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Establishment and Preliminary Analysis of Cell Line A549 with Stable
Knockdown of TNIK Expression
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Abstract TNIK (TRAF2 and NCK interacting kinase), a member of the family of serine/threonine kinase,
has played a key role in many physiological and pathological process. Recent studies have found that TNIK is high-
ly expressed in lung squamous cell carcinoma tissues and drives cancer cell proliferation and other malignant phe-
notypes, but its role in lung adenocarcinoma is still poorly understood. In this study, a lung adenocarcinoma A549
cell line with stable knockdown TNIK expression were constructed. Flow cytometry showed that the cell cycle was
arrested and apoptosis was induced. Cell proliferation and movement experiments proved that the proliferation and
migration of lung cancer cells were significantly inhibited. Further immunofluorescence staining analysis showed
that stable knockdown of TNIK expression could induce disorder of cell actin cytoskeleton and inhibit dynamic
turnover (assembly/depolymerization) of focal adhesions. In conclusion, TNIK in lung adenocarcinoma cells may
influence the dynamic turnover of focal adhesions and ultimately control cell proliferation and migration by regulat-
ing the arrangement of actin cytoskeleton. It is speculated that the highly expressed TNIK in lung adenocarcinoma
cells can maintain the malignant phenotype of cancer cells by regulating the actin cytoskeleton system.
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I Ji e e It = EENE AL 2 — 249 (5 B I
(140%™ . EIRIT A RIGST FBOA Btk (HHLS
TR A ZRAT IR il i (1) R A 2 22 Fh A
FILEEH ISR, RS TR A e 2GR,
Sz RS, SRR SEBATE
220, Rl TR AR BT IV LR T B 0 T 5 it
Jige R AR A Z T ia )

i g8g IR BB R 1 52 AR FH 56 R 7 280 NekodH LA H
B B (TRAF2 and Nck Interacting Kinase, TNIK)
FE4EE TRAF2 5 Nek B AR H I # KB, TNIK A
5 — A N-uii g 25 48 . — > C-3i 1) Citron [F] Y&
S5 (CNH) PA S — /> a] a] A2 [X 48 7%, TNIK A2
AR H Oy I (germinal center kinase, GCK) ik K
R —, G IR B 2 AR/ 9F AR R
PRI P SCHRRE BoR, 45 B s H TNIKGE
5 TAHHU A - 4(T cell factor 4, TCF4)F1 B-iE3 &
(B-catenin)AH EL/EH, [ TCFATE 22 2 R 1 5S40 1 i R
1, M WNT/B-cateninfz 5 18 % 42 45 B i
KARBUCN, AN TNIKEEEE TS R R 55
M AR R YA M, HIZ 4 AR, ST TNIKAE i
e 0 G2 Al /I 20 it i g b 1) B AR A R A o)
FHLHITIA B

AT FE A, 38 e A i i 4 i TNTK ) 3%
I5 R 2 A K R 1 AR A AR 2 R B R A
KA, BRI TNTRO N i R g S8 1 38 70 ) 1
o B FUEE RSB, 8 W i 4 i b ) TNIK Rk
T2 B B S R A6 DB A5 A 8 AT ) 2 Bt
7% A SE B, AR DN A Bt e 48 i R TNTK R e i
A BN A, (R A PRt R A

1 MRERE
1.1 #8

N it it 8 40 B Ak A S 49 B 4 Bl #k 293 T
YA SIS E /A7 . fG2F I3 (fetal bovine serum,
FBS). Opti-MED™$% 7% S F1 %% 4417 Lipofectamine
3000374 [ 35 [ Thermo Scientific/A & ; DMEM/
F125: 572, DMEME R R BN EFHE R -HER
V(N 10 KU/mLT 5 2 110 mg/mLEE% )18 H
HycloneA ] ; RNAFEHUF & 100 4% sl 7 &
TB Green™ Premix Ex Taq™(Tli RNaseH Plus) RT-
PCRIAFFI &I H TaKaRaA & 5 514 H _FifgA4) T
P IR~ A A BCASR B EEIE 7 &, RIPA

