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transition, EMT) F13& i 4> J& & A [ ( matrix metallopeptidase, MMP) #H % 43 7 mRNA 7K V- 3R 1L K152 00, WB £ 4 ll EMT K&
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Role of G protein-coupled receptor kinase 3 in the proliferation, migration and
invasion of oral squamous carcinoma cells and its possible mechanism

ZHANG Han, LUO Qinggiong, ZHU Liping, CHEN Fuxiang (Department of Clinical Laboratory, Shanghai Ninth People ’s
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China)

[Abstract] Objective: To investigate the effects of silencing G protein-coupled receptor kinase 3 (GRK3) on the proliferation,
migration and invasion of oral squamous cell carcinoma (OSCC) cells and the possible underlying mechanisms. Methods: GRK3
expression levels in normal oral tissues and OSCC tissues were analyzed using Oncomine database. RNA interference technology was
used to down-regulate GRK3 expression in OSCC cell lines WSU-HN6 and CAL27. The interference efficiency was verified by qPCR.
The effects of knockdown of GRK3 on proliferation and apoptosis of OSCC cells were detected by CCK-8 assay and Flow cytometry,
respectively; the effects on migration and invasion abilities of OSCC cells were determined by Transwell assay; and the effects on
mRNA expression levels of molecules associated with cell cycle, epithelial-mesenchymal transition (EMT), and matrix metallopeptidase
(MMP) were determined by qPCR. The changes in protein levels of molecules associated with EMT and MMP were detected using WB
assay. Results: GRK3 expression level in OSCC tissues was significantly higher than that in normal oral tissues ( P<0.01). After being
transfected with si-GRK3, the mRNA expression of GRK3 in OSCC cells was down-regulated by more than 70%. Silencing GRK3
significantly inhibited the proliferation, migration and invasion of OSCC cells (all P<0.01), but had no significant effect on apoptosis
(P>0.05). After down-regulation of GRK3, the percentage of OSCC cells in GO/G1 phase was significantly increased (P<0.01); the
mRNA expression levels of Cyclin D1, Cyclin D3, CDK2 and CDK4 were decreased (all P<0.05); expression levels of EMT-related
proteins (Vimentin, Zebl and Slug) were decreased, while E-cadherin was increased (all £<0.05); MMP3 and MMP9 were decreased
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(all P<0.05), while MMP2 and MMP7 showed no significant changes (all P>0.05). Conclusion: GRK3 promotes the proliferation of
OSCC cells by regulating cell cycle-related molecules and enhances the migration and invasion through regulating EMT and MMPs.

[Key words] oral squamous cell carcinoma (OSCC); G protein-coupled receptor kinase 3 (GRK3); proliferation; migration; invasion;
epithelial-mesenchymal transition (EMT); matrix metallopeptidase (MMP)
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(1) Gene: GRK3 (ADRBK2); (2) Analysis Type:
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ik 50%~60%., Fi HR % e 1250 15 ] 45 #E 1T siRNA #
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i) siRNA (si-GRK3) ¥4 % OSCC 4l
1.4 CCK-8 &4l 3 % GRK3 2t OSCC 4m fie. 3§ 74
B A1 69 %5 vh
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AR T 96 FLAR (6x10° A~4L) , AR 5 HME
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72 F196 ho BEFLINA 10 pl A CCK-8 ¥k, 4kL:iF
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(D) fH. LA D {HERAMEHHETERE

Cancer vs. Normal Analysis;
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SRR 5%10° N/ml, B 200 pl 4IEERNNA Transwell
2, [\ Transwell T2 HfIA 600 ul 54 10% FBS
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24 h, ML EEN B, 4% 2 TP REE
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FIEA 2 BB T (x100) WA A RE, FEREPLBEH
5ANLEFHEAT I8 . DL si-NC 2H A 40 i B0 AT A
b, THE RS B R 2R AN B O A
1.7 gPCR g% GRK3 2+ OSCC %t GRK3 ik
% ¢a B A 21 . EMT = MMP 48 % % -F mRNA 7K -F
F KRR

OSCC 4 i 4% siRNA 72 h J&, ] TRIzol i 7
2 4 i 5. RNA, Nanodrop 2000 £ il ¥ & F0 4l

JE o R SRR & A i cDNA 5, #% B8 qPCR ik
F & UL F7E ABI 7500 {X 2§ E 34T qPCR J i,
MEARRE 3 AT FL. 5IWFHIIE 1. qPCR KN
2. 95 °C 305,95 C 55, 60 C 34s, 40 P
W, LA GAPDH K2, R 2% I 15T B3R
mRNA AYAHXT kK F.

