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[Abstract] Objective This study aims to investigate the effect of RhoE expression on the migration and invasion of
tongue squamous cell carcinoma (TSCC). Methods Forty-eight TSCC cases were selected from the Maxillofacial Sur-
gery Center of Qingdao Municipal Hospital from 2017 to 2019. The expression of RhoE in the specimens (TSCC and ad-

jacent tissues) was detected by immunohistochemistry,

[YFE B ER] 2020-12-10; [MEEIBHA] 2021-06-28 and RhoE mRNA and protein were extracted to further
(EEWE] HRARFF S EIH (81372908) detect the expression of RhoE. SCC-4 and CAL-27 cells
[fEE&EA &IF, Wi+, E-mail: 1142083797@qq.com
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com tion was used to overexpress RhoE. Real-time fluores-

were selected for in vitro experiments. Transient transfec-
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cence quantitative PCR (qRT-PCR) and Western blot analyses were conducted to detect the overexpression efficiency.

Scratch test and Transwell cell invasion tests were used to detect the migration and invasion ability of TSCC, respective-

ly. The expression levels of Rho-associated coiled-coil-containing protein kinase 1 (ROCK1), matrix metalloproteinase-2

(MMP-2), and matrix metalloproteinase-9 (MMP-9) were detected by Western blot. Experimental data were analyzed by

Graphpad prism 8.2.1 software. Results The expression level of RhoE in TSCC was significantly lower than that in ad-

jacent tissues (P<0.05). The migration and invasion abilities of TSCC were significantly lower than those in the control

group (P<0.05). The Western blot showed significantly lower expression levels of ROCK1, MMP-2, and MMP-9 in the

experimental group than in the control group (P<0.05). Conclusion RhoE expression is low in TSCC. Over expression

RhoE in TSCC can significantly decrease its migration and invasion abilities. Hence, RhoE may play an important role in

regulating the metastasis and invasion of TSCC and provide a new target for gene therapy.
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Fig 1 Immunohistochemical staining results of RhoE in TSCC, paracancerous tissue and positive control
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Fig 4 Results of scratch test
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Fig 5 Statistical chart of relative healing area

o NN
' g # g

b CAL-2740M1; F: SCC-44uf. 7. h, AanERA EX AL, IR IR T FRaR Rl .

TR R AR WS Tt

Kl 6 Transwell {27250 45 7

Fig 6 Results of Transwell invasion experiment
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Fig 8 Electrophoretogram of MMP-9, MMP-2 and ROCK1

i 98 1 Jm 0 A 2 R B A% S 5% ) T 1) 32 1A
%, RhoE fERIE MM 1248 . SR pil — e 1k
., Belgiovine %" T sh ¥ 556 & BE, RhoE i
FEIRREAR T I 20 M ) R 28 PR MG RS T B . H AT,
RhoE 7 TSCC HE I st i /b . RSz, B
PEXF IR 525 UG IRZH TSCC MR 28 . % hE
Jo W FE M, 7E RhoE #f Fik w2l H, SCC-4,
CAL-27 20 Ml i (= 28 e J1 Y FEAIK, #EDN RhoE |3
Al RESs NI TSCC i iR 28 . SR HE ). A Bt
FEUSPONIEST, JRAAE AN RhoA . ROCKI & Kk 4
TR B R, BOMGEREE . ARSCE, RhoE
i IR SR 41 th TSCC 4 i i) ROCK 1 2 £ ik T
F%, $&7K RhoE A AE i i #44% ROCK 1 #k— A 52 iy
TSCC A e 1228 . % . ROCKI1 =5 T Wl
A SRR, LB R A M A B A R
MEAYER4Y, G Rho GTP i A K520 ROCK 1 15 5
e, W TS E H RIS
W 1 40 ML iz 3 KB gV, #E TSCC ', RhoE X}
ROCK1 19 5% i 1] 5 J2 i 2 15 BT RhoA Sk SE LAY .
RhoE /& RhoA [W###t & 1, RhoE 5 ROCKI1 3E4E
5405, W T RhoA-ROCK 15 S WLSH AR 11141
JIEFYE, R AR A A (R ZE RN R

Ja I AN M55 AL W1 LIAREHE Sk 200 i DA kot v
IR A AN L, 2530 4 A A0 3 o 1 A Il A4S %
WRELEE, AR e ki I v A . MMP K% fig
% 5 ik 240 L A 6 I, G e B g 2 40 L 4/ L S5 R

