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WE B ST XDOR N R AN E & 20 FEMEF 2 (MST2) BHZ S A g 54 E
Pl L P A0 45 e JR 0 IR (R SR . T BRI B A 112 1 45 L i £ 390 910 IE 446 A
413 %1, FHHL 2mL AE I TS 2R AR R /3 1Y AR HE NCBI-Hapmap £id 22 32 4t 1 Hh B O AN BEEE 2 A5 4L
PETfE MST2 JEA (M B IR 2 A8 (SNP) ¢ SRFH Tagman #REHEHHTIEN /38 Logistic 5555
SNP7ESLRRIE. k. Sk, Btk 4 P e N 555 BRI RIS W 0 KUK T8 ) Sk
. R JLfEE MST2 2K 54> SNP, Bl rs11783149., rs10955176. rs7827435. rs4075986.
rs3019295. SNP rs4075986 15 4% BLI7 i A AR AHOGIE, 5 GG+AA ZERITUAHEL,  AG J 5 L4577 2 A0 A
R [OR (95%CI1) =2.473 (1.844~3.316) |; H5GG+AGH: A AIMLL, AG+AA JER AN K7 KK T
E[OR (95%CI) =2.475 (1.844~3.323) ]. SNP rs4075986 #ll rs3019295 5 B i &9 KU A e Bk, 5
rs4075986 GG+AA &R LT A Lk, AG Z[HNAIE 8 K M+ = [OR (95%CI) =3.411
(2.387~4.874) 1, 5 GG HFALL, AGHAA BIBLRHET#[OR (95%Cl) =1.824 (1.262~2.638) J7E4:
ORI = 5 rs3019295 GG+AA JEKI RUAHLL, #5717 AG JEP Y B A UKL (IR [OR  (95%CI1) =0.706
(0501~0.996) ]. SNPrs11783149 1 rs4075986 -5 45 7 A i B AHOCH,, 15 rs11783149 CC 2k A B4 5 AH
b, TTHEHB[OR (95%CI) =10.883 (1.186~99.862) I CT F:KZY[OR (95%CI) =1.665 (1.036~2.675) J#%
W Gl R &M KRS TR 5 rs4075986 GG LRI AUHE T H AHLL, AG+AA ZEFAI[OR (95%CD) =1.824
(1.262~2.638) & il RIBRGTHE, - 458 MST2 FE[H SNPrs3019295 AG X B AT i 2 B (0 {3
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Association study between mammalian sterile 20-like kinase 2 SNPs and colorectal cancer

Wang Xingyul, Ma Licong?, Dong Wenjiel, Gao Fang3, Jia Yanbin'

(lSchooI of Basic Medicine and Forensic Medicine, 3school ofMedical Technology and Anaesthesia.,
Baotou Medical College, Baotou 014040;2The Second Afiliated Hospital of Baotou Medical
College,Baotou 014030)

Abstract Objective To explore the association between mammalian sterile 20-like kinase 2 (MST2) gene