1.8 WB &4 3L % GRK3 *F OSCC % jt. EMT #=
MMP #8 % 5F & @ KT £ 34 69 %

Bt 72 h 5, RIPA M2 B A,
BCA % AW E . B UkiE EFESFEEN,
% 10% SDS-PAGE, %% PVDF Jii, 5% i g 4~ 4 =
IREA Lh, WA LL 11000 i B AY Vimentin,
E-cadherin, MMP3, MMP9 I GAPDH % (1) — T,
4 CHELK. WHIEPES, MA HRP f3ic 4t
S Pt Bl 1gG (1 : 5000) , FEIRME 1 h, WKL
ECL 5%, H Imagel #4781 5500 B K BE 43 HT o
1.9 %itspam

1.4~1.8 LI ST H A 3 K. R SPSS 19.0
B4y M7, ] GraphPad Prism 6 #4454 1F
BT B R KUx s o, 4R 25 R
MSTAEAR ¢/ 560, LL P<0.05 8% P<0.01 #nERAH
Giitrm X

2 # R

2.1 GRK3 /£ OSCC A2 % 2 5 &k ik

FI ] Oncomine Ui FE i VL4 6 2% A1 (10 B4l 42
(Peng Head-Neck) , ¥4 8 65 22 19 1E % 1 2
Z1H1 57 f5i) OSCC 4l 4, X} H: GRK3 A ) mRNA
221K 7KF (log, median-centered intensity ) #4748 1143
Mro &5 578, GRK3 7E OSCC 441 1) 8 K F
BERETIER DAY (6.336, P<0.01; & 1A) .

x1 5|4F3
Tab.1 Primer sequences
Gene Forward primer (5°-3”) Reverse primer (5°-3°)

Cyclin D1 TCTACACCGACAACTCCATCCG TCTGGCATTTTGGAGAGGAAGTG
Cyclin D3 AGATCAAGCCGCACATGCGGAA ACGCAAGACAGGTAGCGATCCA
CDK2 ATGGATGCCTCTGCTCTCACTG CCCGATGAGAATGGCAGAAAGC
CDK4 CCATCAGCACAGTTCGTGAGGT TCAGTTCGGGATGTGGCACAGA
Vimentin AGGCAAAGCAGGAGTCCACTGA ATCTGGCGTTCCAGGGACTCAT
Zebl GGCATACACCTACTCAACTACGG TGGGCGGTGTAGAATCAGAGTC
E-Cadherin GCCTCCTGAAAAGAGAGTGGAAG TGGCAGTGTCTCTCCAAATCCG
Slug ATCTGCGGCAAGGCGTTTTCCA GAGCCCTCAGATTTGACCTGTC
MMP2 AGCGAGTGGATGCCGCCTTTAA CATTCCAGGCATCTGCGATGAG
MMP3 CACTCACAGACCTGACTCGGTT AAGCAGGATCACAGTTGGCTGG
MMP7 TCGGAGGAGATGCTCACTTCGA GGATCAGAGGAATGTCCCATACC
MMP9 GCCACTACTGTGCCTTTGAGTC GGATCAGAGGAATGTCCCATACC

GAPDH

GTCTCCTCTGACTTCAACAGCG

ACCACCCTGTTGCTGTAGCCAA
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A: The mRNA level of GRK3 in normal oral tissues and OSCC tissues; B: Interference efficiency of GRK3 mRNA expression in OSCC
cells was determined using qPCR; C and D: CCK-8 assay was performed to detect the proliferation of OSCC cells
1 GRK3 7£ OSCC AR HHFRIA R AP GRK3 X OSCC 4 HEETE IR0
Fig.1 The expression level of GRK3 in OSCC tissues and the effect of GRK3 silence on the proliferation of OSCC cells

