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ABSTRACT

Althoughthere are a lot of chemicaldrugsto treat breast cancer,increasingdrug resistanceof cancer cellshas
strongly hindered the effectiveness of chemotherapy ATRbinding cassette transporters represented by
P-glycoprotein (P-gp), multidrug resistance associated protein 1 (MRP1) and breast cancer resistanct
protein (BCRP)play an important role in drug resistance This study aims to investigate the effect of
7-O-geranylquercetin (GQ) combining microRNA451(miR451) on reversing drug resistanceof breast cance
and reveal the mechanismrelated to P-gp. Realtime RTFPCRand western blot assaysshowed that miR-326
mMiR-328, miR-451 and miR-155 inhibitor down-regulatedthe expressionof genesMRP1,BCRPMDR1and the
correspondingproteins MRP1,BCRPP-gp, respectively.Cell counting kit-8 (CCK8) assayindicated that these
miRNAsreversal the resistance of MCF7/ADR cellsto Adriamycin (ADR),and miR-451 showed the greatest
reversaleffect. Combinationof GQand miR-451 enhancedthe inhibitory effectsof ADRon the proliferation and
migration of MCF7/ADR cells, and attenuated the expressionof MDR1 and P-gp in MCF7/ADR cells. A
xenografttumor model was usedto show that GQand miR-451 amplified the antitumor effect of ADRin nude
mice, while western blot and immunohistochemicalassaysevealedthe decreasedexpressionof P-gpin tumor
tissues.Theseresults suggestthat GQand miR-451 have synergisticeffect on reversingdrug resistancethrough
reducingthe expressionof MDR1and P-gp in breastcancerMCF7/ADRcells

INTRODUCTION binding cassette (ABC) transporterepresented by
multidrug resistance associated proteifMRP1), R
Breast cancer has become the most comffieomale glycoprotein (Pgp) and breast cancer resistance

malignant tumor, with the morbidity and mortality protein (BCRP) play an important role in MOR 4].
both ranking firs{1]. Multi-drug resistance (MDR) of So developing safe and effective inhibbgoof ABC
cancer cells to chemotherapestis the main reason transportersto overcome MDR has become top
for the low cure rate in tumor themag2]. ATP- priority [5].
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Quercetin is a natural flavono@mmpound that has ability
to attenuateAdriamycin (ADR)-resistance induced by
ABC transporters[6]. But its clinical application is
restricted bythe lower solubility[7]. Quercetinhas to be
administrated ahigh doses to reachthe concentration
for reverson of drug resistancewhich may cause
cytotoxicity to normal cellg[8]. 7-O-Geranylquercetin
(GQ)is aliposolublemodified product ofquercetinin our
laboratory[9]. We havefound that high concentration of
GQ restraied the growth and promatethe apoptosis of
humangastric cancer, breast canesdlung cancer cells
[9111]. GQ ®uld reverse ADRresistance of breast
cancer cks at low concentratignand showed stronger
reversal effect than quercetimdicating that it is a
promising MDRrevergr[12].

Many dudies haveaevealedthat occurrence, metastasis
and MDR of tumors were closely related to the
dysfunction of microRNAs MiRNAs) and confirmed
thatsomemiRNAs wereinvolved in drug resistance by
regulating ABC transportef43]. So, these miRNAs are
potential targets for drugesistance reversion in tumor
therapy. Most of tese miRNAs reduce drug resistance
by negatively regulating the expression of ABC
transporters in tumor cellor example, microRNAI51
(miR-451), microRNA-326 (miR-326) and microRNA-
328 (MiR-328) could amplify the drug sensitivityof
tumor cells by downregulating the expression of
MDR1, MRP1 and BCRP genes and consequently
inhibiting the expression oP-gp [14], MRP1 and
BCRP proteins [15], respectively.In contrast,a few
microRNAs increase the expression of ABC transport
proteins andheninduce drugresistance in cancer cells
such asnicroRNA-155(miR-155)[16].

Studies have shown that siRNAnd small molecule
agents, such as doxorubicin, carboplatind paclitaxel,
had synergstic effecton inhibiting tumor proliferation,
metastasis and drug resistarjt&, 18] However, the
cooperabn of small molecule compounds with
miRNAs in reversng drug resistance is seldomported
so far. This study exploré the regulating effect of
miRNAs on ABC transportersand futher probed into
the synergetic actionof GQ and miR451 on reversing
P-gp-mediated drug resistan¢ge MCF-7/ADR (ADR-
resistant)cells, aiming to provide new ideas for the
clinical therapy oMDR tumors.

