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STIL Promotes the Proliferation of Colon Cancer Cells
through Regulating CDK1
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Abstract This study aims to study the effect of silencing STIL on the proliferation of colon cancer cells
and its molecular mechanism. The present study constructed lentivirus carrying shRNA (short hairpin RNA) against
STIL and shCtrl (scrambled shRNA), infected tumor cells with these lentiviruses, and screened STIL stably si-
lenced cells using the puromycin resistance. Then, CCK-8 assay was used to detect cell proliferation, colony forma-
tion assay was used to detect clonogenicity, and flow cytometry assay was employed to detect cell cycle distribution
and proportion of apoptotic cells in shSTIL- and shCtrl-subgroups. The tumor volume and weight were monitored
in nude mice which were subcutaneously injected with stably transfected cells. After STIL was silenced, the pro-
liferation and clonogenicity of colon cancer cells were significantly inhibited, the proportion of apoptotic cells was
significantly increased, and the proportion of cells blocked in Go/M phase were significantly increased. Moreover,

compared with the shCtrl subgroup, the tumor volume and weight in shSTIL group were significantly retarded. In
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addition, STIL positively regulated the expression of CDK1, and CDKI1 inhibitors could remarkably attenuate the

proliferation and clonal formation of STIL overexpressed colon cancer cells. STIL promotes the proliferation of co-

lon cancer cells by regulating the expression of CDK1.
Keywords

GLOBOCAN 20204 o, & i 4 PR K
JRELIN194 7T SET-ELIR93 70, R %, S
RO RS IR 2 300 BB AL, FRE 4 R K
TR T35 R W g () 575 3 6 A A 44
H i, ¥ 7 EGFRE P %5 5451 LA HE ) VEGF ) DL
Bk UR R T WIS Y R B AR AR, H
A B3 IT RO Rk, IRANRR G e 4y +
BL, SRR Eh 46 e & A2 R R IR AL, I DLt g3
RBTHZW), KT OGE e B 46 g e B 1R T R
JAAFTE BA B2 X

STIL(SCL/TAL1 interrupting locus)3& K& M A
S 2 IR E 2 B I R DG % A B HE b T T R
f), HcDNAJE —/NE 3 861 AMEH IR I T G S HE
i1 28T NIRRT E S, T ELAN
143 kDabl, STILZA 22 73 Z vl 42 hco b &2 ) A2
i S BA B OB IR -, S5 W) A B M i R BT R
K, ke &k & R E LR W, STILE K2
MNARH A RARFRIRBANTRIE , 1778 19 58 40 i (R
FEIGE M40 JRIE T4 X E AR K i 40 i A
S A ) h B K . STILAE 2R 4G I
AR 2Rk B4 R A ISR, AT RS R i
IR A R AR R, SCHERTRIE, STILAE fifides « FLIRSE -
B B B 1050 e 55 SL AR AR T
i HP R 5 B B M, T ELSTIL vl e it 24 5 fitr 783 48
LT (2 2 65 P e A i e U2 BRI, A S At S
AT Rl F-, STIL 2 15 38 1 R 2 o Jo] S0 3k 245 1
TG E, HATMANE R . A SR RNATHE &
T T A B AR, BIF 7T STIL 52 M £ 7 e 241 i J&) 1
I3 A IR R B o F-HL, S LA STIL AR 550 1) 46 i
BT SR TR AL PR I0 B

1 MR575E%
1.1 #ApE. sh¥ R LB

N4 4i i kk DLD-1. RKO. HCT-116.
SW480. SW620M [ H ERHERE A0, 4~5 1%
MEPE BALB/CHR B (745 2:18~20 g)) H AL Bt HE B fe A=
VIR IR AT 45l HE00 F (HColA160Su02)i

colorectal cancer; STIL; proliferation; cell cycle; Cyclin-dependent kinase 1

H AR A TR A, 1ZH LS a5 1004
S A 2L K60 55 2 2.
1.2 TEEFRS

S0 STIL KL A 1) shRN A 12 9% Bi(lentivirus
shRNA-STIL, shSTIL)W H b7 IR BHE A TR 2
H], %R NpLKO.1, UG5 T, f& 50
REEFER . ESERKPUIEIER, shSTILEE )7
H153 5184 5-GGA TGG TAC CTT TCC ACT TTC-3'+
5'-GCC CTG TAC TGT AAT GCA TTC-3', %} i+
PUF 43 59 9 shSTIL#1 . shSTIL#2. STILiS FEik g
WEE H B LR IR A PR A R, HR R
SEACANM_001048166.1.
1.3 EZEiK5