2.2 3% GRK3 #p4) OSCC %mfie o) 38 58 4t
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40 i () GRK3 mRNA 2 3k 7K F 2 i % T si-NC
H, Tk 70% LI E (=15.44, 11.14, 1 P<0.01;
& 1B) , WYL siRNA J5 © %2 B % GRK3 %
ik, CCK-8 SLI4E R (] 1C, D) /R, si-GRK3 4]
WSU-HN6 Fll CAL27 4l A FEBE 1 A 27 48 h 2y

WSU-HN6

si-NC

Migration

Invasion

HEALT si-NC 4 (£,4,=22.64.9.159, ¥ P<0.01; #,,=
20.70.13.70, ¥ P<0.01; #,,=13.01.9.004, 3] P<0.01).
2.3 B M GRK3 47 #] OSCC %t 44 it # A0 13 %

Transwell 25 46 245 5 (K 2) I 78, si-GRK3 4
WSU-HNG6 Fl CAL27 40 ifd () 1L #% (#=13.01, 14.86,
1 P<0.01) Fl{222 (+=10.94, 13.76, 4 P<0.01) it /1
P8 LT si-NC 4.,

1.2 Migration
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WSU-HN6 CAL27
= si-NC = si-GRK3

12 Invasion

mber (Change fold)
=

=]
3 WSU-HN6 CAL27
' Osi-NC mmsi-GRK3

"P<0.01 vs si-NC group
A: Migration ability of OSCC cells (x100); B: Invasion ability of OSCC cells (x100)
2 AP GRK3 3f OSCC AAIEHFEZEAE SN
Fig.2 The effects of migration knocking down GRK3 on the and invasion abilities of OSCC cells
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EAGE: )

it 220 AR ) 9 T SR B A5 R (1] 3A) R,
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it 2240 A A 00 40 e R B 25 2R (] 3B) U,
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ALl %2 si-NC 2 8 2715 (1=5.799, P<0.01) .

qPCR 6 U 45 S (& 3C) &7~ , si-GRK3 41
WSU-HNG6 4il il "' Cyclin D1, Cyclin D3, CDK2 £/
CDK4 £ ) mRNA ik K-35 E KT si-NC 41
(£=5.799. 8.603. 6.477. 4.549, 4 P<0.05) .

DL bS5 S5, B % GRK3 1l 20 OSCC 41
A JE 491 BH ¥ T GO/G1 3, {H R 520 OSCC 41 g 1)
T,
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10¢ e 10¢ | i S
_ | ' 10° E
=9 o,
102 10 2
1.4 5
109329 | 1.79% lOI'91|.7% 2.23%
1 2 3 4 S 1 2 3 4 S
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Annexin V-APC
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si-NC si-GRK3

si-NC si-GRK3

0
si-NC si-GRK3 si-NC si-GRK3

"P<0.05, "P<0.01 vs si-NC group
A: The apoptosis rate of WSU-HNG6 cells; B: The percentage of WSU-HNG6 cells at different phases of the cell cycle;
C: The mRNA levels of molecules associated with cell cycle in WSU-HNG6 cells
[ 3 &P GRK3 X OSCC 48AE T Fn 48 B FE HA B #
Fig.3 The effects of knocking down GRK3 on the apoptosis and cell cycle of OSCC cells
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o F KRG

qPCR 455 (K] 4A. B) R, 5 si-NC 44
kv, si-GRK3 20 WSU-HNG6 4 fifi Vimentin, Zeb-1 £l
Slug mRNA 3% ik 7K F i 2 FE K (=4.468. 6.092,
8.215, ¥J P<0.05) , ifii E-Cadherin mRNA % ik 7K F
i E T (=8.265, P<0.05), [ali} MMP3 F1 MMP9
mRNA % ik K F I 2 B K (5914, 9.622,

P<0.05) , 1fii MMP2 F1 MMP7 mRNA 1335 7K T
B 754k (.= 0.1070 . 1.080, ¥J P>0.05) ,