RESULTS

MiRNAs reversed ADRresistance in MCF7/ADR
cells

It was shownthat miR326, miR328 and miR451
expressed at lowevels in ADR-resistantcells while
mMiR-155 expressed@t a high level On the contrary,

miR-326, MmiR328 and mikR451 showed highevelsin
MCF-7 cells while miR155 showed a low I&f
(Figure 1A). This demonstrated that these four miRNAs
might be related to ADRresistance in breast cancer
cells.

When ADR-resistantcells were subjected toADR for
48 h, the proliferation ratef miR-NC-transfected cells
was similar tothat of untransfectedcells but the
proliferation rats ofthecells transfectedith miR-326,
miR-328, miR-451 and the inhibitor of miR155
droppedfrom 6080% to 19%, 18%, 17% and 27%
respectively (Figre 1B). The resuls showed that these
miRNAs reversed drug resistance in AdD&sistant
cells.

We also detected threversal fold of miRNAs to ADR
resistancelCso values of ADR to MCF and ADR-
resistantells wererespectively5.73 uM and 61.51 pM
and the resistancefold was 10.73. Drug resistance
reversalfolds of miR-326, miR-328, miR-451 and the
inhibitor of miR-155 to ADR-resistantcells were 3.15,
3.0, 3.76, 2.02, respectivelyfable 1). These results
indicated thatmiR-451, miR-326, miR-328 andthe
inhibitor of miR-155 could reverse ADResistancgand
miR-451showedhe highesteversal effect

MiRNAs regulated the expression of MRP,1IBCRP,
MDR1 genesand MRP1, BCRP, P-gp proteins

To disclose the mechanism of RINAs reversing drug
resistance, hte expressionlevels of MRP1, BCRP,
MDR1 genes and MRP1, BCRPgp proteindn ADR-
resistantells were testedftertransfedon of miRNAs.
Realtime RT-PCR assayshowedthat miR326 and
miR-328 downregulated the expressionlevels of
MRP1, BCRP respectivel miR-451 and the inhibitor
of miR-155 downregulatedthe expressiorlevel of
MDR1 (Figure 2. Westernblot showedthat miR326
and miR328 suppressed the expression of MRP1 and
BCRP, while miR451 and theinhibitor of miR-155
suppressed the expressiorPegp. MiR-451 showed the
strongest inhibition effect on gene and protein
expression (Figure 3. Above resultsrevealed that
mMiRNAs attenuatg the expression of transporters
MRP1, BCRPand P-gp by suppresag the expression
of MRP1, BCRP and MDR1 gends ADR-resistant
cells

Combination of GQ and miR-451 enhanced the
inhibitory action of ADR on proliferation and
migration of MCF -7/ADR cells

With transfecbn of miR-451 into ADR-resistantcells,
thelCsoof ADRde cr eas ed
and t hen t oaddtoral3reatmehofWE.t h
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Drug resistance reversal fold miR-451 to ADR vas
3.76, while that of GQ combining mi&51 was21.04
(Table 1), indicating that combination of GQ and
mMiRNA-451 more effectively reversedDR-resistane
in MCF-7/ADR cells

In scratch experimen8DR, GQ, miR451 alone or GQ
combining miR451 showed slight inhibition effect on

the migration of ADR-resistantcells. The inhibibry
action of ADR was enhancedsia being combined
with miR-451 or GQ,and ADR combined withGQ
and miR451 showed thestrongestinhibition effect
on cell migration (Figure 4)These data demonstrated
that GQ combining withmiR-451 exerted synergistic
effect on reversingADR-resistancein MCF-7/ADR
cells

