Mar. Drugs2013 11, 45704584; doi:10.3390/md11114570

marine drugs

ISSN 16663397
www.mdpi.com/journal/marinedrugs

Article

Ophiobolin-O ReversesAdriamycin Resistance via Cell Cycle
Arrest and Apoptosis Sensitization inAdriamycin-Resistant
Human Breast Carcinoma (MCF-7/ADR) Cells

Wenxia Sun® *, Euiting Lv * *, ¥onghan zhu?, Xue Yang®, Shanjian Weil, Jieyin Sun?,
Kui Hong **, Weiming Zhu ?* and Caiguo Huang™*

! Department of Biochemistry and Molecular Biology, College of Basic Medical

Second Military Medical University, 800 Xiangyin Road, Shanghai 200888a;

E-Mails: 515812385@163.com (W.S.); Ivcuiting961021@126.com (C.L.);
sjwei8012@hotmail.com (S.W.Jysun803@sohu.coifd.S.)

The Key Laboratory of Marine Drugs, Ministry of E@ion of China, School of Medicine and
Pharmacy, Ocean University of China, Qingdao 266003, ChiMaiE sdueduzth@ 1260

Key Laboratory of CombinatorialiBsynthesis and Drug Discovery, Ministry of EducatiSohool
of Pharmaceutical Sciencé¥uhanUniversity, Wuhan 430071, Chin&-Mail: yangxue@126.com

These authors contributed equally to this work.

* Authors to whom correspondence should be addressédiits: kuihong31@gmail.com (K.H.)
weimingzhu@ouc.edu.cn (W.Z.huangcaiguo@hotmail.com (C.H.)
Tel.: +86-21-8187-0970 (ext. 8020) (C.H.); Fax: +881-65334344(C.H.).

Received30 Augus®013; in revised form: 20 October 2013 ccepted24 October 2013
Published:14 November 2013

Abstract: Multidrug-resistance is a major obstacle facing cancer chemotherapy. This paper
demonstrates that novel compound Ophiob@lirreverse MCF-7/ADR resistance to
adriamycin (ADM). The 1G, of ADM treatedMCF-7 cells was 2.02= 0.05 yM and
74.00 + 0.18 M treated MCF-7/ADR cells about 37-fold, comparedto the former
However,0.1 pM Ophiobolin-O (less than 20% inhibition concentratic@mbined with
ADM caused the decreasedsy@f ADM to 6.67 £0.98 M, indicating itreversed ADM
resistance of MCH/ADR cells (11-fold). Furthermore, OphiobolinO increasd
ADM -inducedmitochondrial pathway apoptosis and G2/M phase arvgsich is partly
due tothe elevatiorevel of ROS in MCF/7/ADR cells As we described in this paper, the
reversal effect oDphioboln-O may be dudo the reductiorof resistanceelated protein
P-Glycoprotein (Pgp, also known as MDRZ1jhrough inhibiting the activity of the
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multidrug resistance 1 (MDR1) gene promotethich makesMCF-7/ADR cells more
sensitive to ADM treatmentAssays in nude micealso showed that the comkation of
ADM and OphiobolirO significantly improved the effect of ADM.

Keywords: OphiobolinO; adriamycin (ADM); drug resistance reversal

1. Introduction

Adriamycin (ADM) is a commonly used chemotherapy driag breast canceit inhibits tumor
growth by inducing apoptosis, but multidrug resistance is the main reasaménatherapyin breast
cancer cellsemains largely unsuccessftl. Identifying novel compounds thegversedrug resistance
in breast cancas urgently neeed[2].

Drug resistance of tumor cells is related to the overexpression of multidrug resistanges.prote
P-Glycoprotein (Pgp) is one of the multidrug resistanedated proteinsand is encoded by the
multidrug resistance 1 (MDR1) gene:gP is also the main type of drug resistance protein in
MCF-7/ADR cells [34]. The expression of resistance teins reduces the concentration of ADM in
tumor cellswhich decreassthe effect of chemotherapy.

OphiobolinO is a novel sesquiterpene compoundatad fromAspergillus ustu§94102. Previous
studies suggested that this compound inhibited the growth ofME&Hs by inducing cell cycle arrest
and apoptosig5]. Our studydemonstrate that 0.1 M Ophiobolin-O (less than 20% inhibition
concentrationyeverse MCF-7/ADR resistance to ADMia decreasing the expression of resistance
geneswhich triggered G2/M phase arrest aimdtreased th&DM -inducedapoptosisn MCF-7/ADR
cells. In vivg the combimation of OphiobolirO and ADM significantly inhibited umor growth
suggestingdphiobolinO as a potential agent to reverse chemotherapy drug resistance.

