actin was utilized as a loading control. The representative results from 3 independent experiments are shown.
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Figure 4 miR-625 directly targets ALDHIAI. (A) The schematic representation of complimentary sequences between miR-625 and 3'-UTR of ALDHIAI. (B) SGC790I
cells were transfected with antagomir-625 or antagomir-NC in combination with luciferase reporter construct containing wild-type or mutant 3'-UTR of ALDHIAI. At
2 days after transfection, the luciferase activity was measured. The firefly luciferase activity was normalized to that of Renilla luciferase. Each treatment condition was
performed in triplicate. (C) SGC7901 cells were transfected with mimic-mir625 or mimic-NC in combination with luciferase reporter construct containing wild-type or
mutant 3'-UTR of ALDHIAI. At 2 days after transfection, the luciferase activity was measured. The firefly luciferase activity was normalized to that of Renilla luciferase. Each
treatment condition was performed in triplicate. (D) The mRNA level of ALDHIAI in SGC7901/ADR and SGC7901/VCR cells was determined by qRT-PCR analysis. Results
were normalized to U6 snRNA. The expression relative to that in parental SGC7901 cells is shown. Each column represents the mean value from 3 replicates. (E) The
protein level of ALDHIALI in parental SGC7901 cells, SGC7901/ADR cells and SGC7901/VCR was determined by Western blot analysis. B-actin was utilized as a loading
control. The representative results from 3 independent experiments are shown. (F) SGC7901 cells were transfected with antagomir-625 or antagomir-NC. At 2 days after
transfection, the protein level of ALDHIAI was determined by Western blot analysis. (G) SGC7901/ADR cells and SGC7901/VCR cells were transfected with mimic-mir625
or mimic-NC. At 2 days after transfection, the protein level of ALDHIAI was determined by Western blot analysis. B-actin was utilized as a loading control. The
representative results from 3 independent experiments are shown. Data are presented as the mean + SEM. Two-tailed Student’s t-test. **P<0.01; NS, not significant.

2.0

SGC7901/ADR
SGC7901/VCR

SGC7901

Antagomir625  _ +

15

0.0

Relative ALDH1A1
mRNA expression

resistance.”® We confirmed whether ALDHIAL is a direct
target of miR-625 in SGC7901 cells by luciferase reporter
assay. As shown, miR-625 silencing increased the lucifer-

miR-625 reverses MDR in gastric cancer
cells by suppressing ALDHIAI

Finally, we aimed to clarify whether ALDH1A1 contributes to
miR-625 function in MDR in gastric cancer. For this purpose,
we depleted ALDH1AT1 expression in SGC7901 cells through
small interfering RNA (siRNA) technique. Indeed, siRNA

ase activity of wild-type but not the mutant form of
ALDHI1A1 construct (Figure 4B). Oppositely, miR-625
overexpression decreased the luciferase activity of wild-

type ALDH1A1 construct, but with the mutant form unaf-
fected (Figure 4C). These results prove that miR-625 can
directly target ALDHI1AL1. In addition, consistently, along
with the downregulation of miR-625 in SGC7901/ADR
cells (Figure 1C) and SGC7901/VCR cells (Figure 1D),
both the mRNA level (Figure 4D) and protein level
(Figure 4E) of ALDHIA1 were elevated. Furthermore,
miR-625
expression in SGC7901 cells (Figure 4F), and in agree-
ment with this, miR-625 overexpression leaded to
decreased ALDH1A1 expression in SGC7901/ADR cells
and SGC7901/VCR cells (Figure 4G). Thus, these data
demonstrate that ALDHIA1 could be a direct target of
miR-625.