HARI . PR BE R (phenylmeth anesulfonyl-
fluoride, PMSF)F1 PVDFfi (0.22 pm/0.45 um)iy 54k
G E B B AE I E R A T SDS-PAGESE IR &
W8 iR AR R 2R A TR A ] R B
£ [E BD/A A ; Transwell/N%E (244U, 0.8 mm)I4 H
Corning A @ ; Yo ZE MK Y6 YL BT Vinculinft /4 1
H Sigma/An]. TNIKHifE. p-FAKHU#& A pHH3 5t
R34 H Cell Signaling Technology /A &) ; GAPDH#
1A H Proteintech /A 7] ; BiAR i 48 AL W) (horseradish
peroxidase, HRP)Fic [ —-H13 0 H Abbkine /A 7];
I %6 P H Thermo Scientific/A ) o

1.2 753%

12,1 #miads AWRRE 4 AS4OFI AN B 41
J1 293 T 43 sl 5 A E5 7% T8 0 10% FBSHT 1% i
DMEM/F12F1 DMEM = il 55 7R 3 v o A E % 5%
CO, WJEN37 CCHILHETHIR IS TR R 7%, WF9T
N 545 BN AU B AT AR AR

1.2.2  pLKO.1-Puro-shTNIK # Ak #) 2 & 12 5 7 €
% TNIKHER P SshRNARE [ 7 5138 i 76 26 ) il
(www.sigmaaldrich.cn)&it, 1#: 5-GCC TCA AGA
ACA ACT TCT AT-3'; 2#: 5'-CCA TCT CAT ATT
CAG GGC AAT-3'; shRNA 5| #1771l IR YIRS [
B AR A A A . pLKO.1-Puro-shTNIK i L 28
- 23 )05 A 44 A shT-1#A0shT-2#, %o 1 5k
JNpLKO.1-Puro, #i iy 44 A shCtrl. shT-1#. shT-2#A0
shCtrl i #7371 5 E1.5E J5 ki PMD2G A1 PSPAX L [F]
L 03THIM . 7E48~72 hildE LiE 5, X 4uiuskeT
TR A%, R AT T80 °CUKAH »

123 #BZIRTNIK@mAME  HAT AP
BE R B ASA94ID , 1 mg/mLMENS 5 2% i i J
SRAFBHPELIME . SEE 5E B PCROFN G2 BT A DN Fa e
YT Rk TNIK [R5
124 e SR
BB M S EAS .
1.2.5 qRT-PCR:&# 40 fie & TNIK mRNA #9 4% 5K
F & RNA$E 0T 20 B 1 52 LA 5 RNA,
PAcDNAN B AT SR 8 S PCRY™ 38, I & %-2H 41
Jfl TNIK mRNA% 7K. qRT-PCREIMIFHI1F
TNIK L5198 5'-TAA GGG TCG TCA TGT CAA
AAC G-3', Fi#51%1H5'-CCA TGC CTG GTG GGT
TCT TT-3'"; W& GAPDH L5144 5'-GGA
GCG AGA TCC CTC CAA AAT-3', FiF5|¥h5'-

B IE50%~60% Yt
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GGC TGT TGT CAT ACT TCT CAT GG-3'. f/1M 2
R 3ANEAL, I se e, F2729EE H 2L A
mRNAFRIEH .

1.2.6 Western blot 23 F & PMSF(100%)[fJRIPAZY
RPN SR A, BCATE M ARG, 4
£ 40 mgiR FHHEAT 7.5% SDS-PAGEZ B8 A , 1HIR
M4 2 PVDFIR G, H5% 0 9= i 12 he N
MNAHRL—Ft, HARE LA 373 72 Anti-TNIKCA 1:1 000,
Anti-VinculinJ 1:2 000, Anti-pFAK 4 1:1 000, Anti-
GAPDH A 1:5 000, 4 °CHEIRIE R . PBSTHER: )G, ik
FEXT N BR T (1:5 000)3% fe —HT (1:5 000) = 5%
H2 h, ) FHECLAL S ROGIAGH & W52, 16 H Image
YRR 53 267 K P AR

1.2.7 R @IS AT 2m e B 242 8 S aEkal
PR R A IS, SR T RSO I PBSHE 21K
JEINT5% A I i e, Gt i FHPBSEE i A
PI/RNase AJLta TAEVR, Bt % iR E 30 min, FAL
W5 2 AT 4 M. 40 B PBSYRIR A 2%
MIA300 mL 1x Z54 Ml & 7740, H Annexin-
VFITCHrIL, EALFTS minfins mL PIZLta, [H A £ n
200 mL 1% &5& 22 i, EAURT A0 1.