2 MCF-7 3 MCF-7/ADR
Z
‘E L
3 15 -z
E Z
£ 10 Z
2 7
: /
(="
%)
& Sedese *** Sedeste
S JAMm U= a7

miR-326 miR-328 miR-451 miR-155

ADR E3 miR-326+ADR EZ ADR E3 miR-328+ADR

100- EZ8 miR-NC+ADROID miR-326inhiibitor+ADR 100- B miR-NC+ADR I miR-328inhiibitor+ADR
& =
g 80 £ 804
=] =]
§ v " § T
;‘. . l:l.l:l. ‘;; l-l:l.l-l.l
= — = e
:5 - ] '_E et
& - $l$l «
¥ e I L e I
— ] g — e
< e < e e ——
U -I. .I- U - .
1 L
ADR E3 miR-451+ADR ADR E3 miR-155+ADR
100- EZd miR-NC+ADR I miR-451inhiibitor+ADR 100- B miR-NC+ADROID miR-155inhiibitor+ADR

g - g S——
= o S— S
S ]
X X
z z
= o= ek
2 2
o~ «~
= 2
= =
&) &)

Figurel. MiRNAs reversed ADResistance in MCH/ADR cells(A) Expression of miB26, miR328, miR451 and miRL55 in MCH
and MCF//ADR cells were detected by Réiahe RFPCR™™ P <0.001, comparing with MGFcells. B) MCF7/ADR cells and MEFADR cells
transfected with miRNAs were treated with ADR (43 pM¥® h. Cell viability was measured by @BCi6say. All data represent the means *

ok

SD of three independent experimentsP< 0.01,™ P <0.001, comparing with netransfection group.
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Table 1. Reversal effect of miRNAs on Ai@RBistancein MCF7/ADRcells

MCF-7  MCF-7/ADR MCF-7/ ADR
miR-326 miR-328 miR-451 miR-155 inhibitor miR-451 +GQ
ADR ICso( € M} 5.73+0.12 61.51+0.86 19.87+0.20 20.43+0.32 16.34+0.13 30.41+0.19 2.93+0.42
Resistance fold 5] 10.73 3.46™ 3.57™ 2.85™ 531™ 0.51™
Reversal fold o) o) 3.15 3.0 3.76 2.2 2104

MCF7 cells, MCH/ADRcells and MCGF/ADRcells transfected with miRNAs were treated with ADR (172, 86, 43, 21.5, 10.75,
pPooX HPcTEI MPooI ndcT | MRtransfectaal WMCHADREels werektdate yith ABRRAAAIGQ2 y =
(10 pMm) for 48 h. Cell viability was detected by @@lssay, and the fcvalues were calculated. All data represent the means

+ SD of three independent experiments P <0.001, comparing with MGHADR cells without transfection.

Combination of GQ and miR-451 inhibited the miR-451 and GQ markedly inhibitedP-gp expression
expression of MDR1 and Pgp in MCF-7/ADR cells in ADR-treated MCF/7/ADR cells the inhibitory

action of GQ combining miR451 was stronger than
Reattime RT-PCRshowedthatboth miR-451andGQ that of GQ or miR451 alone (Figure 5B). These
significantly inhibited MDR1 expression in ADR indicated that GQ mbining miR451 inhibited
treated MCF7/ADR cells andthe inhibibry action of MDR1 and P-gp expression and had a stronger
GQ combining miR451 wasmore potent thamhat of capability of reversing drug resistance as compared to
GQ or mR-451 (Figure5A). Westernblot showed that either of them.
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Figure2. MiRNAs regulated the expression of MRP1, BCRP, MDR1 g&hegxpression levels of MRP1, BCRP and MDR1 in MCF
7IADR cells and MEHADR cells transfected with miRNAs were detected by-fReal RTPCR. All data represent the means + SD of three
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independen experiments”P< 0.01,” P <0.001, comparing with control group.
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Figure 3. MiRNAs regulated the expression of MRP1, BCRP agg Proteins. (A) Western blot was conducted to detect the
expression of MRP1, BCRRy? Yy Ractin in MCF/ADR cells and MCFADR cells transfected with miRNAB) Quantitative analysis of
the results in 4). All data represent the means + SD of three independent experini€@is.05,” P <0.001, comparing with control group.