WB Kz (6 4C) R, si-GRK3 41 WSU-HN6
40 Bl th Vimentin A9 22 35 7K 48 si-NC 41 18 2 [ AIG
(=3.721, P<0.05) , E-Cadherin ik 7K V- i 2 &5
(=7.687, P<0.01), MMP3 FIl MMP9 %k /K -1 i
FREAR (=4.965. 8.173, ¥ P<0.01) .
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"P<0.05, "P<0.01 vs si-NC group
A: The mRNA levels of EMT-associated molecules in WSU-HNG6 cells; B: The mRNA levels of MMPs in
WSU-HNG6 cells; C: The protein levels of molecules associated with EMT and MMPs in WSU-HNG6 cells
4 B GRK3 Xt OSCC 4l EMT 5 MMP #8343 FRiE R 2200
Fig.4 The effects of knocking down GRK3 on the expression levels of molecules associated with EMT and MMPs in OSCC cells
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MMP #y ik, I T GRK3 52 OSCC 4 fifl
EAEE AT AT BERILA

GRK3 7E 25 e vh S 2R3k, AR k45 o
21 e 3 O R LR T AR AE R R, GRK3
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G1 Wi S WIEAR . G1 I S 5 75 2 4 it J 440
M CHERATT, UEA S WIS AiHE 4R & ) DNA, A
22y 2344 . Cyclin D1 5 CDK4 I E &Y, %
AT BER AL AR S Rb 3%, M fE ik
G1 1 S #4475 1 DNA 4 ", Cyclin D1-CDK4
A WA AT LUTE Cyclin E-CDK2 2 5%, 41 i
HEA S I Cyclin D3 H7] 5 CDK4 &5 &4,
PEHE G1 I S WG ART Rk, AHFSE 45 4R,
GRK3 #]3# 1 4% Cyclin D Al CDK 43 £ OSCC
NHE G1 I S WA, DT {2 ik 41 A S 5

GRK3 7 Hi 51 i i v b J v R 4 B A .
PR AP Sz 25 BB, GRK3 X BT 51 598 41 i 1) 5 7%
ey TCRE N, (AR /N BRI IR A A T g 2 i HL e
AL RE F7, HMLH R GRK3 AT 3 1o 3100 ) i /N 52
J% 2 4 1 (thrombospondin-1,TSP1) fi& ¥ 1M 45 #r A=,
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SRR, AW EE R B, mi GRK3 Al i)
il OSCC 4Hi M i E 7S IR 2218 J1 . EMT 2 Mg 4
JLE B 1 OGS BR, ARIF SR R B, AFE GRK3 A 411
il OSCC 4 s EMT #H 3¢ /3 ¥ Vimentin, Zebl I
Slug A9 %1k, fi£ 7 E-Cadherin FY 33X, Vimentin J&
— 4 B R 4R K 4y, B AR IR AR 1) R 40 A
E-Cadherin 57 [ 2204, AN )4z, {6 L
MM K AR . IR AN &2 A EMT B, Vimentin
Fik Tt . E-cadherin 35 FEAIK | 41 M 3T 5 BE 1 44
U, Zebl M Slug )8 T48E48 5 2855 5 K 7,
Wi 3 ) E-Cadherin %4 5% R H 5 KF, ¢
#E EMT g2 U5 DR pe 4, GRK3 w38 i i 4%
EMT &t 242 i OSCC 4 ik #% . i 248 i 1] 32 By
SERS I TR ZERE IR T B ) AR B AP T, MMIP 7R i
HORIE AR . MMP ] [ i L 2 1 R )2
R 3% B A 2 e 2R 1 S A AL TS R 4, A2
JifrJes 20 M A 28 Fn G B o AR R 45 R o, R
GRK3 A i 3 4 %] OSCC 4 it o MMP3 #1 MMP9
BRIk, 7~ GRK3 1] e 1 P53 MMP /) %512
HE OSCC iz ZE.

2% LRk, GRK3 7E OSCC ZH4U P S m 3Rk, 7]
PR G S W% AR {2 3 OSCC 4H 1 58 ,
I 0] 38 4 M 45 EMT F1 MMP {2 3 40 j 1 5% #i 2
7. AW BT GRK3 7E OSCC Wk h
AR B T REMLA, (EAFAE A L 2 Ak, 78 5 &2
R el — R R GRK3 A 1058 A 3% iy B A4k
S FHLEL, R S R A T B0 UE . A T DA
WoEL//R=pidSE Wy SW = R TR E WA ik 2 !k B i 4
T MR6I7 R ARHFSE i GRK3 nl gk
OSCC IRYT 25 Ve FHE S AR 1L T 52 B4R A
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