AU A5 7% F B IRPMI 164085 753, . 4115 «
JRE R Bt 1 25 [ Gibico 2 ] ; CCK-84H Hfd 3 HE A% ]
A B AL B E R AR A A WA T
PR 75 206 H 3 [H eBioscience A 7 ; anti-STIL . anti-
CDKI1#t/A I 5 3% E Abcam A 7] .
1.4 753
141 B RAEERERSE  KDLD-1. RKO.
HCT-116. SW480. SW6204H i [ &10% i 4 1fiL
JE I RPMI 164055753 T 5% CO,. 37 °CIHIR ;77
bR IR, FRILA IR 40%0, PLSTIL T 189% 5%
(shSTIL#1. shSTIL#2)58id #1875 £ 1 G4t i, JF:
MRS E R (3 ng/mL) Bt ik ia iRl 1 )5
142 CCK-8%%  HUOWHAKIARKO. HCT-116
FACFRE AN, 12 2% 10’4 /AL BT 96FL1R,
BHINEIL, IR 1~5K)5, LA 10 uL
CCK-8iRF, k45555 4 hig, PARSFR OS24 FL7E
WA 450 nm AL FIOE EE (DY, 1 AR ] (OR)
AAFR, DAE YNAARR, Lt AN 7] i B 2H 20 A i) A= it
2,
143 aBHaFEER BOHZEKIIRKO. HCT-
1655 A3 ZH 20D, BeFh T 6FLAR (2004~ /4L)H, BELH3A
STAL, GREREFR2E, AT RO R P L s B, 2%
1E$EFR . I DL R A S R 2 40 15 min, 45584



40

BRI

JLt8,20 min, ST, R RN e A R
HINEE, MAFE LI A 1 e B H 3T Rt
o
1.4.4 AKX g e 52 3 Ae ) 4n e B 2 o A A R T L
BARE 925640 RKO. HCT-11640 i 1 il T =
THALS min, HiI1FE R AH LR, 70% L EE T4 °ClblsE
W, 35 COBE, PBSPREE2IK. JoFIRNARE 137 °Chb
30 min, 8L HEE(PDE LI E 10 min, EHL.
SR FH L A0 RSN e A (7] SI 5 2F 441 it J&) 39 B A ) 70
i o

BRI SLIH RKO HCT-11620 0 FH Bl T =
i FIHAE S min, PBSYEVR G, LA 100 pL&5 & 22 Ml
£ FMA2.5 uL Annexin V-APCE iR et 5 iREE0
5 10 minj5, EAURI . J5 Q4 B SR A [] sz a6
HIFET- 4N E L.
1.4.5 RAKLFHHEEE WS T R &
PSR E R XN R B A6 B 2% 1 2 vk (L v 5
202204005K). 4~5J# BALB/CHE R 2 W%, 0N
X HEZH (shCtrl). shSTIL#14H. shSTIL#24H, 6 H /4.
I BN B AR KB RKO SIS 2H 4T i, JRAGT =i
WAGS5 min)5, FTCIMLIERPMI 16408577 3E B &, %
YIBLIR E A 51084 /mL, T4 AR 35 5 FiEAN
100 pLATAEIR (5% 1034/ ), H @R 5% N R Ha R
BEAY , FRRRAR R 50~100 mm?, LLIFAR R R &
RRKAR . FAR, LIRABR, HL A R S50 20 g AE
K2R ; 28 R G ALFEA R, FRE, AT AN A S i 21
AR ESR .
1.4.6 Western blot  AN[F]SZEG2H 40 M H2 R0 T 6 FLAR
x10°4NFL)H, 4k8:853724 h, PBSEEIE G, LN
RIPAZE T VK _E244% 30 min, 4 °C 1 2000 xgi&
215 minJ5 I E B KT . BL20 pght it EAETSDS-
PAGEREEHEAT HIYK (100 mA. 1 h), Fa 46152 h,
Jit HE 9K = B 41 1 h, PVDFE 5 STIL(1:2 000)3t%
&, GAPDH(1:4 000)i/4 T4 °CHAC & ; TBSTH:
BeJa, Zhu(1:5 000)Z= I E 2 h; WAINECLALY KO
V)T PVDFJE b, BB
1.4.7 ALK Fa o h ti4 R 75 °CT-JE4H Mt
7545 min, M. BEEE (100%~ 95%. 80%-
75%) LEEKAG , B gl A 408 v T e B b
PRI T IR S, 3% A A=
I8 FEA10 min/E, FISTILYUA(1:500) 4 °Chi & it
W PBSUEGR G, —$137 °CHiF A 1 h, lMINDABH A1,