2. Results and Discussion
2.1.0OphiobolinO Reversel ADM Resistance
2.1.1 OphiobolinO Appeared tdReverseADM Resistancen MCF-7/ADR Cells

MTT resultsshowed that the I§g of ADM at 48 hwas 2.02t 0.05 M and 74.0G: 0.18 pM when
ADM treated MCF-7 cells and MCF-7/ADR cells, respectively MCF-7/ADR cells displayed
approximately 37#fold elevated resistance to ADR than MZFells On the other hand, th&€d, of
OphiobolinO when treatedMCF-7 was 17.86 £1.26 M and 28.03 +0.78 pMreatedMCF-7/ADR
cells.However, afteMCF-7/ADR cells were incubated by therobination of different concentrations
of ADM and 0.1 M OphiobolirO (less than 20% inhibition ogentration) for 48 h, the kgof ADM
decreased to 6.67 + 0.98 pvand the reveral ratio reached ZXfold. MTT data revealedthat
OphiobolinO reversed the ADM resistance of MZFADR cells (FigurelA).
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Figure 1. (A) Cell proliferation inhibition wasanalyzed by MTT assayalues are
means + S.D. from three independent experimer{is,C) Cells were treated with
OphiobolinO (0.1pM) , ADM (3 M, 6 M or 9 pM) alone or combination for 48 h, then
nuclear morphologyB) or cell morphologychanges(C) were observed.Hoechst33258
wasusedto stain nuclei Representative photomicrographs of mghbupswere showed
(D) Harvested cells were stained using PI solytoeti cycle phase analysis was performed
by using a FACScalibur flow cytometdhe percentagef multi-groups cells in different
phases of the cell cycle was represented by a bar diaffEaminnexin V-FITC/PI staining

for apoptosis iINMCF-7/ADR cells was assessed by flow cytometry analygdues are
means =SD from three independent experimeni3< 0.05, ** P < 0.01vs.control group.
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Nuclear morphology of MCH/ADR cells was assessed by Hoechst33258 staif@i@)].
Treatment withOphiobolinO (0.1 M) or ADM (3 UM, 6 M or 9 M) alone showed that theffect
on the nuclear morphology of MCHADR cellswas less than theombiration of OphiobolirO
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(0.1 M) and ADM (3 pM, 6 M or 9 M). The combinationled to a significant chromatin
condensation and fragmentation of nuclei in MORDR cels at 48 h(Figurel1B).

2.1.3 Changes of Cell Count

Cells were cultured in-@ell plates. The number of viable cells was observed with a microscope.
Compared with the control group, treatment with Ophiob@li0.1 M) or ADM (3 M, 6 M or
9 M) alone did not signitantly decreaseahe cell number. However, combined treatment with
OphiobolinO (0.1 pM) and ADM (3 M, 6 M or 9 M) caused a significant reductioof the
MCF-7/ADR cell®number 848 h (Figure1C).

2.14. Combination withOphiobolinO Causeds2/M Phase Arresh MCF-7/ADR Cells

Flow cytometric analysis of the cell cycle showed that, compared with the control group, more cells
at G2/M phase were observed when treated with 6 M or 9 M ADM, but there was no obvious cell
cycle arrest. After tredement with OphiobolirO (0.1 M) and ADM (3 M, 6 M or 9 M),
MCF-7/ADR cells were arrested at G2/M cell cycle phddeese results indicated that cell cycle was
arrested in @M phase by the low concentration of Ophioballicombined with ADM (Figure 1P

2.15. OphiobolirO Increased the Apoptosis Rate Induced by ADM in MUADR Cells

Flow cytometry results showed that, compared with the control group at 48 h, Ophi@bolin
(0.1 M) treatment caused 7.40+0.77% of apoptosis; different concentratiohADM (3 M, 6 1M
or 9 uM) induced 13.0% +1.02%, 16.2846 +£0.98%, and 20.4%6 +2.15% apoptosis, respectively;
combination with ADM of different concentration (3 M, 6 M or 9 M) and Ophiobalih (0.1 V)
induced 42.6% * 0.55%, 67.226 + 0.99%, and 71.480 + 1.20% of cell death, respectively.
Therefore, 0.31M Ophiobolin-O dramatically strengthened ADMduced apoptosis in MGFADR
cells (Figure 1D).

