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[FHE] BH WFREEERILETZ K2 (tyrosine kinase receptor 2, Tie2) 7E I i IR 41 i1 38 (oral squamous cell
carcinoma, OSCC) H A AT Il S HXF 4R MU 367 | 3285 e b Bz - 18] 78 5% 1k (epithelial-mesenchymal transition, EMT) i 2
B, ik RAREA 21 (immunohistochemistry, THC) ¥l Tie2 /£ OSCCA 41 5 1E # M B FH A1 U il ik .
Western blotkill DOK 4 Al &% OSCCHH A H Tie2 i) ik, I Tie2 i R B A BMRAE Jr 2 Ba bk o A TTRR Tie Py 1494 T 38 AR B
Ukt e 2 SCI MR TS 825550 . CCK-8 M S B IS S Aol 4 ARG 78 . S RAEhE 775 4 MU0 A0 Transwell S5 5460 248 A T
FERE 75 OB IR A 0 ARG I 20 0 - B £ 22 R L3 B 14 (F-actin) SEYARE f1 K 1 B2 55%6 25 (E-cadherin) | #1482 85%6 28 (N-
cadherin) 1735 ; Western bloti M EMTAH 45 i 14 & [ E-cadherin. N-cadherin. J¥FE 8 [ (vimentin) 2615 DL KR FI4
fifiB(protein kinase B, AKT) , ifi#M5 5 J#77 1% (extracellular signal-regulated kinase, ERK) iy 3%k, Z5R THCHHR BIR:
OSCCH Tie2 [ % (74.5% ) i T3 IR 2H (19.4% ) (P<0.0001) . SDOKZANEAH LY, Tie27EHSC-4 K SCC-oAM Mtk 2 I miKik,
15975 7 sShRNA- 16221 TSR SR b, VR0 SCB0 A1 R P F IR 225050 . SXT HRALAH Lh, SO 2 40 i B . vl Bk A5 fig
W] b BAAIG, 20 B ZEF-actin (A 5 0 B2 FAAIX, 4 T 2% 220K O R B vk . K BE AR 475 E-cadherin Y334 W] W48 i, N-
cadherin, vimentinf{ ik ] K. p-AKT M p-ERKZE 58K, AKT M ERKZE I, & Tieafr KE4L
OSCCH B 4 1k, YUK Tie2 RE i V42 AKT S ERKAS 538 i i ] OSCCAN NI A v HEE RS E Ty, 1M F-actin L 9, e L
EMTHIAREVEE F1HIRIE, f27R Tie2 I fE2:5 T OSCCHIZE K, 688 MEMTI 2.
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[ Abstract] Objective To study the expression of tyrosine kinase receptor 2 (Tie2) in oral squamous cell
carcinoma (OSCC) and its effect on cell proliferation and migration and the epithelial-mesenchymal transition (EMT)
process. Methods Immunohistochemistry (IHC) tests were conducted to examine the expression of Tie2 in OSCC
tissues and normal oral mucosa tissues. Western blot was performed to examine the expression of Tie2 in dysplastic oral
keratinocyte (DOK) cell line and OSCC cell lines, and the cell line with high Tie2 expression was selected as the
experimental cell line. The Tie2-silenced lentiviral vector was successfully transfected onto the experimental cell line for
subsequent experiments. Cell proliferation and cloning abilities were examined with CCK-8 and clone formation assays.
Cell migration ability was examined with scratch and Transwell assays. The remodeling ability of cytoskeletal F-actin and
the expressions of E-cadherin and N-cadherin were examined with confocal laser scanning microscope. Western blot was
performed to examine the expression of EMT-related signature proteins, including E-cadherin, N-cadherin, and vimentin,
and the expression of the protein kinase B (AKT) and extracellular signal-regulated kinase (ERK). Results THC results
showed that the Tie2-positive rate of the OSCC group (74.5%) was significantly higher than that of the control group
(19.4%) (P<0.0001). The expression of Tie2 was higher in HSC-4 and SCC-9 cell lines compared to that in DOK cells. The
lentiviral sShRNA-162 group showed the best silencing effect, which was used as the experimental group and applied in
subsequent experiments. Compared with those of the control group, the proliferation, cloning and migration capacities of
the cells of the experimental group were significantly reduced. Furthermore, the green fluorescence intensity of the
cytoskeleton F-actin was reduced, the number of filamentous pseudopods at the leading edge of the cells decreased and
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their length was shortened, and the expression of E-cadherin was significantly increased, while the expression of N-

cadherin and vimentin was significantly reduced in the experimental group in comparison with those of the control

group. The expression of p-AKT and p-ERK proteins decreased, while AKT and ERK protein expression increased.