B PSR AL, BT R ER I EERL, 1 LLTS
KRERMNZ, HEEIE (75% 80%- 95%. 100%)
MK, W B, =i N g RS
o LA 160BREAS (2L 4400 Fr 38 i $ A 1 4R
LRI B, A2 SO FH Aperio TmageScore 4T
I, MBEAF KRB B . g f b2
ZIRIERL R A A e, DABHMETAR B 43 b5 et 5
IFFNE R o E, FERRE A7 (K 4 40 9 STIL 15y
FIkM . ARFIEY.

1.4.8 TCGA%MjEHEAZoH  MTCGAKHE
J T R 4 e e S A B, 123 A R L B 568451
SE e S 2 R0 44 geE 55 1E % L, I B e . e
5 2123 STILH AR 1L ; K H Spearmantf 5¢ 5%k
M EE i 443 STIL . CDK 1 i 235 J2 75 47 76 AR
Ktk

149 %itE 7k NHASPSS 22.05 {43k 47 5256
BT, TR TRER A A58 (EA A0 ) s Ak RIS
ISR IEA 23, THECE R} EL R A 56 5k fisher b
Wk . P<0.05K/RNE il 2= E 5

2 H#R
2.1 STILTEZERAFE K 255 tA LR P Y SRIA 7K
Wi % STIL i 3 32k 11 45 i 9 40 M ik A o T2
I, FRATTE 55K FH Westem blotyE A6 5 1k 45 B e 48
Jfl (DLD-1. HCT-116. SW480. RKO. SW420)H
STILHFRIE K. 45 H EoR, STILYE RKOAI HCT-
11640 futkH 2 =KL (EI1A).
2.2 TUBRSTILHNF 457 = 2m A5 BE
FATH K B ] STIL I shRNATS i 25« B X}
HENS 5 AR AL B G B KA RKO . HCT-11641M0, F
KA CCK-8. FLIETE R SEe: , Ao I A [ b 35 2H 2 i
(IXG5E . ST RAE 1. S5 R ER, SXIRAMm,
DUBR STILJG , RKO. HCT-11640 i i 36 5 3% 1 5 2%
B (P<0.05) (B IBAIE 1C)o P4 7 i 5206 th B,
Xt HEAR L, YIBRSTIL)G , RKOFITHCT-11641 T2
S R () RE 7 42 3 BRI (P<0.05) (I DFIAIE) .
2.3 ERSTILE S 41 B B HAPE 7 7E G/ MER H- 18
BT
PATTR DL A M AAS I STILYTCBR XS 485 e 24
R A AT TR . G5 R EOR, S IRAAIEE
ShSTIL#1. shSTIL#24b#2H RKOAN HCT-116% T4 il
Eb 49 3 25 18 75 (P<0.05, B2). RKO/shSTIL#1. RKO/



X 4AF5 25 STILIE it CDK {2 i3k £ 7 e 20 i 164 41

(A)
STIL s -

)t o o s

E

DLD-1  HCT-116 SW480 RKO SW620
(B) ©
- HCT-116
12 -o—- shCitrl 169 -o- shCtrl RKO
-k- shSTIL#2 -&- shSTIL#2
-m- shSTIL#1 1.2 shSTIL#1 5 [
0.8" 1% %
o *
% % 5
Q Y 084 oa
0.4 - -
0.4 -
..... [ s o
0 1 1 1 1 1 0 1 1 1 1
1 2 3 4 5 1 2 3 4 5
Time /d Time /d
(D) ) (E)
Pt == shCtrl ShSTIL2
© mm shSTIL1
— 3k
= 200 - = —
skkok —
[5 M 1
jan) f 1
Y 150 -
)
— <
E
LT g 100 4
e (&)
/ =]
Qo [ 5 =
v [ o O
o~ “\;X ' 50 4
1o i Nk .
shCtrl shSTIL#1 shSTIL#2 HCT-116 RKO