2.2. ROS Mediate@phiobolinO Sensitzed G2/M Arrest and Apoptosis MICF-7/ADR Cells

2.2.1 TheCombinationEffect of OphiobolinrO on Apoptotic and Cell Cycle Proteins in
MCF-7/ADR Cells

Western blot detectethe changesof apoptotic proteinsandthe results are shown igure 2A.
After combiration treatmentwith OphiobolirO (0.1 M) and ADM (3 M, 6 M or 9 M), the
expression obax, CleavedPARP,bad, Geavedcaspase3 andl€avedcaspase? increasdubwever,
expression ofbcl-2 and mitochondria cytochrome ¢ (Cyto c¢) decreased compared to the
OphiobolinO (0.1 pM) or ADM (3 M, 6 M or 9 M) alonegroup. Moreover, the combination
treatment als@éaused aignificantdecrease in the expressionaytlin B1, cd2, p-cd2, cd25C and
p-cd@25C (Figure 2A)
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Figure 2. (A) Western blot of cells analyzed for kgl bax, bad, cytochrome ¢ (Cyto c) in
mitochondria, Gcaspase, Gcaspase, GPARP, cyclin B1, cdc2, gpdc2, cdc25C and
pcdc25C at 48 h. Results are repragtissnt ati v
shown as protein loading conr¢B) The change of mitochondrial membrane potential

( g @d(C) ROS levelafter reated withOphiobolinO (0.1 M) , ADM (3 M, 6 M

or 9 M) or combination (D,E) With or without pe-treatment with ROS inhibitor NAC

(10 mmol/L), the changes of apoptosis, cell cycletrlwition and related protein levels

were showedValues aremeans +SD from three independent experimegestern blot

results from representative experiments were normalizéehttin expression* P < 0.05,

** P < 0.01vs.control group.
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2.2.2 The Effects of Combiationwith OphiobolirO on Mitochondrial Membrane Potental
MCF-7/ADR Cells

We used J€l, whichis a widely used prohd¢o detect the changes of mitochondrial membrane
potential (A@m) [1011]. Treatment withOphiobolinO (0.1 M) or ADM (3 M, 6 M or 9 pM) did
not show a significant decrease ned/green fluorescence ratiddowever, combindon with
OphiobolinO (0.1pM) and ADM (3 M, 6 M or 9 M) caused a significant decreaseried/green
fluorescence ratiowhich indicated that combinéion treatment induced the loss aiitochondrial
membrane potentialin MCF-7/ADR cells suggestinga mitochondrial apoptosis pathway was
activated Figure 2B).

2.2.3 ROSWaslinvolved in Reversal Effect @phiobdin-O

The ROS level was detained by using DCFHDA as a fluorescence protp@2,13. Compared
with OphiobolinrO or ADM treatment groupcombinaton treatment with 0.1 M Ophiobol#D and
ADM (3 pM, 6 M or 9 M) significantly increased ROS level in MGF/ADR cells (* P < 0.05)
(Figure 2C). When pe-treated with ROS inhibitor NAG10 mmol/L), a decrease of apoptogisom
54.00% = 3.21% to 3732%+ 2.25%) was observed, arttie rato of G2/M phasenasalso decreased
from 41.446 + 1.50% to 16.326 + 3.00% (Figure2D,E). Furthermore, lie change of botlapoptosis
and G2/M phaserelated proteirievels were almostreversed by NAC prareatment(Figure 2D,E).
These resultindicated that ROS was involved in reversal effect ©phiobdin-O through cell death
and cell cycle arrest.

2.3.0phioboln-O Decreasd the Expression dfiIDR1 and ADM Accumulation viahibiting the
Activity of the MDR1 Gene Promoter

2.3.1. OphiobolinO Down-RegulatedVIDR1

In order to explore the reversal mechanismQghiobolinO, we treated cells wittD.1 v
OphiobolinO and6.67 M ADM either alone or in combination for 48 h, tleaktime PCRshowed
that MDR1 genewas significantly inhibited by combination witlfDphiobolinrO, andP-glycoprotein
were alsadownregulatedFigure 3A).