polymorphism and haplotype and the risk of colorectal cancer, rectal cancer, and colon cancer in the Han
population in Baotou area by case-control association study. Methods A total of 390 patients with colorectal
cancer diagnosed by pathology and 413 normal physical examination pop- ulation were collected, and 2 mL
of peripheral blood was taken for subsequent gene genotyping. Single nucleotide polymorphisms (SNPs) of
MST2 gene were screened according to the genetic polymorphism data of Chinese Han population provided
by the NCBI-Hapmap database. Gene genotyping was performed by Tagman method. Logistic regression was
used to calculate the association between each SNP and the risk of colorectal cancer, colon cancer, and rectal
cancer under codominant, dominant, overdominant, and recessive genetic models. Results Five SNPs ofMST2
gene were screened, namely rs11783149, rs10955176, rs7827435, rs4075986, rs3019295. Among them, SNP
rs4075986 was associated with the risk of colorectal cancer. Compared with the rs4075986 GG+AA
genotype, carrying the AG genotype [OR(95%CI)=2.473(1.844- 3.316) could increase the risk of colorectal
cancer. Compared with the rs4075986 GG genotype, carrying the AG genotype [OR(95%CI1)=2.475 (1.844-
3.323) could increase the risk of colorectal cancer. SNP rs4075986 and rs3019295 were associated with the
risk of rectal cancer. Compared with the rs4075986 GG+AA genotype, carrying the AG genotype [OR(95%
Cl)=3.411 (2.387-4.874)] could increase the risk of rectal cancer .Compared with the GG genotype, carrying
the AG+AA genotype[OR(95% Cl1)=1.824 (1.262-2.638)] could increase the risk of rectal cancer. Compared
with the rs3019295 GG+AA genotype, carrying the AG genotype [OR(95% CI)=0.706(0.501-0.996)] could
reduce the risk of rectal cancer . SNP rs11783149 and rs4075986 were associated with the risk of colon cancer.
Compared with the rs11783149 CC genotype, carrying the TT [OR(95%CI1)=10.883(1.186-99.862)] and CT
[OR(95%C1)=1.665(1.036-2.675)] genotype could increase the risk of colon cancer, respectively. Compared
with the rs4075986 GG genotype, the AG+AA genotype [OR(95%Cl)= 1.824(1.262-2.638)] could increase the
risk of colon cancer. Conclusion MST2 gene SNP rs3019295 AG genotype may be protective factor for rectal
cancer. SNP rs11783149 CT and TT genotypes maybe risk factors for colon cancer. SNP rs4075986 AG and
AG+AA genotypes may be a common risk factors for colorectal cancer, rectal cancer and colon cancer.

Key words colorectal cancer; MST2; single nucleotide polymorphism; genotyping; association study; Hippo
signaling pathway
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SEEi s (colorectal cancer, CRC) 1EAy# WLIKIBERIG, AF4E3ET- \Sehr B4k 2 £, 768
[, CRC IR R ARILR A AR 2 frfnas 4 6%, HET, 877 CRC M3 0T B s F ARV
HOGTT G itr s, (8 T RN A CIk P, YaTP RS, H BT R RIS, 5 4

[4-6]

HEIFRARE 10% . WA AE % 20 R 2 (mammalian sterile 20-like kinase 2, MST2) & Hippo
PR AL B ) LT, R R R MST2 MR, ABRR I, RS
A1 (single nu-cleotide polymorphisms , SNPs) fgfif i id & FE R 1A /KT, 2 CRC 4H s E AN

T, MM CRC R4 RIE. HAET, DRIL50 £45 CRC MM SNP 750", (5 MST2 SNPs 5
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CRC IHIAH SRR FE AT AR WARE o %W 78 5 L /- T B Sk X DU N FE T MST2 Je[R 2351 K H iRl S
CRC ¥ RS KM, v CRC B IS IWrAIG YT #2258 1 5885 1 o

1 e s

L1mmIBRE Witk 2018 4F 9 H—2019 4 10 H 7E 403Kk i fieg = Be 2295 B 27112 CRC ¥ &% 390 41
HRGIE, ANIRHER: BRG], ARSI BT, ToHARRRE A 5 . AR RN Tk B
2 5 — B IR R R AT IE AR I NBE 413 AN RRZH, GIANRIEJy: oAb RGuE gL st . BT
B BE MR NBESRONE, AN MRS, Eaki4E 54 E. KM EDTA
BRI 2 mLAMNA L. BT 2 58 SRS R, A IR Sk 2 e L A0 B B 4 o Al
CRE At QEEAR S Ak 2021 55 007 5) .