A: STILAEAS [F) 25 e 4l B ik v 6 34 f Western blot&l; BLC: HCT-116. RKOZHMIAS A AL BEAL(STIL T304, R 4L) CCR-814 4 #h 26 14; D: HCT-
116+ RKOZUMIASF AL FRAL(STIL P4 XHRA) Te pE 45 R e 0 I E: HCT-116. RKO4IAA [ AbBEEH 7 B X B 4 i Bl . #P<0.05, *#P<0.01,

**%P<0.001.

A: Western blot of STIL expression in different colon cancer cell lines; B,C: CCK-8 proliferation curves of HCT-116 and RKO cells in different treat-
ment groups (STIL interference groups and control group); D: HCT-116 and RKO cell clones in different treatment groups (S7IL interfering groups

and control group) were stained with crystal violet; E: statistical graphs of clone numbers of differently treated HCT-116 and RKO cells. *P<0.05,

**P<0.01, ***P<0.001.
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Fig.1 Knockdown of STIL expression inhibited the proliferation of colon cancer cells
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Fig.2 Knockdown of STIL expression promoted apoptosis of colon cancer cells
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A,C: cell cycle analysis of HCT-116 and RKO cells in different treatment groups. B,D: cell cycle distribution statistics of HCT-116 and RKO cells in
different treatment groups. **P<0.01, ***P<0.001.
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Fig.3 Knockdown of STIL expression arrested colon cancer cells in G»/M stage
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Fig.4 Knockdown of STIL expression inhibited the growth of subcutaneous tumor grafts in nude mice
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Fig.5 Promotion of colon cancer cell proliferation by STIL via up-regulating CDK1
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Fig.6 STIL expression in colorectal cancer and adjacent tissues
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SEIL LR, STILIE 3k A0 f 34 58 g ) 2 25w T xt
HR41 (P<0.001), LA AbFEZH (STIL-OE+RO-3306)
fﬂﬂﬂ’@iﬁﬁzﬁ PR F T R A HP<0.001) (K
) [, STILIE 3R 1K 2H 410 f T B v I 1) g 7 5
TR AL (P<0.001), 17 BEA AL HE 4 (STIL-
0E+Ro-3306)éﬁlﬂ’@ﬂéﬁkﬁlﬂéﬁﬁﬁwﬂ%ﬁ&%ﬂ%yf_
(P<0.01)(EISDAIESE).
2.6 STILFEZERAfRA LA R P HIFRIEER
il A RS R R B E A 4B, e
g R R B R T4y, STILE R IA T Iy 4l

TR . LS HIm A (n=96) YLt i [ 5
et [ PE R IRFUN 6.743.14, T 5544 (n=56) A
4.1142.5, & WilcoxondE S5k 46, KINZE T B A%
T E L (P<0.05)(B 6A). TCGAZE e i 55 41 4k
?E%#Mﬁ ERIRIESE, R 41404 STILR A /K P
BEETREHL(E6B). WA KGR AL R EoR,
STILYE 4 Wi 4H 2R b (1) 3R I8 7K P 2 2 v T 55 4 41
(El6CAIE6D),

3 g

MR R — AR R AR HAS T T AR,
ST P A R R A S TR I AR R G, LS A0 A
R U(G/Ss Goy/M) K G FR AR 2 A 2 i . A
WK A SRR R, R R B SR AR AT, B
HERE, MR S IDNABE . ARIE T, DAI4ERe gyt
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R M. STILME NI E M E M & A, fEH
22 R E ST ROk, It GyME RS, 2t
Y sr 20, SR, STILSR W Rk 5 5l g g4 K
SIEEI, R . H AT SCERIRIE, STILYE A2 5
g BRI, ATRER IR R B R 1) X
BATIBE T —5. DRk, S8 1m) STIL A SR B4 5 v
BEGLR . PURMEEMIT Y. N T T IRNASR
B RN IR VR TT (RET T