Conclusion Tie2 was highly expressed in most OSCC cells. Silencing Tie2 can inhibit the proliferation, cloning, and

migration ability of OSCC cells, inhibit F-actin remodeling, and alter the expression of its EMT-related signature proteins

by regulating AKT and ERK signaling pathway, which suggests that Tie2 may be involved in the growth, metastasis and

EMT process of OSCC.
[ Key words] Tie2

Epithelial mesenchymal transition

1 gk 41 i1 9% (oral squamonus cell carcinoma,
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OSCCH I Tie2 R IBKF, I FHRNATEEABFFEILE
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PR AR B DS (HEHES 20194553285 ), BT A %
YIS R . N FE R B 22 20 i (DOK) Bz 111 Js i
FEAMKERHSC-4, SCC-9. Cal-27. HSC-3H PUJI| K2 H i
PRI RIS ) G A ST 2 A
1.2 FEHBFIRF

BRI Tie-2 e BEHUAR CERME AT PO A R A
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Oralsquamouscell carcinoma ERK AKT

Proliferation Migration

AR, D), £F 22 R U3hH H (F-actin) (Abcam, 38
[#), ProLong Gold Antifade Reagent with DAPI, & [/
B(protein kinase B, AKT)HTi&, p-AKTHUA, HioM5F 514
7 181 (extracellular signal-regulated kinase, ERK)JL/%, p-
ERKHL{AK (Cell Signaling Technology, £ ), 4 7F FH#ZH
R & (R ERHCA R A H], JEat), Cell Counting Kit-
SN & (BB A BR/A ], L), TranswellVE
(Coring, ), MZ 5% % (N-cadherin) HL 14 (Affinity,
W), bR 855 % (E-cadherin) Fi A (Affinity, TP ), 3
JE 2 A (vimentin) HT{AK (Affinity, H1[E ) .

1.3 KBHE

1.3.1 REALAF (THC) AMOSCCHEF 1 A2 451
MR T Tie2t KL B LW AR HGESY) 7, il K
b, PIEAE A, 3% FA SRH T, LU= 05 B P, m—4it
(1:100),4 CUKFEREA . PBSHITE, WA — 4T, 1EH
1 h, PBSHPYE, DABW (4, JRANTHT 4, TR AG 1k, i
IR, AR IR, WA . AR I Y € 3 R PH: 248 L L £57)
FlE g R,

1.3.2 shRNAAFRMEG SR HPINCBLAY Tie2kk
T3, Wit G U X Tie2 93 55 S AL 0 5 T 407 91
Tie2-shRNA-161, 162, 163; [AIAF & 1A A SHEAT
BEILFA (g B HEXT BT 51: sShRNA-429, HRABEE LB W)
FHEA R A4S T TP %08, R 1,

F1 MW GEhRNAF S
Table 1 Four double-stranded shRNA sequences

Gene Sequence
Tie2-shRNA-161 5-TGGGTGACATTTGGGAGACAT-3'
Tie2-shRNA-162 5'-GCTACCTACTAATGAAGAAAT-3'
5'-CCCACTCCAATTTGACCCATA-3'
5'-TTCTCCGAACGTGTCACGTTT-3'

Tie2-shRNA-163
Negative-shRNA-429

1.3.3 BmAastE  JHSC-4MISCC-9Zi( Tie2 i Zik 4
JUBR ) L% BE A 4x10* mL - 3Rl TefLAR P, i ad FlSL 5,
0 5 e e B 35 451 I MOT=60., I A BT 5 45 i M By 4
), B 2y72 WG 90 WA N SR IEEFRIBEN, INA
Ve R 2.5 png/mLAY RN 55 R R v 20 MU bk, B 37 9¢
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O W BRUBE B G S SR A 9O T AR S A — B
80% /e A, W B L)