1.2 SNP HyfiEie 5HF 738
1.2.1 SNP KIffie  SNP [IFfLL T i EAR A 225 SR, R 2k Ui 4% NCBI-Hapmap %4 ¢
(http:/fhapmap.ncbi.nim.nih.gov/) $&4E 1) o B e AR I8 16 2 S AR 3E T AR 0 SNPs [fifiik, ik yi
BAEEE K 1 ANSME T B 20 kb MG | AMMNE 7 R 10 kb 151, AGRIEA & R R iR P81, 2
SRR SNP 7E 7 BIPOEE NBE P 1) e/ NS5 A7 2k R4 2 (minor allele requency, MAF)>5%, &I T4
(linkage disequilibrium, LD)#H5% %% r2>0.8.
rs7827435. rs4075986. rs3019295 £ xi HEAT 73 HARIC, FERI RIS FEBR T S EMRHECA IR A 7 78
Bo BAREWIR: PCRRFIRAZ N5 uL, HAEHE: Master Mix 2.5 ul; TagMan probe 0.1 pL; ddH,0
1.4ul; DNA 1.0puL (10ng) . TagMan #REF X H 5P 136 E ABI AR THE . PCR M MHA:
95 °CTHAZE 10 min, 95°CA1E 155, 60 °CIRKHLEM 1 min, FLHEAT 40 DMEFE . FE[H 70 BRI HIFER
AT EE LR, SR HEYIEE 5%DNA i S MEE B A AR AT BRI, DAIGUE S Rk
PEo RSSO A E M 100%.
13 Gt #Ab B RHAJ SPSS 26.0 BRI e EAT 20 Hr o SRHT-RITAS I G I 2% SNP F)3E 5 2 73 A1 52 75 4
# Hardy-Weinberg “F-ff, DALAS 3G AT ST AT I ROREASAER AR /e 75 B AR R RRRIRR LS BB AR R 2R
TEJR G AT RELEL 2 (B (R 23 AT 22 s R 7RG L e i R 3 ] 2B AT v Bt 2 2 1) 10 4 A 22 e DA R T
Ll A AR TR AR AE i 5 AL AN K R 2 P (0 43 A1 22 57 Logistic [BIATH SR04 7R B2 J5 (¥ LU (A L
(oddsratio, OR) DLK 95% {5 [X[d (con fidence interval, CI) FILAPFAL 54> SNP fESL &1k, Bk, #8
SYEL BAYE 4 FOSAERAL T 55 CRC. BSR4 e I OBt DABVTAS SRR S50 () SRk . TH5E
FitAE BEN (akaike information criterion, AIC) 1 JUH-Hi{z E#EN] (bayesian information criterion,
BIC) SRIFNMBM AL Rk, AIC A1 BIC FMERL/)N, IR 0 Bl A0 5 FEBR LS . SR SHEsis X
X IFIE HH ) MST2 JE DK ) SNP H 22 SRS, JEPRAG SRR b5 CRC. B e I 4 e 1 1 R IR
P<0.05 NZFA G o
2 g%
2.1 FIAME— IR EE 20T AGURI L0, KL 390 (B h A B 216
Bl gifadE 17461, 44ttt SHHRAS CRC. HWJE & 4 W S LR oA 2 7 08 4t %
BOG xRS S i H AT A 2 57 A Gt 2 3 5 CRC M B 4 2 18] 59 73 A1 (4 22 5
TG L. W&k L

£ 1 TSR RAEBL L
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Tab.1 Comparison of the general situations ofthe research subjects

Variable Control Colorectal cancer Colon cancer Rectal cancer
(n=413) (n=390) (n=174) (n=216)
Age [years (meanzsd)] 57.24+10.78 60.824+10.94™ 60.18+10.84™ 61.33411.01"
Age range (years) 26-85 25-87 25-85 27-87
Gender [n(%)]
Male 152 (36.8) 156 (40.0) 81 (46.6) © 75 (34.7)
Female 261 (63.2) 234 (60.0) 93 (53.4) 141 (65.3)

*P<0.05, **P<0.01 vs Control group.
2.2 % SNP K EBAR 5 CRC AR R  RRIE AR R, % SNP [EE K AL A7 78 %) {441