FECREE IV 7Y fig J5E g o — R g, 322253 MMIP-
2 I MMP-9 W2 AP FE 5 R 1 3k 7 1) i 0 5 )=
Y, @K RhoE & H, MMP-2 J2 MMP-9 1Y 3
KY TR, AT RS RE AR, i 263K RhoE 7%
FI M S &5 R, 7 E g Al P i %35 RhoE 2R H
[ AL WL 5] MMP-2, MMP-9 FEAERY, 7 5216 3 i
i U RhoE i 3% 35 52 % 41 CAL-27. SCC-4 4f Jig
MMP-2, MMP-9 BAHXT Rk R, 54 A 400
()25 (0 BEZH R PR X FEZH AR EE . RhoE i ik 40
MIMMP-2, MMP-9 iyRiA3Z2 38 736, JfF HiE
R NRE, mULnT L, HEANIE T, RhoE ] AEiE
i ¥ MMP-2, MMP-9 3E 1117 52 i) 92 JiE 41 i ) 75
. MMP-2, MMP-9 HA5 (&4 fafh 3L it . fid ik
DAL Bz 200 it 34 3 % A BHT R B AN LA S T RE, B
52 TSCC H MMP-2 J2 MMP-9 = 3 ik 5 iy s 1 7
JEIEAHSG, REMEARTUS MR EY .. ARSI
FIAAE9E &2 B, RhoA T &4 MMP-2 &2 MMP-9
F35, % JE % RhoE XF RhoA M5 Hi/EH , e
RhoE X MMP-2 5 MMP-9 fi4 8 55 #8734 461 T~ RhoA
SIS B A S LT 4R . SR 1 RhoE 4 S
EIE A0 L B R — N AR AR AR AT, AT e
FELEHAL IR T iB 4R, AR FE—a5e.,

AW BFFE T RhoE 7E TSCC 21 fitg v (1) 35
ik DL K %t R i MMP-2. MMP-9 }2 ROCK 1 i B 1
P AT TS A 40K L, RhoE 7E TSCC 3%
KT, _LiH RhoE E ik ROCK1, MMP-2,
MMP-9 {35 I S8 TSCC AT # . RN
()R R . 7S S50 3 33 % RhoE 3k % TSCC 41 Jfd i)
=278 IERAEBIWEGE, A OCHE ) 254 1 iiF 5%
PEHL TR Y L

AP REW: EHBPRARLIAFEF R

(5% 3]

[1]  Feng Z, Xu QS, Qin LZ, et al. Predicting radiotherapy
necessity in tongue cancer using lymph node yield[J]. J
Oral Maxillofac Surg, 2017, 75(5): 1062-1070.

(21 PV/INHE, DU, BRIE, 4. 5 2 A6 T 07 U Ik R
JERRLER)]. Hh B A R 2R, 2018, 46(1): 16-19.
Sun XY, Yan HX, He S, et al. The comparison of the
clinical curative effect of various treatments for tongue
carcinoma[J]. Med Sci J Central South Chin, 2018, 46
(1): 16-19.

[3] Wherlock M, Mellor H. The Rho GTPase family: a Racs
to Wrchs story[J]. J Cell Sci, 2002, 115(Pt 2): 239-240.



AT 55 RhoE £E T bR A0 ML v 1 38 02 K x4 i 7T 58 A2 2 1A 52

* 517

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Burridge K, Wennerberg K. Rho and Rac take center
stage[J]. Cell, 2004, 116(2): 167-179.

Garavini H, Riento K, Phelan JP, et al. Crystal structure
of the core domain of RhoE/Rnd3: a constitutively acti-
vated small G protein[J]. Biochemistry, 2002, 41(20):
6303-6310.

Basbous S, Azzarelli R, Pacary E, et al. Pathophysiologi-
cal functions of Rnd proteins[J]. Small GTPases, 2020:
1-22.

Paysan L, Piquet L, Saltel F, et al. Rnd3 in cancer: a re-
view of the evidence for tumor promoter or suppressor
[J]. Mol Cancer Res, 2016, 14(11): 1033-1044.

Riou P, Villalonga P, Ridley AJ. Rnd proteins: multifunc-
tional regulators of the cytoskeleton and cell cycle pro-
gression[J]. Bioessays, 2010, 32(11): 986-992.

VER T, 4 30 . S ie U027 S N 45 R 04 4 1 o o
1. T RS, 1996, 6(4): 229-231.

Xu LZ, Yang WT. Criteria for judging the results of im-
munohistochemistry reaction[J]. Chin Oncol, 1996, 6(4):
229-231.