1.3.4 CCK-8#mamfeigsabe ) HSC-4HISCC-94H I
57 RSB 4 shRNA-162F1 %] R ZH shRNA-429 . 852 41l ifg
B R 2x10° mL, JITA96FLAR (100 pL/FL) rhEE 3%,
FEAFIBI A (1, 2, 3, 4, 5d) LA 10 uL CCKS8# R T4
LN, B 572 h, BEFRUIN E 492 nmAh 1) )6% 1 (optical
density, OD){H, Z: il 34 FE 2

1.3.5 LT AR 5L A 4 0 AT A B ) A4
[F]1.3.4. %800 g/ LAY 4 AL A HE AN 25 cm lILH, B5 57
208, B2 ~ 3 AU HRIEFRIE, TR A A T I S R AT, SRR
T, AT BRI 4% 22 3R WP IE ] 22 20 min, 0.2%25 it 58
15 min, PEEYLOM, T4, TN M vE BT A O,
DL HEOE IR i, Ber-241E .

1.3.6 et s MR 1.3.4,
P A R, SR B IR T 04 200 3% S B A e )
AR B2, K T T 4 1) A B R WD T 6 FL AR, B AL A
0.1 mL}FFRIE, BB & 1AL, 4w, b
0.1 mLIFFRIE, dhLlbh R, WA AN M se RIS 0 . A1
I AL B A AR VR AL, SEREIE R = v R A -4
A K% 100%

1.3.7 @fRXVRFEIAM @iRiE Zh 4 S AirdA134.
H49% B 3% 10° mL YL ERHFD T 6fLAR H, 15 F%24 h,
DAEE B TR 1l A — 58 BE 5T R, PBSTRTE3IR,
B TSR0 h, 48 h), SREEKIG . 45 FImage
TR A A R B AT G T4 b -

1.3.8 Transwellde @it #4566 5 M4 4LIF1.3.4.
AN BE R 1.0x10° mL ™ A9 100 pLAH LSRN A T4 1
Transwell [ ZEH, FEMA600 uLFE LR FRIEE, MFF 48 he
W s T MR, PBSYE3 . AR SN - % 41 a2
e, T2 B 5 20 min, 0.1%45 5454 (5,15 ~ 20 min.,
PBSE b}, WA PSS . TR R T B L
TR AMES, e 50 RLET, HUAMA

1.3.9 MU R A A4 N 48 it E-cadherin.  N-cadherin
Faf RF-actinZ #4014 R 1.3.4. K E-cadherin
FIN-cadheringéik: DREE . FHEF/INOEUH S5 A
FUMR H (TR X A A T S5 R R M ), T A PBS T
PRI 21K, INAARFR > H R 4% 22 B 388G %] 52 20 min.
QF M. FRLZEWE, N APBSTHUE3x5 min, H&
1%Triton-100/95%BSA (FHPBSH i ) ¥4 Wi % i 3 4]
30 min, @—PWHE . 7+ LB, BERIE A A &
1%Triton X-100/91%BSA (FHPBSYA i ) ¥ W i T 1) — Pt
(E-cadherin, N-cadherin) (1 : 100), it ATRA4 Cidik .

@ PUE . WA FHPBSHEYE3x5 min, A
1%BSA (& 1%Triton X-100) %A B 058 — 9t
(1:100), ##H37 CHFE1 he