silencing resulted in increased ALDHIAIL

targeting ALDH1AI1 resulted in pronounced reduction of
ALDHI1A1 expression in SGC7901 cells (Figure 5A).
Significantly, the mir-625 silencing-increased 1Cs, values for
4 tested chemotherapeutic agents were vastly reversed by
ALDHIAL1 depletion (Figure 5B), proving that ALDH1A1
upregulation mediated by mir-625 silencing plays a critical
role in increasing the MDR in gastric cancer. Consistently, in
SGC7901/ADR cells, the decreased MDR by mir-625 over-
expression was largely recovered when ALDH1A1 expression
was restored by overexpression (Figure 5C and D).
Furthermore, similar results were obtained in SGC7901/
VCR cells (Figure 5E and F). Collectively, these lines of
evidence establish ALDHI1A1 as a critical target through
which miR-625 reverses MDR in gastric cancer cells.
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Figure 5 Restored ALDHIAI expression reverses miR-625 effect on MDR in gastric cancer cells. (A) SGC7901 cells were transfected with antagomir-625 or antagomir-NC
in combination with control siRNA or ALDHIAI siRNA (siALDHIALI). At 2 days after transfection, the protein level of ALDHIAI was determined by Western blot analysis.
B-actin was utilized as a loading control. The representative results from 3 independent experiments are shown. (B) SGC7901 cells were transfected as in (A), and further
treated with ADR, VCR, 5FU and CDDP for 2 days. The drug sensitivity was determined by MTT assay. The ICsq is shown. Each concentration treatment was performed in 5
replicates. (C) SGC7901/ADR cells were transfected with mimic-625 or mimic-NC in combination with pcDNA3.| vector or pcDNA3.| ALDHIAI. At 2 days after
transfection, the protein level of ALDHIAI was determined by Western blot analysis. B-actin was utilized as a loading control. The representative results from 3
independent experiments are shown. (D) SGC7901/ADR cells were transfected as in (C), and further treated with ADR, VCR, 5FU and CDDP for 2 days. The drug
sensitivity was determined by MTT assay. The ICsg is shown. Each concentration treatment was performed in 5 replicates. (E) SGC7901/VCR cells were transfected as in
(C). The protein level of ALDHIAI was determined by Western blot analysis. B-actin was utilized as a loading control. The representative results from 3 independent
experiments are shown. (F) SGC7901/VCR cells were transfected as in (C), and further treated with ADR, VCR, 5FU and CDDP for 2 days. The drug sensitivity was
determined by MTT assay. The ICsq is shown. Each concentration treatment was performed in 5 replicates. Data are presented as the mean + SEM. Two-tailed Student’s

t-test. *¥P<0.01; *P<0.05.

Disscussion

The acquired MDR is a major cause of chemotherapy failure
during gastric cancer treatment”* Apart from the well-
recognized drug-resistant ATP-binding cassette transporters,
such as P-glycoprotein (P-gp) and MDR-associated protein
(MRP)1,% recent studies have revealed that several new
molecules and mechanisms are also associated with the
development of MDR in gastric cancer, including some
miRNAs.****” For example, miR-15b and miR-16 influence
gastric cancer MDR via modulation of apoptosis by targeting
BCL2.° Therefore, the connection between miRNAs and
gastric cancer MDR may provide novel therapeutic targets
for overcoming gastric cancer MDR. In the present study, we
report that miR-625 reverses gastric cancer MDR, in which
the targeted ALDH1A1 constitutes the predominant mechan-
ism. Thus, we identify miR-625 as a novel miRNA regulator
in gastric cancer MDR and also highlight an important role of
ALDHIALI in mediating miR-625 function.

SGC7901/VCR and SGC7901/ADR cell lines are two
MDR variants derived from SGC7901 cells, which are
frequently used as experimental models in this research
field.*® The aberrant expression of some miRNAs has
been observed in gastric cancer, and these dysregulated
miRNAs have the potential to be used as biomarkers and
therapeutic targets in gastric cancer.’>*° In addition, the
abnormal expression of some miRNAs has also been
found in clinical gastric cancer tissues with MDR, like
miR-30a.3! Moreover, in SGC7901/VCR and/or
SGC7901/ADR cells, multiple miRNAs display abnor-
mal expression as compared with sensitive SGC7901,
such as miR-19a/b,’ miR—106a,8 and miR—508-5p.9 In
the current study, we found that contrary to SGC7901
cells, miR-625 expression was markedly decreased in
both SGC7901/VCR and SGC7901/ADR cells. Thus,
we in the first time reveal a negative correlation between
miR-625 expression and gastric cancer MDR. Notably,
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in a previous study, miR-625 expression was found sig-
nificantly downregulated and reversely correlated with
the lymph node metastasis in gastric cancer.'” Together
with our findings, it appears that miR-625 is not only
negatively associated with progression and metastasis,
but also with MDR development in gastric cancer,
which possibly suggest it as a tumor suppressive
miRNA in gastric cancer. In addition to drug resistance
and metastasis, miR-625 also influences other activities
of cancer, including proliferation of esophageal cancer,
migration and invasion of hepatocellular carcinoma,*
and metabolism of melanoma.** To better understand
the association between miR-625 and gastric cancer, it
would be required to investigate whether miR-625 plays
a role in other activates of gastric cancer and how it’s
expression is downregulated during tumorigenesis and
MDR development of gastric cancer.