Foster R, Hu KQ, Lu Y, et al. Identification of a novel
human Rho protein with unusual properties: GTPase de-
ficiency and in vivo farnesylation[J]. Mol Cell Biol, 1996,
16(6): 2689-2699.

Hernandez-Sanchez M, Poch E, Guasch RM, et al. RhoE
is required for contact inhibition and negatively regulates
tumor initiation and progression[J]. Oncotarget, 2015, 6
(19): 17479-17490.

Bektic J, Pfeil K, Berger AP, et al. Small G-protein
RhoE is underexpressed in prostate cancer and induces
cell cycle arrest and apoptosis[J]. Prostate, 2005, 64(4):
332-340.

Raz DJ, Ray MR, Kim JY, et al. A multigene assay is prog-
nostic of survival in patients with early-stage lung adeno-
carcinoma[J]. Clin Cancer Res, 2008, 14(17): 5565-5570.
Zhao H, Yang J, Fan T, et al. RhoE functions as a tumor
suppressor in esophageal squamous cell carcinoma and
modulates the PTEN/PI3K/Akt signaling pathway[J]. Tu-
mour Biol, 2012, 33(5): 1363-1374.

Ma W, Wong CC, Tung EK, et al. RhoE is frequently
down-regulated in hepatocellular carcinoma (HCC) and
suppresses HCC invasion through antagonizing the Rho/
Rho-kinase/myosin phosphatase target pathway[J]. Hep-
atology, 2013, 57(1): 152-161.

Feng B, Li K, Zhong H, et al. RhoE promotes metastasis

[17]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

in gastric cancer through a mechanism dependent on en-
hanced expression of CXCR4[J]. PLoS One, 2013, 8
(11): e81709.

Belgiovine C, Frapolli R, Bonezzi K, et al. Reduced ex-
pression of the ROCK inhibitor Rnd3 is associated with
increased invasiveness and metastatic potential in mesen-
chymal tumor cells[J]. PLoS One, 2010, 5(11): e14154.
Nishizawa T, Nakano K, Harada A, et al. DGC-specific
RHOA mutations maintained cancer cell survival and
promoted cell migration via ROCK inactivation[J]. On-
cotarget, 2018, 9(33): 23198-23207.

Shao Y, Tong Z, Wei J, et al. LncRNA-zinc finger pro-
tein 281 downregulates rho-associated coiled-coil con-
taining protein kinase 1 by upregulating miR-144 in os-
teosarcoma[J]. Oncol Lett, 2020, 20(4): 79.

Jiang Y, Hong D, Lou Z, et al. Lupeol inhibits migration
and invasion of colorectal cancer cells by suppressing
RhoA-ROCKI1 signaling pathway[J]. Naunyn Schmiede-
bergs Arch Pharmacol, 2020, 393(11): 2185-2196.

Piquet L, Robbe T, Neaud V, et al. Rnd3/RhoE expres-
sion is regulated by G-actin through MKL1-SRF signal-
ing pathway[J]. Exp Cell Res, 2018, 370(2): 227-236.
Riento K, Ridley AJ. Inhibition of ROCK by RhoE[J].
Methods Enzymol, 2006, 406: 533-541.

Nishizuka M, Komada R, Imagawa M. Knockdown of
RhoE expression enhances TGF-B-induced EMT (epithe-
lial-to-mesenchymal transition) in cervical cancer HeLa
cells[J]. Int J Mol Sci, 2019, 20(19): 4697.

Wi, 2555, S, 5. F SRR 40 9 o MMP9, CD-
44v6 ik B FE ST, R, 2005, 14(11): 747-750.
Liu H, Li X, Wu Q, et al. The expression of matrix me-
talloproteinase-9 and CD44 splice variant 6 in oral squa-
mous cell carcinoma and its significance[J]. Chin Can-
cer, 2005,14(11): 747-750.

Ma XL, Li X, Tian FJ, et al. Upregulation of RND3 af-
fects trophoblast proliferation, apoptosis, and migration
at the maternal-fetal interface[J]. Front Cell Dev Biol,
2020, 8: 153.

Zhou J, Li K, Gu Y, et al. Transcriptional up-regulation
of RhoE by hypoxia-inducible factor (HIF)-1 promotes
epithelial to mesenchymal transition of gastric cancer
cells during hypoxia[J]. Biochem Biophys Res Commun,
2011, 415(2): 348-354.

(A K TAH)