Rl B RF-actingE ¥ DA B YL (o, By ikt
J6451F F FHPBSIE BE3%5 min, fA30 uLE B F-actin
(MeFE: 100 nmol/L), AR £ = IR 30 min, @DAPI
et BUERIE R BHEAME T FHPBSTEYE3x5 min, B30 uL
DAPI Tk v b, WU K 818 T2 1,
JEE I FRE 15 min, @ . AR PR R — 248 B
B OGRS Y O A R, T R T
AR 2R R AL, HEHEZ301 A0, (A
1.3.10 Western blot K Western blotf il Tie2 = ik
YRR, [ AG I TER Tie2 & K J5 EMTAH AR i tE 2
FIAKT . ERKZE B35 (A3 20 R 1.3.4) o AR ANH]
Ab PR A0 L, A $E T G A A A B SRR A R O
0.1% 1) 25 FH A #1771, 0.5% 24 H SER Ik 360 (PMSF), 1%
FR BB I JCE TUK B 5853 %46#, 4 “C7F12 000 r/minf
210 min, /NI EHAIEPE Y, [ HIBCAIKHI &
5 2R R B DR PR AR 1l A HEAS . L SDS-PAGEH
VK, R LM (PVDF) JEAL B, 5% iig 4= 53 (TBSTH i)
B he B PSR E BCGH AR, FHTBSTPE3%5 min
(90 r/min) 3 HIMIAL = 1000% B4 Tie2 . $LE-cadherin,
$TN-cadherin, fiivimentin, HTAKT, #ip-AKT. HLERK,
Hip-ERK ., Hip-actinBifh, 4 CHEPRBIFE (90 r/min)
B 0 3 2 2 A B, TBSTE 3% 10 min(90 r/min) J5, Jil
AS5%BRE A DR B0 LD P —Hi (1 : 2000) . FEHLR
THi(1:2000), FRWF2 h, BELSAE, BUH B
TBSTiE#E3x10 min(90 r/min) . JECLA Gk o (4,
Chemidoc XRSKAEE4 . Tmage GHAF /T 55 IK FEAH,
PLH B ZH5 IR BEAR 5 N2 (B-actin) 55 IR AR A4 LLAELAR
hy H R AR R A o
1.4 ZitFEH*E

B x £ s . KA, a=0.05,

2 #R

2.1 Tie-27EOSCCRIEE OBRFRALHHRIEXERL
THCZE H (#11) /R 7E1570SCChRA Y, Tie2 A
RA74.5%(117/157) o T IEH LA AT RIE %0 19.4%
(6/31), OSCCZ Tie-2/BH: 2% = T 1E 8 ifls4H (P<0.0001)
2.2 DOK#ARE K 4% O Bz 8445 40 B ik Hh Tie2 M R X B R
Western blot# # i 7r (F2) : Tie2 7EDOKAH iy M 4Fh
OSCCHI MUtk h ¥4 T ik, AH L DOK4H fifl, HSC-4+h
Tie2(’) ik K e 5 (5.608+0.246 ) , HKJ&ESCC-9, Tie2
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B 1 OSCCAL (A) FEFORFIRAL (B) d Tie2lREAL L
BLER, x100

Fig 1 Immunohistochemical staining results for Tie2 in OSCC tissues
(A) and normal mucosal tissues (B). x100

DOK HSC-4 SCC-9 Cal-27 HSC-3

3 - -
Tie2 '

skoskoskok

Tie2/B-actin

DOK HSC-4 SCC-9 Cal-27 HSC-3

B 2 Tie27E R FIREHE FRIRIZFR
Fig 2 Expression of Tie2 in different cell lines

™ P<0.001, " P<0.0001, vs. DOK cells.

SCC-9

HSC-4
0 ~ shRNA-429

« shRNA-429

g 1.5 | = shRNA-162 g 15 = shRNA-162
Q3 1. 1.0 Teskskok
Q. O 0.5

Paraclone

HSC-4

Paraclone

0 SCC-9

Cloning efficiency/%

i85 43.901+0.123, KL, HEFEHSC-4. SCC-91EN
SO AN MR AL S 2 S5
23 BRSEFERRITEA T2 R

H5 321895 7 T3 ¥ 51 (shRNA-161, shRNA-162,
shRNA-163) M54 Y FHSC-4, SCC-9J5i, Western blotf
MIHSC-4, SCC-94i itk H Tie2 2 H R IRAICE, 455 WIR:
shRNA-1622H H Tie2 (i ik Al (HSC-4H1240.652+0.003;
SCC-951°40.716+0.042), fik T'shRNA-429%] it (HSC-
41471.000£0.050; SCC-971°41.000+0.042) (P<0.000 1)
(E3) . e e BRI B 4 U shRN A - 16241 /F R SE 56 4,
CORE SR

a b ¢ d

a b ¢ d

1.5 1.5
g g
o 1.0 9 1.0
T T
< <
E 0.5 E 0.5
= =
0 0
e a b c d e a b c d

3 HSC-4 (A) .SCC-9 ( B) MM ER AR B ETie2lRiL
Fig 3 Expression of Tie2 in HSC-4 (A) and SCC-9 (B) cell lines after
stable transfection with virus
a: ShRNA-429; b: ShRNA-161; c: shRNA-163; d: ShRNA-162. : P<0.05,
" P<0.0001, vs. a.