(4 rs11783149=0.370, 5 rs10955176=0.493, y rs7827435=0.501, y rs4075986=0.470,
x2r5301929520.081, ¥ P>0.05) HfF 4 Hardy-Weinberg P-4, Logistic [ 344745 R 7R, MST2 SNP
rs4075986 AG F:[HAUITESL Pt MR M 3 FlstAE R R 35 5 CRC M M5 ARG HH DG . Ho bl 2
PR AR O REH A, W3 2. SNP rs11783149. rs10955176. rs7827435. rs4075986 Fl rs3019295
kg 10 MR, Mg ACCTG[OR (95%Cl) =1.518 (1.162~1.983) ]#1 ACTAG[OR (95%Cl)
=2.225 (1.104~4.483) 154458 5 CRC & M £ IEAHIE, GCCTG[OR (95%CIl) =0.544

(0.400~0.739) ]#1 GCTTG[OR (95%Cl) =0.466 (0.284~0.765) 1H.4A% 5 CRC A&Jm M 2 A, W

#*3.
F 2 APBRAEERRE SNP 5 CRC &% MUK Logistic [81 )543 #r 45
Tab.2 Logistic regression analysis results of the association between each SNP and the
incidence
risk of colorectal cancer under four genetic models
Control group Case group
SNP Model Genotype [n%)] [n(%)] OR (95% CI)@ P value AIC BIC
rs11783149 Codominant CcC 348 (85.7) 319 (84.0) 1 -
CcT 57 (14.0) 56 (14.7) 1.064 (0.708-1.598) 0.767 10685 10872
T 1 (0.3) 5 (1.3) 5.464 (0.623-47.905) 0.125
cc 348 (85.7) 319 (84.0) 1 -
Dominast CT+TT 58 (14.3) 61 (16) 1140 (0.766-1698) 0519 ~ 10091 10878
Recessive CC+CT 405 (99.7) 375 (98.7) 1 i
T 1(03) 5 (1.3) 5416 (0.618-47.452) 0127 ~ 10664 10851
; CC+TT 349 (86.0) 324 (85.3) 1 -
Overdominant
CT 57(14.0) 56 (14.7) 1.050 (0.699-1.578) 0.813 10695 10881
TT 101 (24.9) 100 (26.5) 1 -
rs10955176  Codominant CT 213 (52.5) 192 (509)  0.936 (0.663-1.321) 0706 10663 10850
cc 92 (22.6) 85 (22.6) 0.979 (0.648-1.477) 0.918
1T 101 (24.9) 100 (26.5) 1 -
Dominant CT+CC 305 (75.1) 277 (73.5) 0.949 (0.684-1.315) 0.752 1066.2 10849
. TT+CT 314 (77.4) 292 (77.4) 1 -
Recessive cc 92 (226) 85 (22.6) 1023 (0.728-1.439) 0895 10663 10850
Overdominant 11 7CC 193 (475) 185 (49.) 1 ) 10662 10848
CcT 213 (52.5) 192 (50.9) 0.945 (0.711-1.257) 0.699
rs7827435 AA 123 (29.9) 112 (29.4) 1 -
Co-dominant AT 213 (51.8) 206 (54.1) 1.061 (0.766-1.470) 0.719 10788 10975
T 75 (18.3) 63 (16.5) 0.941 (0.613-1.443) 0.779
. AA 123 (29.9) 112 (29.4) 1 -
Dominant  ATATT g8 (701) 269 (70.6) 1030 (0.755-1405) ogs2 10788 10975
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rs4075986