128 Transwelit A2 R K% UMM TAE
B Matrigel/NE 1B JZHEATAEMIER (5%10°1> /L)
FUZZE (1x10°4 /L) L8 . fERSE 12 heli24 h)g, #F
1745 i SR e th S A R A A

129 FHEZELRFEE B0 LLS004N/FLAIH
BT 129LAL R, BONR # M. 6K )5, PBSIH
Ve e AT 45 e S gL 0 S o T e

12,10 XPREIRAEN miiE s fFRAMpAK
IR 95% /2 A7, AR B FR IR bR e i 2k I dr b
RS E . 7248 hiN 3 B S R A S 1 Vo .
12,11 fEFEAAR FHAMEAEKILAEE70%
FeAr, PBSTRERAIME 2K, FH 4% 2 58 W I [H o 40 e
30 minj , MM 500 mL 0.5%[%] TritonX-100, % 538
% 10 min, PBSTE VL), 5% BSA 37 °CH 1411 h, H
PBSHiRE—Pi, 4 °CH MM E IR . % Ul H MR
RS IKGRL . PBSHiRE L =1, 37 °CIFE 1 h,
DAPLHATIZ Gt e fa, LR AE B fa e 7 pr .
12,12 #E%t  PrA iR Msr mE 3R,
X F GraphPad Prism 8.0 #T/E . 45 F K H
xRN, AR HEBCR A i 38 73 A1, P<0.05 89 2% 5%
BAEGE L.

2 25
2.1 MR ERUR AP TNIKRIEF R

SRAF R E R TNTK I B AS49 i R )5 , i
I+ qRT-PCR A1 Western blotfs Il TNIK [ 3R 1A 7K F o
WE TAR 1B, Fa0E Mk 41 48 i TNIK mRNA
K K3 SR T X R4 (P<0.05). 1X3RE,
TNIKLE [t AS494H i b S AR € ek, v LA T 5
S50 O B RS MR TNIK A IR I TE A,
&t LR U 41 A A R BE B AR K (BI1C).
2.2 RRERURTNIKME F4p B HEH S A AT

It A P ARG 00 B s TN s 40 ) 3038 A s
o GREIN, SXTRRAM, Mk TNIKSE G
Y1 b A5 3 v, T SIPIRND G/ MU TR 41 i B T B A1, 3%
B A TNIK i £ 5 350l i 40 L JE 3 BEL (1 2A)
[E, 40 AR oA I 5 SRR, ms TNIK S AS4941
JRLRE T 5 2 B 0 (P 2B) . 3% WA M i g &40 it R TNTK
TR N R 20 P R R R A AN R T B
EM .

3tk — P PRI TNIK 3 128 6F AS49 2 fif 34 5 (1) 5%
WAl B SR P AR AR T8 T RSB0, R I TNTK R 93 2
(149 58 B T R B A TR R (B2C) . Bl S A H 4
92 ¢ ipHH3 By €4 B, Il TNIK 2 328 (1) A 54948 it
o, pHH3FH M40 ik H B 298> (E12D).
2.3 BhARTE AR AU TNIKINGI AR E5)

41 i K1) R A Transwell 55 56 46 I = 9 TNTK O 41
RS MR 2868 SR o 20 BRI IR 9206 45 L R,
TNIK R ok 26 1) 3T #% X 3808 2 /8 T 0 R ZH (13 A).
Transwellif #% % 18 22 5256 7, EASA9410 i, mt
IRTNIK R IA J5 1B 7 S A= 25 20 i 250 B R A1 T %) B
H(EI3B). 1X 1 4 B B R 98 TNIK v 101 il [ 78 24
MR IEH fE
2.4 i BRTE 40 AR A U TNIK I L 40 B frf 22 & 32
REEWRNTS