Control miR-451
miR-451+GQ miR-451+ADR GQ+ADR miR-451+GQ+ADR

Figure 4. Effect of GQ and mi#&51 on the migration inhibition of ADR to MEHADR cells.MCF7/ADR cells or miR51-
transfected MCH/ADR cells were seeded onll plates with monolayer and divided on average with astévilized ruler and pipette tips.
Then the cells were treated with GQ (10 uM), ADR (43 pM) or their combination for 48 h and photographed using an inversedpeicro
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Combination of GQ and miR-451 enhanced the
inhibition effect of ADR ontumor growth

After proving thedrug resistanceeversing effect of
GQ combining miR451 in ADR-resistantcells, we
then evaluated tlire synergetic drug resistance
reversing effect on xenograft in mic&he tumorin
mice treated only with GQ, ADR omiR-451
continuouslygrew during the treatment, whereas the
tumor growthrate in mice treatedwith GQ or ADR
was slower than that irmiR-451-transfected mice or
control mice.The tumor volume of mice treated with

ADR combined with GQ or/andniR-451 reduced
obviously. The tumogrowth inhibition effect of ADR
combined with GQ and mi#&51 was stronger than that
of ADR combined with GQ or miRR51 (Figure 6A,
6B). The body weight of mice treated with ADR or
ADR combined with miR451 showed a slight
downward trend while that of mecin other groupsad
no significant changeduring the treatmenteveaing
thatGQ, miR-451 and liposomeCDO14 did not induce
apparent toxicityin mice (Figure 6C). All of these
suggestd that GQ and miR451 augmergd tumor
suppressive actioof ADR in vivo.
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Figure5. Combination of GQ and mi51 inhibited the expression of MDR1 anddp. MCF7/ADR cells and miBSl-transfected
MCF7/ADR cells were subjected to ADR (43 puM) or ADR (43 puM) combining GQ (10 uM) foA¥Bxjpréssion levels of MDR1 were
detected by Redime RTPCR. The MEFADR cells only treated with ADR were regarded as conBplEXpression levels ofdp were
detected by western blot. All data represent the means + SD of three independent experififer@05,” P< 0.01,™ P <0.001, comparing
with ADR group?P< 0.05/#P< 0.001, comparing with mi&1, GQ and ADR combination group.
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Combination of GQ and miR-451 depres&d P-gp
expression in tumor tissues

Immunohistochmistry (IHC) assayshowed thaP-gp-
positive area in tumor tissue$ mice subjected tdGQ,
ADR combined with GQ or/and miR51 was
obviously less than that in control group, aRdjp-
positive area was the least in the group treated with
ADR combined withGQ and miR451 Figure7A, 7B).
Western blot assayneanwhile demonstratedhat the
expression level of p was the lowest in the tumors of
ADR combined with GQ and mi&51 treatment group
(Figure7C). So, it wasconfirmedthat GQ and miRI51
reversél ADR-resistancein MCF-7/ADR cells by
depresgg P-gp expression, thereby increasing tumor
suppression effect.

DISCUSSION

Up to now, three generations ofgp inhibitors are
in research and development, but few of them are

satisfactory for clinical applicatioff2]. Our previous
study had shown that GQ could reverse ADR
resistance in MCH/ADR cells [12]. This stdy
proved that miRNAs also had reverse effect, and GQ
combining miR451 showed stronger reverse effect
than either of them.

MiRNAs regulate the expression of target genes
through causing their degradation or translation
inhibition, thereby changing thexpression level of
target proteins 19). Studies showed that miRNAs
were often abnormally expressed in tumor cells and
associated with tumorigenesis, metastasis, invasion
and drug resistanci0i 23]. CancefrelatedmiRNAs

are divided into cancer pronest and suppressor
The endogenous level of miRNAs acting as tumor
suppressor, such as m#l1, was lower in tumor
tissuesthan in normal part§24]. In contrast, the
endogenous level of mMiRNAs acting as cancer
promoer, such as miRL55, was higher in tumor
tissues than in normahrts[25].

Figure6. GQ and miRI51 enhanced the inhibitory effect of ADR on tumor growth in midemorbearing mice were treated
with ADR (3 mg/kg) or the complex of rR1 (0.55 mg/kg) and liposome CDO14 (1.5 mg/kg) via tail vein injection, or treated with GQ
(18 mg/kg) by gavage for 6 times at an interval of 3 da)sTgmors removed from the necafter treatment. B) Volume of tumor in mice
during the treatment. ¢) Body weight of mice during the treatment. All data represent the means + SDPn<8.05,”P < 0.01,"" P <

0.001, comparing with control group.
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