rs3019295

Recessive

Overdominant

Co-dominant

Dominant

Recessive

Overdominant

Co-dominant

Dominant

Recessive

Overdominant

AA+AT
TT

AA+TT
AT

GG
AG

GG
AG+AA

GG+AG
AA
GG+AA
AG

GG
AG
AA

GG
AG+AA
GG+AG

AA

GG+AA
AG

336 (81.7) 318 (83.5)
75 (18.3) 63 (16.5)
198 (48.2) 175 (45.9)
213 (51.8) 206 (54.1>
226 (56.2) 133 (34.3)
146 (36.3) 229 (59.00
30 (7.5 26 (6.7
226 (56.2) 133 (34.3)
176 (43.8) 255 (65.7)
372 (92.5) 362 (93.3)
30 (7.5 26 (6.7
256 (63.7) 159 (41.00
146 (36.3) 229 (59.00
121 (30.1> 140 (36.2>
195 (48.5) 165 (42.6)
86 (21.4) 82 (21.2)
121 (30.1> 140 (36.2)
281 (69.9) 247 (63.8)
316 (78.6) 305 (78.8)
86 (21.4 82 (21.2)
207 (515 222 (57.4)
195 (48.5) 165 (42.6>

0.905

1.086

2.646
1.627

2.475

0.996

2473

0.736
0.858

0.773

1.024

0.781

1
(0.623-1.316)
1
(0.817-1.443)
1
(1.950-3.592)
(0.915-2.894)
1
(1.844-3.323)
1
(0.573-1.733)
1
(1.844-3.316)
1
(0.532-1.019)
(0.579-1.273)
1
(0.572-1.046)
1
(0.724-1.449)
1
(0.587-1.040)

0603 10786
0571 10786
0001 1031
0.097

0001 10399
0ge0 10773
0oo1 10398
0065 10753
0.858

0095 10735
0go3 10763
00g1 10734

1097.3

1097.2

10717

1058.6

1096.0

10585

1094.0

1092.2

1094.9

1092.1

a; Adjusted for gender and age.

F* 3 MST2 B4A%1 5 CRC B4 #T

Tab. 3 Association analysis between MST2 haplotype and colorectal cancer

Haplotype 8

Case group

[n(%)]

Control group

[n(%)]

2
x Vvalue

P value

OR (95%CI)

ACCTG
ACTAA
ACTAG
GCCAA
GCCAG
GCCTG
GCTAA
GCTAG
GCTTG
GTTTG

155.93 (0.208)
30.54 (0.041)
24.61 (0.033)
47.24 (0.063)
29.93 (0.040)
74.08 (0.099)
206.32 (0.276)
35.68 (0.048)
23.99 (0.032)
4447 (0.059)

117.33 (0.150>
25.30 (0.032>
11.88 (0.015)
66.19 (0.085)
19.59 (0.025)
131.17 (0.168)
219.75 (0.281)
31.64 (0.040)
52.06 (0.067)
32.94 (0.042>

9.464
0.829
5.255
2.482
2.821
15.407
0.023
0.516
9.513
2.493

0.002
0.363
0.022
0.115
0.093
0.001
0.879
0.473
0.002
0.114

1.518 (1.162-1.983)
1.283 (0.749-2.197)
2.225 (1.104-4.483)
0.732 (0.496-1.080)
1.636 (0.916-2.921)
0.544 (0.400-0.739)
0.982 (0.782-1.235)
1.197 (0.733-1.955)
0.466 (0.284-0.765)
1.450 (0.912-2.305)

23 % SNP R EET 5 H 58 &M R KRB 45 R

8 The SNP order was rs11783149, rs10955176, rs7827435, rs4075986, and rs3019295.

Logistic [FIH5#T45 R 278, MST2 SNP

rs4075986 AG FEFRIFEILE . MBI T DKL AGHAA B[R BULE B EHE T T 1 5 B e K
I AR AH DG (3 P<0.05) , H A R EsAD N RIERA, WK 4. 5 GG+AA ZEFAMLIL, AG K&
ER 4 1 2 095 UK BE s [OR (95%C1) =3.411 (2.387~4.874) ], S5GG+AGH:RHEBIMLL, AG+AA R

FUYEAT 2 K7 MG B B [OR (95%C1) =3.246 (2.254~4.673) ]; MST2 SNP rs3019295 AG % [KZI7E#E 5
PEBAL T T 5 B e 5% AR OGS, 55 GG+AA LRI RIALL, AG FEPRI AL & 1 B e Ko R
fK[OR (95%CI) =0.706 (0.501~0.996) ], W.384. SNP rs11783149. rs10955176. rs7827435. rs4075986