Y MR 2L 5 AR B Th e A UIAE OC, HLBhEE E 2
G = AR ) ) ) B AU A SRR E IR,
TNIKFICNHEZE W 308 1 i 22 F R R g fa ™. A
R 0 1 g8 4 B oh R AR TNIK 2 75 B2 i i 22 B R R
Hro P DR R I, F25E MR TNIK KA )5,
ST . 73 48 4 (1 B0 3 R HE S 2L (1 4A)

22 B SR A R AL B A B /AR 3R, M
P 40 f 3 # i sh Sk A2, B, BATR A %
928 UG Gt % S g B R AG U 266 5 B 2 285 /AR R S L
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(A) (B)
sk
1.5=
15 -1 k% *
a *
g3 £5 _—
RN @ 9 1.0 =
§ s 1.0 § ; .
IS o
= 57
o &~ o
25 Z%
% < 0.5 % < 0.5+
[=4 E 1 E
GAPDH <
30 kDa
©)
shCtrl shT-1# shT-2#
- = S

A SO 5E S PCRAG IS & 41 Mk -1 TNIK (I mRNA /K- (%% P<0.01); B: Western bloth il i 41 bk -H TNIK ¥ 8 (1R 157K ¥ (*P<0.05); C: a2 12
T PSRRI

A: mRNA level of TNIK in stable cell line was detected by qRT-PCR (**P<0.01); B: the level of TNIK protein in stable cell line was detected by West-

ern blot (¥*P<0.05); C: observe cell morphology with an optical microscope.

Bl 12 EMARAS49 R TNIKRILIK F 5347
Fig.1 Determination of TNIK expression levels in stable cell line A549

ARG AL R BN, FoE RURTNIK R F
HF & BT A (vinculin) i 0 & A1 K /N B 2 38 (&l
4BFIE4C).

FAKZ R EH PN E N2 —, Z 5 EHWRE
BRI 50, 78 K 22 HMog b, FAK) e 8% B2 Ak 7K
SRR T MR iR 2R N AL RO FEAHE T, A1
T B B AL FAK Yo A A o 88 BV e J% 4 9% 7% e
ST R IL(EAC), FaE MUK TNIK T EFAK Y (1) i 2
AP PEAG . X EERF FE 45 SRR I, RN TNIK AJ e
Syl AL L B R RGN, LU FAKE PE T
VA2 30 BB A F W, e 4 00 o) I s 24 o 3 9 2

EMIRE.

3 Wig

W] TNIK W K B2 5 R UL 3) & E 40 B 28
AFh 2K R M ) A R i AR 7. B S, ORI 2 it
FUUE B, TNIK B 1 g T Wotf5 5l g
c-JunZ R i ¥ (c-Jun N-terminal protein kinase,
JNK). %K FNF-kB(nuclear fator kappa B, NF-kB).