2.3.2. OphiobolinO Inhibited Effect of P-GlycoproteinFunction in MCF7/ADR Cells

We used Rhodamine 123 (Rh123), @lffcoproteintransported fluorescent dy® measure the
function of Rglycoprotein in MCF7/ADR cells. The efflux of Rh123 is believénl be proportional to
the level of Pglycoprotein expression and can be reduced igtyPoprotein inhibition [#,15. We
found that the fluorescence intensity of Rh123 in MZADR cells wasabouthalf of that in the
drugsensitive MCF7 cells. And 0.1, 1 or 2 M Ophiobolin-O all significantly ircreased the
fluorescence intensity of Rh123 in MGFADR cells no significant difference was observed between
these groupsindicating even at low concentratio®phiobolinrO can also presennhibition effect
towards Pglycoprotein function (Figre 3B. We further detectedhe intracellular accumulation of
ADM. As show in Figure 3C,accumulation of ADMin MCF-7 cells was approximatelyvo times
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more than that in MCH/ADR cells. After the MCF7/ADR cells were treated witl®.1 v
OphiobolinO, theintracellular accumulation of ADM was markedly increased in MUADR cells.

Figure 3. (A) Western blotting and resiime PCR showed gene and protein expression of
P-gp in MCF7/ADR cells (B) Control cells andMCF-7/ADR cells treated witl®.1, 1 or

2 WM OphiobolinO were collected the mean fluorescence intensity of retained
intracellular Rh123 was examined by measuring wilow cytometry Effect of
OphiobolinO on the intracellular accumulation of ADM in MEFADR was measured by
pretreatment with0.1 pM Ophiobolin-O, and compared with MGF and MCF7/ADR
cells, data were expressed as means +SD of three independent expefimPnts0.05,

** P < 0.01lvs.control group (Con group, the untreated MZIRDR cells) (C) Cells were
co-transfectedwith recombinant vector pGLBasicMDR1 promoter duatreporter gene
assays were performed in-ttansfected cells with or without treatment@phiobolinO
(0.1 M) and the data are expressed as firefly luciferase/renilla luciferdesta are
means +SDfrom triplicate experiments.
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OphiobolinO Inhibitedthe Activity of MDR1 Gene Promoter

To explore the mechanism of resistance to ADM in MGADR cells, MDR1 promoter
recombinant vector pGl-BasicMDR1 promoter, was constructed and its activitiys determined by
vector transient transfection and dual luciferase assay. Followhtigaresfection of the recombinant
vector pGL3basicMDR1 promoer and the control vector pR&V40 into cellsthe MDR1promoter
expression levetiramatically decreased wh treated witld.1 M Ophiobolin-O for 3 h compared to
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control group(Figure 3C). This result indicated that Ophiobold might decrease the expression of
P-gpand ADM accumulation viahibiting the activity of the MDR1 gene promater

2.4. Inhibitory Effects on Tumdérowth of Combined Treatment with Ophiobelinand ADM in
Nude Mice

To determine whether combination treatment inhibits tumor gramtkivo, equal numbers of
MCF-7/ADR cellswere injected subcutaneously (siafo the rightarmpit of sixweek old BALB/c
female athymic mice. Vehiclgeated control mice (1% DMSO) were used as negative control group
to assess effect and toxicity. In this study, we adopted the dose of 5 mg/kg intravenously (i.v.),
according to the preliminary prriments. Compared with the control group, treatment alone or in
combination did not cause sagnificant changen the weight of nude mice~{gure 4B). However,
treatment withOphiobolinO (5 mg/kg) or ADM (5mg/kg) did not significantly inhibit the grovat of
tumors in nude mice; the inhibition percentage of tumor growth relative to the vehicle control were
46.406 £ 5.20% and23.1®%6 + 3.80%, respectively In contrary, tumor growth inhibition in the
combination group was very obvious, and both tumor mass and volume were significantly reduced
(Figure 4G E). Combinedtreatment withOphiobolinO (5 mg/kg) and ADM (5 mg/kg), caused the
tumorinhibition rate innude mice to reach0.7%% + 5.60%.

Figure 4. Effect of OphiobolinO and ADM ontumor growth in a xenograft model
(A) BALB/c female athymic mice were injectedth 5 x10° MCF-7/ADR cells s.c. for the
development of subcutaneous tumane mice were randomized infour groups N = 8)
and treated with Vehicle (1% DMSO), 5 mg/kg ADM or 5 mg@ghiobolinO i.v. alone,
and combination according to the protocol in pgAg| (B) Changes in nude mice weight
(C) Tumor image from various tregaent groups (D) Tumor volume measurements;
(E) Average tumor mass at sacrifice.
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2.5 Discussion

This study is the first evidence to affirm that Ophiobdlirreverses ADM resistange vitro and
in vivo via cell cycle arrest and apoptosis sensitization in MGY¥OR cells. Combination with
OphiobolinO and ADM effectively inhibits MCH/ADR cell growthin vitro by induction of G2/M
phase arrest and cell apoptosis, and inhibits tumor cell growth in a xensgraft model.