2.4 Bk Tie2 X4 BEILsE AL 11 A2
CCK-8H6 M 2 5 i@ 71 : shRNA-16252 36y 2H 1 4 a3 5
£ 7155 T shRNA-429%F I8 41 (P<0.05) (Kl4A) . ULHADTER

ok

shRNA-429

shRNA-162

shRNA-429

shRNA-162

HSC-4
SCC-9

100 HSC-4 £ 80 SCC-9
m shRNA-429 > m shRNA-429
80 mshRNA-162 £ 60 = shRNA-162
60 - sfekosk
HLE) 40
40 g)o
g 20
20 =
0 g 0
Q& o& \o& o& o‘& \o&
S S o 8 o
N fou > 8 & 0
& & < Roas é\e <

Bl 4 Tie2XTHSC-4.SCC-9ARIIETEBE 11 KRN
Fig 4 Effect of Tie2 on the proliferation ability of HSC-4 and SCC-9 cells

A: the CCK-8 assay; B: the clone formation assay; C: the single-cell clonal culture. * P<0.05, " P<0.001, ™ P<0.000 1, vs. shRNA-429 cells.
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Tie2 (I FEIAREINHIHSC-4, SCC-9ZMMIIEFERE /1 .

o BT N S G R R PR 4N, sShRNA-1625E
B 2 A 7 B BORE B sShRN A - 429 % A R [, sa B IE il i
JIFEAR (HSC-4H1shRNA-16252 5 2 47121.000+28.350,
SshRNA-429%F 24 391.000+46.800; SCC-9-shRNA-
1625255 2H H37.000+8.869, shRNA-429%F R4 Ky
128.000+8.641) (P<0.000 1) (I¥14B) . BEHILER Tie2 ()35
AEAMHIHSC-4. SCC-9Z M 7T I L fig

TR AL 3G 55 45 R R 1557 2% J5 HSC-4, SCC-94
A ¥ ] UL 3FRhAS[R] A9 78 B 2 35« 42 73 1% (holoclone) | 37
43 5i % (meroclone) . W 5 % (paraclone ) ; Ho 42w
0 M 52 RDE s BR B, T2 R0, HES) % 5%, &0t

T, BATAR i A B4 BHRE 15 I v A 2 MO R 25 IR, 31

shRNA-429 shRNA-162

0h--

48 h

®

FEASTE T, 20 L5 A A 55 9 40 B B A T 4 S B R
SEREZ 1], 5 shRNA-429%) 1R 41 4 [, shRNA-16252 5
24 SO RETE LR R B, W v B TR IR 39 N (P<0.05, P<
0.001) (K14C) . 1 W1 2R Tie2 BE 100 41 40 0 114 7 [ 184 7
it 1.
2.5 Bk Tie2l5 TR TR 6L STR9F 0T

1 RIS 56 45 R R 7EHSC-4, SCC-o41 iRl
48 hji7, 5shRNA-429%} FEZHAH Fb, ShRNA-1625256 20 %l
IR A A AL (HSC-441 i R @ & % 11 59.260%+
3.704%% %5 15.480%+2.728%; SCC-94H it IR A1 H i
35.220%+2.882%[% %524.360%+5.875% ) (P<0.05, P<
0.000 1) (FEI5A) . ERHTTER Tie2 REMHIHSC-4. SCC-94
Wiz lRe ), s ZhRe J1 s .

shRNA-429

shRNA-162

5 Tie2XfHSC-4.SCC-9/AMIE AL
Fig 5 Effect of Tie2 on the migratory ability of HSC-4 and SCC-9 cells

A: cell scratch assay; B: Transwell assay; a: HSC-4; b: SCC-9.