Tl MR 9t WILE 3% (phosphatidy-linositol 3 kinase,
PI3K)/& [ ## i B(prot-ein kinase B, PKB)%%/5 5 il
M, AR TR R B MG 5E . k. 4
) R R 9 A B AR s B 22, HAH G
FEAR I, TNIK e —ME LR o i 7 #E 00
CAWFERY], B hilE i siRNAS 3 1
TNIKZRIA T BRI 35 0581 240 M 8 5 5 5 R A T 7
HTNIKAE LA rT 1@ i Wat/B-cateninfs 5 8 4%
) 7L B A L ) SR M B S AR 2R e R Y Bl i A
N 53 ) it s 6 5 S Y P S P A AL T R A L A 9
IR, FH TNTK SR m Sl 25 400 1) e 40 B 18 5 v 12 5
PR A YH T PO T AE N e 2 s i TNIK
/NGFA 77 NCB-0005 54 KY-05009 A] #11 £ 4k,
HE KA ¥ Bl (transforming growth factor-B1, TGF-B1)
75 S 1 L 7 8] i 1k (epithelial-mesenchymal tran-
sition, EMT)Ps AHIF 78 e, AT T30 3 44) 2 A8 E ik
TNIK K IE I E /N i it A 7 5%, % Lok TNIKC
FIA AT W Sk LY 4 R S AR R R AR T . 4%
LATIR, X e gt AR TNIKAE e & A2k fe A e 5
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(A) shCtrl ShT-1# ShT-2# = GM
A s .
= z ] = S
A
g : g 8 - G
] 5 o
5 |%- g- £
e 3
] [-»
g- A\ g
3 ] . o
<= T
20 40 60 80 lg
FL2-A PE-A: PI
shCtrl shT-1# shT-2# N Hk
/E—i()l-ljl‘(().lx",d)) QI-UR (6.60%)| "91 QI-UL (0.67%) QI-UR (9.07%) éanfUL(U-GO"M QI-UR (9.50%)
< . . 204
= |4 | = S
s = 154
—~ &l I =) 8
a |- = - =
= TR g 104
S| :
1L (92.35‘54, QI-LR (0.87%)|  JQI-LL (83.44%) QI-LR (6.82%) QI-LL (80.71% QI-LR (9.19%),
10* 10° 10° 107 10* 10° 100 107 104 10° 10° 107‘ 0=
FL3-H: Annexin V-FITC & NS
-H: Annexin V- B %{\Q %{S
©)
200
shCtrl shT-1# ShT-2# e

(D)

pHH3

Merge

Cloning effciency /%

shCtrl

150 pm

shT-1#

shT-2#

pHH3 total intensity

per 100 cells

6=
#ok

4 -

2
&
B

A B J AN ARAG T - 420 M6 P JE SRR T (4 P<0.01); C: e 38 58 S 36 PP A1k 45 LA I 14 2 KA L (++% P<0.001); D: K% HeshCrly shT-1#
HShT-2# P20 [ 5, FHHTpHHB3HU A G (o (2L )R A0 i 54 5, 4L AZ DAPL 0 (i ) (**P<0.01)
A,B: cell cycle and apoptosis were detected by flow cytometry (*P<0.05, **P<0.01); C: the colony formation assay was used to evaluate the growth of
cells in each group (***P<0.001); D: cells transfected shCtrl, shT-1# and shT-2# were fixed, and cell proliferation was detected by anti-pHH3 antibody

staining (red), and nuclear DAPI staining (blue) (**P<0.01).

E2 AS494RAEFEIR TNIKREH A B Bt i E & AT
Fig.2 TNIK knockdown in A549 cells blocks cell cycle progression and induces apoptosis
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(A)

shCtrl

shT-1#

shT-2#

®)

Migration

Invasion

Migration rate /%

0.6 = EE

kskok

6007

EE TS

4004

200

Number of migration cells
&
=)
S
1
Number of invasion cells

. &
N N

A RIJE SZI6 K I &-2H 240 B HOAT R2 B8 (44 P<0.01); B: Transwel k& il & 2L £ i f 3T 5% AR 22 8 71 (*+++P<0.001).

A: results of the migration ability in each cell group detected by wound-healing assay (**P<0.01); B: results of the abilities including migration and

invasion in each cell group detected by Transwell (***P<0.001).

E3 TNIKZFRIA TETAS49MBIERBFE

Al

Fig.3 The cells migration and invasion abilities of A549 cells affected by down-regulated TNIK expression

FRARE L, (R BARHLHIIA RN AT
O SCHRRIE SR, TNIKAE HCHmf & — N 51
2y B SR < R Citron [FIVR 25 #94, HLZENIH3T3
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2 HRRE SHS NI g ie s, A
W7o, A3 L shRN ARSI A 28 7 7N 4 i Jii
AS494H i T A SE R TNIK R iR 40 i . A% 45 5
T, FE R TNTK R0 7T 75 540 f i AR R AR K, 41
W 3E 7% 32 B # B E 0]. HE— 25 b R B, R
TNIKE A 40 i 22 B BE 586 &L, RiE s &
JE (2H 3 e foft 58 i A i i 5 B0 A6 BE S H L B B IX
M. 5—802, FRERIRTNIKRIA G, 4