F1 rs3019295 DL E e AL RAR e 10 NHAR, He ACCTG. ACTAG il GCCAG 5 B ligis ki

ARG 2 IEAZE (38 P<0.05) , GCCTG 1 GCTTG 5 E 7 &5 M 2 A 5% (¥ P<0.05) . % 5.
9



K4 AP T % SNP 5 BIE KOm MR SR Logistic [2119 43 #7 45
Tab.4 Logistic regression analysis results of the association between each SNP and the incidence

risk of rectal cancer under four genetic models

a: Adjusted for gender and age.

Control group  Case group

SNP Model ~ Genotype (%) ] [n(%)] OR (95% CI) @ Pvalue AIC  BIC
1s11783149 cC 348 (85.7) 185 (89.8) 1 :
Codominant CT 57 (14.0) 20 (9.7) 0.630 (0.363-1.093) 0.100 7659 7835
T 1002 1(05) 1971 (0.119-32670)  0.636
: cc 348 (85.7) 185 (80.8) 1 -
Dominant crerT 58 (143) 21 (102) 0652 (0.380-1120) 022 (004 7831
: CC+CT 405 (99.8) 205 (99.5) 1 i
R
soessive TT 1(02) 1(05) 2063 (0.125-34.148) 0613 (o7 7854
: CC+TT 349 (86.0) 186 (90.3) 1 -
Overdominant = ¢.p 57 (140) 20 (97) 0628 (0.362-1000) 009 (o>t 7827
T 101 (249) 50 (24.4) 1 )
rs10955176  codominant cT 213 (525) 107 (52.2)  0.999 (0.657-1518) 0.995 766.1  783.8
cC 92 (22.7) 48 (23.4) 1.059 (0.644-1.741) 0.821
. T 101 (249) 50 (24.4) 1 -
Dominant
oMMt cTicc 305 (75.0) 155 (756) 1016 (0.682-1514) 0936 (002 7838
: TT+CT 314 (77.3) 157 (766) 1 -
R
ecessive cc 92 (227) 48 (234) 1060 (0.706-1591) 0779 oo 7837
: TT+CC 193 (475) 98 (47.5) 1 ;
Overdominant  “or™ 313 (s25) 107 (522) 0971 (0.690-1368)  0ges 00+ 7838
rs7827435 AA 123 (29.9) 60 (29.0) 1 -
Codominant AT 213 (51.8) 117 (56.5)  1.101 (0.745-1.625) 0.630 776.0  793.7
TT 75 (18.2) 30 (145)  0.823 (0.483-1.403) 0.474
: AA 123 (209) 60 (29.0) 1 )
Dominant
OminaNtATHTT 288 (70.0) 147 (71.0) 1029 (0.708-1496) 0.0 (02 7939
: AA+AT 336 (81.8) 177 (855) 1 -
Rece e
S T 75 (182) 30 (145) 0774 (0484-1236) 0283 />0 7927
: AA+TT 108 (482) 90 (435) 1 )
Overdominant
verdominant = UAT 213 (s18) 117 (565) 1180 (0.836-1661) 0344 (>3 7930
54075986 _ GG 226 (562) 60 (28.0) 1 ]
Codominant AG 146 (36.3) 143 (66.8)  3.599 (2.476-5.238) 0.001 759.5 7772
AA 30 (7.5 11 (5.2) 1.493 (0.701-3.178) 0.298
: GG 226 (562) 60 (28.0) 1 -
Dominant
MMM AGHAA 175 (438) 154 (720) 3246 (2254-4673) 0001 (2 7989
: GG+AG 372 (925) 203 (94.8) 1 )
R 7833 8010
pressive AA 30 (7.5) 11 (52) 0745 (0.362-1534)  0.424
: GG+AA 256 (637) 71 (33.2) 1 -
Overdominant
vercomimant = TaG' 146 (363) 143 (668) 3411 (2367-4874)  0oo1 (0% 7940
rs3019295 ) GG 121 (30.D 78 (36.6) 1 -
Codominant AG 195 (48.5) 87 (40.9)  0.681 (0.462-1.004) 0.053 7814 799.1
AA 86 (21.4) 48 (12.5)  0.912 (0.574-1.448) 0.696
: GG 121 (301) 78 (36.6) 1
Dominant 7794 7971
! AGHAA 281 (699) 135 (634) 0750 (0.525-1.072) OO
: GG+AG 316 (786) 165 (875) 1
R 7815  799.2
eressive AA 86 (21.4) 48 (125) 1135 (07541707 0%
GG+AA 207 (515) 126 (59.1) 1