As described above, some miRNAs have been shown
to reverse gastric cancer MDR. For example, miR-15b and
miR-16 were reported to reverse gastric cancer MDR by
promoting apoptosis via targeting a common molecule
BCL2, a well-known anti-apoptotic regulator.® Besides,
miR-508-5p and miR-129-5p reverse gastric cancer MDR
by targeting ABCB1 and ZNRDI,” and ABC
transporters,”> respectively. These previous studies suggest
that different miRNAs reverse gastric cancer MDR
through distinct mechanisms. We found that miR-625
resensitized MDR gastric cancer cells to four chemother-
apeutic agents, including ADR, VCR, 5-FU, and CDDP,
and that this was accompanied by the promoted apoptosis
of gastric cancer cells, indicating that miR-625 reverses
gastric cancer MDR through promoting apoptosis which is
induced by chemotherapeutic agents. It has shown that
miR-625 induces apoptosis and increases the chemosensi-
tivity of glioma to temozolomide.>® Moreover, miR-625
also promotes apoptosis and increases chemosensitivity of
lymphoblastic leukemia cells to vincristine and
cytarabine.®” Therefore, we speculate that promoting the
cytotoxicity-induced apoptosis derived from chemothera-
peutic agents may be a common mechanism by which
miR-625 reverses chemoresistance. Given this similarity
shared by these findings, it is likely that miR-625 may
reverse chemoresistance in other cancer types. Further
efforts are needed to validate speculation.

It has been established that the elevated expression and
activity of ALDH1A1, which functions as a detoxifying
enzyme, are important features of tumor-initiating and/or
cancer stem cells in multiple types of cancers.”® In fact,

ALDHI1AL1 is involved in many biological processes, includ-
ing oxidative stress response, cell differentiation, and drug
resistance.”” ALDHIA1 mediates temozolomide resistance
in glioblastoma,®® and confers gemcitabine in pancreatic
adenocarcinoma cells.*® ALDHIAL1 also induces resistance
to CHOP in diffuse B-cell
Mechanistically, we provide evidence demonstrating that
ALDHI1A1 is a direct target of miR-625, and that miR-625
reverses gastric cancer MDR by suppressing ALDHI1AI

large lymphoma.*°

expression. Thus, our study extends ALDH1A1 function to
gastric cancer MDR. The limitation of our study is the lack-
ing of molecular evidence elucidating how ALDHI1A1 reg-
ulates MDR in gastric cancer. Previous studies have proven
that the mechanisms that underlie ALDH1A1-conferred che-
moresistance are associated with activation and upregulation
of drug-transporters and survival proteins, like
P-glycoprotein, AKT and BCL2.*"*** Therefore, it is very
possible the impairment of these mechanisms may also con-
tribute to miR-625-promoted apoptosis and -reversed MDR
in gastric cancer cells when treated with chemotherapeutic
agents. It is interesting to test whether this is the case.
Nevertheless, other possibilities can not rule out, since we
discovered that ALDHI1A1 restoration did not completely
rescue the reversed gastric cancer MDR by miR-625.
Except for ALDH1AT1, more study efforts are required to
discover other targets which mediate miR-625 effect on
reversing gastric cancer MDR. Furthermore, investigating
whether miR-625/ALDH1A1 axis reverses MDR in gastric
cancer in vivo, such as in xenografted tumor model, and
whether miR-625 and ALDH1A1 have possible association
with MDR by examining clinical gastric cancer samples
would not only strengthen our in vitro findings but also
bring more profound significance in therapeutically exploit-
ing it in the future.

In conclusion, we reveal a novel role of miR-625 and
ALDHI1AL in the modulation of gastric cancer MDR. Our
findings hint that upregulating miR-625 level or directly
targeting ALDH1A1 might provide clinical benefit for
reversing gastric cancer MDR, thereby improving the
effectiveness of chemotherapy for gastric cancer patients.
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