OphiobolinO, whichbelongs to the family oDphiobolin,wasfirstly found fromAspergillus ustus
094102 fermentation. Ophiobolin compounds have bepattrum antimicrobial activity, such as
resistance to nematodes, fungi and bacteni@olin-O inhibits the growth of varioutimor cells,
including liver cancer, lung cancer, prostate cancer and breast cancer cells. We previously reported tha
OphiobolinO induced both apoptosis and cell cycle arrest in MGells. It is reported hetbat low
concentration of Ophiobol#® enhanced the effects ADM on the drug resistance of breast cancer
cells, and the possible mechanisms of this effect were examined.

When MCF7/ADR cells were treated with O Ophiobolin-O alone, there was no sifjoant
cell apoptosis or cell cycle arrest. However, when Ophiokliwas combined with different
concentrations oADM, the IG, of ADM in MCF-7/ADR cells decreased from .00 £ 0.18 M to
6.67 £ 0.98 M. Ophiobolin-O significantly reversed the resistenof MCF7/ADR cells toADM.

Tumor transplantation experiments in nude mice also showed that treatment with Oph®@bmiin
ADM alone producedumor inhibition rates of 23.1% + 3.80% and46.40% + 5.20%, respectively.

But combined treatment with Ophiobckd and ADM gave a tumor inhibition rate of

70.7%6 = 5.80%. These results showed a strong reversal eff€cimbined treatment with
OphiobolinO, reversed resistance ADM in human breast cancer caltsvitro andin vivo.

ADM is a widely used clinical @motherapy drug that inducesmor cell apoptosis, but resistance
often occurs in a variety dtimor cells with longterm u® [13,16,17. In this study, ADM did not
significantly induce apoptosis in MCHADR cells, but combined treatment of a low concaidn of
OphiobolinO enhanced apoptosis and induced G2/M phase cell cycle arrest. Combination treatment
also significantly decreased membrane potential and mitochondrial cytochrome C release in



Mar. Drugs2013 11 4579

MCF-7/ADR cells. The expression of babad and other prapoptotic proteins was elevated, and the
expression of the aréipoptotic proteirbcl-2, decreased. Together, these results showed that a low
concentration of Ophiobol® promoted the mitochondrial apoptotic pathway induced by ADM in
MCF-7/ADR cells. Combined treatment with Ophiobelinalso caused changes in cell cyaéated
proteins in MCF7/ADR cells. The expression of several cyclin proteins, includyetin B1, cd2 and

cd25C was down regulated, and cells i@ @hase significantlyncreased after combination treatment.
Combined treatment with Ophiobold also significantly increased ROS in MGFADR cells.
Pretreatment with the ROS inhibitor NAC decreased the effects of the combined therapy on apoptosis
and cell cycle arrest antthe corresponding apoptotic and cell cycle proteins, indicating that ROS
played an important role in the mechanism of effects due to combination treatment.

The generation of drug resistance in breast cancer cells correlates with increased expression o
resistance proteins including MRP, BCRP, andgpP [18/20]. These proteins decrease the
accumulation of ADM in the cells; thereby reducing the effects of ADM. Ophiollreduced the
gene and protein expressions of MRP, BCRP, argp,Pespecially Bp in MCF7/ADR cells.
Reductionof MRP and BCRP were not significant ag)p (data does not show)therwise, ADM and
Rh123 were employed to studygp transport function, since they are gooed@Psubstrates with an
autofluorescencecapacity[21]. Figure 3B indiated thatOphiobolinO, at low concentration, could
enhance the accumulation of intracellular ADM and Rh123. These results demonstrated that the
OphiobolinO could inhibit the transport activity of-§p, and enhance the sensitivityMCF-7/ADR
cells to cyotoxic drugs.Therefore, we concludedDR1 genepromoter, which mediated fp
expression, may be involved in Ophiobelinreversal effectDown-regulation ofP-gp expression
would increase the concentrationsA@M in cells, thereby promoting ADNhducedapoptosis.