A A v 4k 7 BE 3 B (focal adhesion kinase, FAK)E[!
pFAKY 5 3 T . X Semf 50 45 AR B, dE/h 4
It 4 B AS 4920 i £2E DT ERTNIK R 04 1] R Jd it
PLAEL T 22 B 3L R G 20 26 5 HE B 5 i 2 o B SR S
Ak, I T U0 8 B 5l 2 JR) 2, g i 0 1) 4 ST % 02
FGWGE . RIEE R, FAKSE 25 B 410 K i B8 1
B, Tyr39747 s 1 [ 8% R 16 72 FAKIE A6 I AR
&, MFAKAS 5@ BB iE S2 z B 2L %, 5855
A R TIMR W FL R I, FAKTE S5 [l S |
it B FLE AN O S b 0 SRR K B
mr, HHGEMESmaniaiE. Tk iesh 5122, 7
i R AT R T A R A SRR, N R
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(A)

Phalloidin Merge

shCtrl

100 pm

shT-1#

shT-2#

©

TNIK

|«
130 kDa
130 kDa
<

Vinculin
100 kDa
130 kDa
—— o —

100 kDa

40 kDa
<

30 kDa

p-FAK

GAPDH
ey ST aEmmmm

A G ML 3, F-actinflIPhalloidin(41 )4 i, DAPI (¥ bR ic AMiEi%Z. B
Jii F VinculinPi /& 4 (4R €2) . C: Western bloth Il Vinculin Fllp-FAKAE 5% 41 41 i 7 1) R 1A

B)

shCtrl

shT-1#

shT-2#

Phalloidin Vinculin Merge

B: & ZH 4 Rk B RR L Vineulin i S FRIC . 0L 52
KF.

A: the cells of each group were fixed, stained with F-actin-binding Phalloidin (red), and the nuclei were stained with DAPI (blue). B: Immunolabeling

of focal adhesion marker Vinculin in each group. Cells were fixed and stained with Vinculin antibody (green). C: the expression levels of Vinculin and

p-FAK were detected by Western blot in each group.

El4 TNIKIELAREM 22 B R RFENDT

Fig.4 TNIK disturbs actin cytoskeleton and focal adhesion turnover

L e 15 2% o il e
FRATT I FEAUE B R/ 4
WL R R G

BRI 5 R B, FAKAE B2 e
& vtk 4% A AR S,
it i g 41 . A TNTK RT G J8
MKE@MW%W%%Wﬁ\ﬂE&E%Eﬁo

AR, LR/ 752 R R B TNIK 5
%%E%M%ﬂﬁb Wﬁ%?ﬂ%ﬁﬂﬂNML
Toh T 22 1 R 2R G AR a3k M PR 84 B RS 1R 4 T AL,
NG ST B E T R

SE ik (References)

DEVARAKONDA S, MORGENSZTERN D, GOVINDAN R. Ge-
nomic alterations in lung adenocarcinoma [J]. Lancet Oncol, 2015,

(1]

[2]

[3]

[4]

[3]

(6]

16(7): e342-51.

PU J, SHEN J, ZHONG Z, et al. KANKI1 regulates paclitaxel resis-
tance in lung adenocarcinoma A549 cells [J]. Artif Cells Nanomed
Biotechnol, 2020, 48(1): 639-47.

VERDECCHIA A, FRANCISCI S, BRENNER H, et al. Recent can-
cer survival in Europe: a 2000-02 period analysis of EUROCARE-4
data [J]. Lancet Oncol, 2007, 8(9): 784-96.

YU S H, ZHANG C L, DONG F S, et al. miR-99a suppresses the
metastasis of human non-small cell lung cancer cells by targeting
AKT]1 signaling pathway [J]. J Cell Biochem, 2015, 116(2): 268-76.
CHALELA R, CURULL V, ENRIQUEZ C, et al. Lung adenocarci-
noma: from molecular basis to genome-guided therapy and immu-
notherapy [J]. J Thorac Dis, 2017, 9(7): 2142-58.