Transwell 3256045 5 B /R . FHZH 400, shRNA-1625
55 20 55 shRN A -429 X5] i 20 4t {3 % fi8 07 9 55 (4 e %
B HSC-4H1(198.300+42.360)/fieldf& % (77.750+10.050)/
field; SCC-9 (78.600+8.735)/fiel dF % (42.600+3.050)/
field)(P<0.01, P<0.000 1) ([§15B) . i6AHUTER Tie2 BEH il
HSC-4, SCC-94 il T 74 B
2.6 B Tie2 X4 B 22 F-actin EE 2B 1Y 25

BOCIE R AL WA 45 2R 7R 5 shRNA-429%f
HAZHAH LE, ShRNA-162552 55 2H 4 M B 42 F-actin%k (A5G0
BEREAR, 2002 TG, BCRAL W] UL 200 M i 2% 22 4RO /2 2
I (P<0.01) | AR, [FIB 40 T b Ny ) 47 4R g
THWITTHE(El6) o 3% R BT Tie2 ) #3151 LAFEAIKHS C-
4, SCC-94H M H 2R F-actin® MGk &, /D20 i AT 224K A

SR, PRI
I,
2.7 Bk Tie23t4HAAE-cadherin,N-cadherin . vimentin &
BARIERF

Wetern blot%5 5 i/~ : 5 shRNA-429%F R4 L%,
shRNA-16252 5541 E-cadherin ) 2 [1 35 K P I, N-
cadherin. vimentinf) & [ 5K K (P< 0.0001) . £
WIULER Tie2 ] BEXTEMT A R EAT IR (1 74), 12
/RTie2A i85 5 T OSCCHYEMTiE 2

WOGIL R AR WA I 25 2R 17 55 shRNA-429%F
HRZH A 1L, sShRNA-1625C 55 2H 4l f E- cadherin 1 F35 B fil
B0, 95 B I G 35, TN -cadherin i) 2635 B i FEAIK,
PEEHR LN 9855 (K17B) o FRWITLER Tie2 F] REXTEMTHY

B ENITRRE ST, WA 40 B 2L F-actin
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DAPI F-actin Merged 25
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SshRNA-429 3
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0
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B 6 FBtHRERBIEKRNHSC-4 (A) (SCC-9 ( B) FLMAIE L F-actinR X FER LKA ENEE, x100
Fig 6 Cytoskeletal F-actin expression and the number of filamentous pseudopods in HSC-4 (A) and SCC-9 (B) cells were determined by confocal laser

Filopodia/cell

shRNA-162

scanning microscope (Confocal). x100

™ P<0.01, vs. shRNA-429.

a b 5 5 o
E_cadhermE % 2.0 Aok i 15 g 15
N-cadherin [ == === | & <10 HEEE A 10 -

g 5 =
Vimentin [ = —| 2 £ os £ 0s
S =
practin | sm— 3 g0
s Z, a b > a b
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N-cadherin EI = = %— 1.0 EEEE]
Vimentin [N P £ 05
. E 3 £
Bt o] ; =
@ a8 Z >
SCC-9
DAPI  E-cadherin Merged DAPI  E-cadherin Merged

DAPI  N-cadherin Merged DAPI  N-cadherin Merged

& 7 HSC-4.SCC-94HfIE-cadherin,N-cadherinFvimentinE B HI R 1%
Fig 7 The expression of E-cadherin, N-cadherin, and vimentin proteins in HSC-4 and SCC-9 cells

HSC-4
SCC-9

shRNA-429

-

A: Western blot; B: confocal laser scanning microscope (x200); a: ShRNA-429; b: shRNA-162. P<0.0001, vs. a.
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PR EATIHRIVER], #E—2DIIE T Fidgh 2R,
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Fig 8 Western blot was performed to determine the expression of AKT,
p-AKT, ERK, and p-ERK proteins in HSC-4 and SCC-9 cells
a: ShRNA-429; b: shRNA-162. P<0.05, " P<0.01,” " P<0.0001, vs. a.
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