All of the above strongly suggests the combination effects of a low concentration of Oph{@bolin
and ADM in MCF7/ADR cells decreased the expressionPadp, increased the concentrations of
ADM, promoted apoptosis and cell cycle arrest indubgdADM and inhibited breast cancer cell
growthin vitro andin vivo. ROS was involved in Ophioboh® reversal effect through mediation of
cell death and cell cycle arre€phiobolinO has an important clinical significance for the mdHig
resistance fotumor therapy; it can be developed into a new reversal agent for cancer chemotherapy

3. Experimental Section
3.1.Compound and CEeCulture

OphiobolinO, which belongs to the family oDphiobolin, is a natural compound that has been
isolated fromAspergillus ustu®94102.The mmpound was dissolved in DMSO with a final DMSO
solution less than 0.1%.

The human breast cancer cell line MZRkvas purchased from the cell library of biochemistry and
cell biology, Chinese Academy of Sciences Instjtat® was cultured in DMEM without phenol red
(containing 10% inactivated fetal bovine serddQ U/mL penicillin and 10Qg/mL streptomycin) A
human breast cancer cell line resistant to AD&Md MCF-7/ADR was purchased from Nanjing
Keygen Biotech and was ciltured in RPMI1640 mediun{containing 10% inactivated nelorn
bovine serum, 100/mL penicillin, 100g/mL streptomycin and 500.000ng/mL ADM). Both cell
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lines were cultured at 3% in a 5% CO;incubator. Cells in logarithmic growth phase were used
in experiments.

3.2.Cell Viability Assay

The cell viability was assayed by MTT[17]. Briefly, cells were harvested during logarithmic
growth phase, and seeded in9éll plates at a density of 2 10° cells/mL, compounds were added to
wells with the varieties of concentrations. Cell survival raf®) = [(treated group with g
A550 1 bl ank( ngergoautpi vA&5 500)n/t r ol group A550 1 b
calculation of 1@y value as follow: Growth inhibition rate of each drug concentratimum (%) =
(1T exper i me ndorrbl O luey aloe I = Ig' fXm T i (xP T 0.5)], Xm: The
maximum concentration of numerical designThe logarithm value of each concentration multiple
proportions concentrationx P: The sum of every group growth inhibition rate; 0.5: Empirical

constantsValues are meansSD from three independent experiments.
3.3.Apoptosis and Cell Cycle Assay

Apoptosis was assessed by labeling cells with annexiHTC and PI[22,23], cells wee then
harvested after treatment. Next, they were washed twice with cold PB&pended in binding buffer
and stained with annexin-FITC and PI solutio(BD Pharmingen). Binding buffer was added, and
cells were analyzed by flow cytomeiffiyACSCalibur,BD Bioscience).

Harvested cells were fixed in 70% ethanohshed with PBS, incubated with RNase and then
stained with PI. The cell cycle phase analysis was performed by using a FACScalibur flow cytometer.
Values are meanssSD from three independeexperiments.

3.4.RealTime PCR

Total RNA was isolated with the TRIzol reagent of TaKaRa RNAisoTM Plus, anB@EH was
performed[24]. The primers were as follows: MDR1 senddp\&A AGG TTC TGG GAA GTC
GC-3Npntisense BAGC ACT GTG TTG GCG TAC AGNGAPDH sens&NAAT GCA TCC TGC
ACC ACC AA-3NjantisenseSNiSTA GCC ATA TTC ATT GTC ATA3NjPrimer synthesis was
performed by Shanghai SANGON Biotech Corp. The data analysis was carried out with the Light
Cycler Software version 3.¥alues are meansSD from three independent experiments.

3.5.Western Blotting Analysis

Cells were lysed in RIPA buffdiSigma Chemical Co., St. Louis, M@SA) and centrifuged for
15min at 4 € ; the supernatant was transferred to a fresh tkbe.western blot analysigqual
amounts of total protein were mixed with SDS sample buffer, incubated & 168 5 min, and
separated bsDSPAGE. After electrophoresigprotein was blotted onto a NC membrgMillipore
Co.,Bedford MA, USA) and blocked for 1h at room temperatltach membrane was incubated with
the appropriate primary antibodies at@ overnight. The blots were alsmcubated with the
appropriate primary antibodies at@ overnight. The blots were incubated with HR¥#®njugated
secondary antibodies forH, washedhree times with PBSTand visualized by Immobilon Western