CALVAYRAC O, PRADINES A, PONS E, et al. Molecular bio-
markers for lung adenocarcinoma [J]. Eur Respir J, 2017, doi:
10.1183/13993003.01734-2016.



428

)

BRI

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

FU C A, SHEN M, HUANG B C, et al. TNIK, a novel member of
the germinal center kinase family that activates the c-Jun N-terminal
kinase pathway and regulates the cytoskeleton [J]. J Biol Chem,
1999, 274(43): 30729-37.

TAIRA K, UMIKAWA M, TAKEI K, et al. The Traf2- and Nck-
interacting kinase as a putative effector of Rap2 to regulate actin
cytoskeleton [J]. J Biol Chem, 2004, 279(47): 49488-96.

DAN I, WATANABE N M, KUSUMI A. The Ste20 group kinases
as regulators of MAP kinase cascades [J]. Trends Cell Biol, 2001,
11(5): 220-30.

MAHMOUDI T, LI V S, NG S S, et al. The kinase TNIK is an es-
sential activator of Wnt target genes [J]. EMBO J, 2009, 28(21):
3329-40.

SHITASHIGE M, SATOW R, JIGAMI T, et al. Traf2- and Nck-in-
teracting kinase is essential for Wnt signaling and colorectal cancer
growth [J]. Cancer Res, 2010, 70(12): 5024-33.

CHON H J, LEE Y, BAE K J, et al. Traf2- and Nck-interacting ki-
nase (TNIK) is involved in the anti-cancer mechanism of dovitinib
in human multiple myeloma IM-9 cells [J]. Amino Acids, 2016,
48(7): 1591-9.

FLETCHER D A, MULLINS R D. Cell mechanics and the cyto-
skeleton [J]. Nature, 2010, 463(7280): 485-92.

DUFORT C C, PASZEK M J, WEAVER V M. Balancing forces:
architectural control of mechanotransduction [J]. Nat Rev Mol Cell
Biol, 2011, 12(5): 308-19.

YAMADA T, MASUDA M. Emergence of TNIK inhibitors in can-
cer therapeutics [J]. Cancer Sci, 2017, 108(5): 818-23.

SOWINSKI S, JOLLY C, BERNINGHAUSEN O, et al. Membrane
nanotubes physically connect T cells over long distances presenting
a novel route for HIV-1 transmission [J]. Nat Cell Biol, 2008, 10(2):
211-9.

WANG J, LIU X, QIUY, et al. Cell adhesion-mediated mitochondria
transfer contributes to mesenchymal stem cell-induced chemoresis-
tance on T cell acute lymphoblastic leukemia cells [J]. J Hematol
Oncol, 2018, 11(1): 11.

OHNO H, HASE K, KIMURA S. M-Sec: emerging secrets of tun-
neling nanotube formation [J]. Commun Integr Biol, 2010, 3(3):
231-3.

TAPIAL MARTINEZ P, LOPEZ NAVAJAS P, LIETHA D. FAK
structure and regulation by membrane interactions and force in focal
adhesions [J]. Biomolecules, 2020, 10(2): 179.

SULZMAIER F J, JEAN C, SCHLAEPFER D D. FAK in cancer:
mechanistic findings and clinical applications [J]. Nat Rev Cancer,
2014, 14(9): 598-610.

HUSSAIN N K, HSIN H, HUGANIR R L, et al. MINK and TNIK
differentially act on Rap2-mediated signal transduction to regulate
neuronal structure and AMPA receptor function [J]. J Neurosci,
2010, 30(44): 14786-94.

LEE Y, JUNG J I, PARK K Y, et al. Synergistic inhibition effect of
TNIK inhibitor KY-05009 and receptor tyrosine kinase inhibitor
dovitinib on IL-6-induced proliferation and Wnt signaling pathway
in human multiple myeloma cells [J]. Oncotarget, 2017, 8(25):
41091-101.

R, H R, BABAE. BRI 5 AL ARG T WA
HTHER). SRICE TR EE 2% 4« E(LIU Y F, MIAO M Y, MAO W
Z. Research progress on molecular mechanism and targeted therapy
of gastric cancer [J]. Journal of Preventive Medicine of Liberation

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Army), 2019, 37(4): 189-90.