STILTE i 98 38 A% o F2 vp 1 1 B o0 7 L 5
JifRg A 5% . WANGEE i , STILI@ I HIF 1o-
STIL-FOXM 11, b 7 [A) J53 i A4 e it A2 32 it Jig s
UG A . RS . WANGE PRiE, STILiET 5
KLF64 & e ik = B LR 4n f f 3 5 . 1B A=
%8, STILW % PI3K/AKT/mTORIE B L B e . %
PRSI 4 R 20 1 2R A B A0, S R R,
STIL =R IA S Bt 8 A R W5 A ¢, STILi@E
#E¥F AURKA (aurora kinase A)fe e 161 J57 & 14 5 £ T
., #0% Shh(Sonic hedgehog)(E 5 i , e 34 3
JEU, KASATZECVR I, STILLE i b B2 oA 983 2% Al figs
fr S e S RIE. STIL SR &40 K1 (sup-
pressor of fused, SUFU)4k & FF4Mi| HoyE 14 , SUFURZ
Wi 2 53¢ (K]~ GLIT B35 P4 B A% e o7, T GLIT 4% 4
Jfr3gsE . PRk, STILEIL 5SUFUZE A, fEFRSUFU
X 5 R F-GLIL 4], 1S GLILIE ANl A%, i
JR R 4 B T 48 4 . PRADHANZSU 2 57 5o, STIL
W T HEARICY CD44. CDI33KEIL , AKH Shh
%, M H STILH#E 254 2 ABCB1. ABCG2
(WL, 5 45 W A M 25 T AE 5% . AR 98 R
STIL 4% CDK 1R, MRt ff i Bt A , (it 5
TR A5 | X 5 PRADHANZE VIR 55 H AR 72,
VESESTILIE T A 6] 73 WL 5 45 e o

2111 B J 333k A P 40 PR B B (1 (Cyelins) 4
i JE 31 B 1 A 1 B (Cyclin dependent kinase,
CDKs). CDK#JI#il|5 (CDK inhibitors, CKIs)ii# .
HH, CDKsA&—H 2 J R/ AR & N, Wil
YA I A SRR R, BRI RE A, UK
AN AN 22 3 23 FE 1. A A Cycelin-CDK
ST VAT 4 M A R R I B SO S R AL LA
T A0S A RIA K S BUE TR,
Al 5 A SZ S A B IG 5E , F RR 2, 24K
1E, 22 b JE A A CDK sH A\ 78 40 i A 309 1 4%
WP REHEREMEM . MBEAS 4B G

DNAEHUN (S). G2 (M), Hr, G/MIH
B 3 A2 CDK 1S, CDKIA 5 A B AT 5 [ s
WG, 24 Cyclin BRIAZ|— @ REFERS, P& 45 5T K
AR, COK I EEE, IXBh4H it N A 22 7 2404,
AT 224y 34511, Cyclin BHE %A% , CDK 1 P FF(E,
Y11 ST E NG 3. K, CDK 13 Rk s B
WA, RIS R AR, AT R AR . SCERIRIE,
CDKI/EfTE . &8, 4. BanE. 855
T[] o 8 % St 22 s IA U2, i B, CDK I T
S AR (R BEFL IR, iR CDK T /N RN AN 2 AT
S, (R, CDK AT B2 B IR 16 97 1 78 0 B i )
H w7 & P 40 176 STILIE I i ¥ CDK 1 Kk (2 i3k 45
St A Mt R AR , ASHIE 5048 ] CDK 101571 b
HESTIL = RIA M 45 e 40 i, 45 R o, 451 4 i
PR 338 B i A o S 2 A, U B STIL I i i 4% CDK 1
Tk, (RS W R AR R R o AR, STILAnfar i 4%
STILE XA 73 i3t — 2 7t

M2, AW seiEss T STILE N i CDK g
STt SRR, SO P 9 s, AT A 4 i e 4
WG R F L . BRAE SCHRIROE , STILS 25 e 4 A
Tt R g AT i 25 VAR OC . R, STIL W] R
BRI ZE W VR 9T BT RE R
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