GUO Y, LIU N, LIU K, et al. Retraction: Capsaicin inhibits mi-
gration and invasion via the AMPK/NF-«B signaling pathway in
esophagus sequamous cell carcinoma by decreasing matrix metal-
loproteinase-9 expression [J]. Biosci Rep, 2019, doi: 10.1042/
BSR20190819.

YUAN G, RONG L, LIU J, et al. Serum-derived hepatitis C virus
can infect human glioblastoma cell line SF268 and activate the
PI3K-Akt pathway [J]. Mol Med Rep, 2019, 19(5): 4441-8.
MATSUMOTO A, JINNO H, ANDO T, et al. Biological markers of
invasive breast cancer [J]. Jpn J Clin Oncol, 2016, 46(2): 99-105.
YU D H, ZHANG X, WANG H, et al. The essential role of TNIK
gene amplification in gastric cancer growth [J]. Oncogenesis, 2014,
2(2): e89.

SUN'Y, GAO X, WU P, et al. Jatrorrhizine inhibits mammary carci-
noma cells by targeting TNIK mediated Wnt/B-catenin signaling and
epithelial-mesenchymal transition (EMT) [J]. Phytomedicine, 2019,
63: 153015.

TORRES-AYUSO P, AN E, NYSWANER K M, et al. TNIK is a
therapeutic target in lung squamous cell carcinoma and regulates
FAK activation through Merlin [J]. Cancer Discov, 2021, 11(6):
1411-23.

KIM J, MOON S H, KIM B T, et al. A novel aminothiazole KY-
05009 with potential to inhibit Traf2- and Nck-interacting kinase
(TNIK) attenuates TGF-B1-mediated epithelial-to-mesenchymal
transition in human lung adenocarcinoma A549 cells [J]. PLoS One,
2014, 9(10): e110180.

WU Y, HUANG Y, GUNST S J. Focal adhesion kinase (FAK) and
mechanical stimulation negatively regulate the transition of airway
smooth muscle tissues to a synthetic phenotype [J]. Am J Physiol
Lung Cell Mol Physiol, 2016, doi: 10.1152/ajplung.00299.2016.
DING L, WANG L, SUI L, et al. Claudin-7 indirectly regulates the
integrin/FAK signaling pathway in human colon cancer tissue [J]. J
Hum Genet, 2016, 61(8): 711-20.

CONSTANZO J D, TANG K J, RINDHE 8, et al. PIAS1-FAK
interaction promotes the survival and progression of non-small cell
lung cancer [J]. Neoplasia, 2016, 18(5): 282-93.

BENZINA S, HARQUAIL J, GUERRETTE R, et al. Breast cancer
malignant processes are regulated by Pax-5 through the disruption of
FAK signaling pathways [J]. J Cancer, 2016, 7(14): 2035-44.
KANTETI R, BATRA S K, LENNON F E, et al. FAK and paxil-
lin, two potential targets in pancreatic cancer [J]. Oncotarget, 2016,
7(21): 31586-601.

CHEN J S, LI H S, HUANG J Q, et al. MicroRNA-379-5p inhibits
tumor invasion and metastasis by targeting FAK/AKT signaling in
hepatocellular carcinoma [J]. Cancer Lett, 2016, 375(1): 73-83.
ZANG M, ZHANG Y, ZHANG B, et al. CEACAMG6 promotes
tumor angiogenesis and vasculogenic mimicry in gastric cancer via
FAK signaling [J]. Biochim Biophys Acta, 2015, 1852(5): 1020-8.
LAHLOU H, SANGUIN-GENDREAU V, ZUO D, et al. Mammary
epithelial-specific disruption of the focal adhesion kinase blocks
mammary tumor progression [J]. Proc Natl Acad Sci USA, 2007,
104(51): 20302-7.

MCLEAN G W, KOMIYAMA N H, SERRELS B, et al. Specific de-
letion of focal adhesion kinase suppresses tumor formation and blocks
malignant progression [J]. Genes Dev, 2004, 18(24): 2998-3003.