Overdominant 0.047 7779  795.6

AG 195 (48.5) 87 (40.9) 0.706 (0.501-0.996)

F# 5 MST2 HfER 5 B e It S A
Tab.5 Association analysis of MST2 haplotypes with rectal cancer

Case group Control group )
Haplotype & (%) ] [n(%)] x Vvalue P value OR (95%CI)
ACCTG 90.79 (0.225) 117.33 (0.150) 9.664 0.002 1.627 (1.195-2.215)



ACTAA 19.68 (0.049) 25.30 (0.032) 1.810 0.179 1.509 (0.826-2.758)
ACTAG 18.52 (0.046) 11.88 (0.015) 9.726 0.002 3.073 (1.466-6.439)
GCCAA 27.29 (0.068) 66.19 (0.085) 1.242 0.265 0.768 (0.483-1.223)
GCCAG 21.77 (0.054) 19.59 (0.025) 6.321 0.012 2.187 (1.172-4.080)
GCCTG 33.32 (0.082) 131.17 (0.168) 17.259 0.001 0.433 (0.289-0.648)
GCTAA 115.89 (0.287) 219.75 (0.281) 0.002 0.962 1.007 (0.768-1.320)
GCTAG 12.96 (0.032) 31.64 (0.040) 0.593 0.441 0.772 (0.400-1.493)
GCTTG 15.01 (0.037) 52.06 (0.067) 4,597 0.032 0.530 (0.294-0.955)
GTTTG 16.38 (0.041) 32.94 (0.042) 0.034 0.854 0.945 (0.515-1.732)

a. The SNP order was rs11783149, rs10955176, rs7827435, rs4075986, and rs3019295.
24 % SNP REAMRTN SR Ko MR R AT 45 R Logistic [F1JA 70145 R R, MST2 SNP
rs11783149 1£ 4 P AL ASAY T 35 5 46 g S A AH ORI, b 3k BV SR ST AL @ g A iy, W3k
6. 5 CCHEEAMLL, TTRREAEIENH[OR (95%Cl) =10.883 (1.186~99.862) I CT K A4 & [OR
(95%CI) =1.665 (1.036~2.675) 4 Mg /0 ARG . BbAk, SNPrs4075986 7Rt it i, BEMH
WAL N 5 55 i Soms U AR ORI, BAMEBMERA y Bod st i, Wk 7. 5 GG R HAAALL,
AGHAA BIFEHEH H[OR (95%C1) =1.824 (1.262~2.638) J/E4: A K WIS 5. SNP rs11783149.
rs10955176. rs7827435. rs4075986 I rs3019295 LALE fpiie 4k B A Ak 9 AN Bk, Mo
ACCAA[OR (95%CI) =2.235 (1.015~4.924) M1 GTTTG[OR (95%CI) =2.062 (1.221~3.483) 1545/

P8 A0 R 2 IEARSE, GCTTG[OR (95%CI) =0.410 (0.203~0.827) 14544 I & XU AR %, Wk

7.
£ 6 4 FIBAERIT T & SNP 545 A U B Logistic B 4 4145
Tab.6 Results of Logistic regression analysis on the association between each SNP and the risk
of colon cancer incidence under four genetic models
Control group Case group
SNP Model Genotype [n(%)] [n(%)] OR (95% CI) & P value AlC BIC
CcC 348 (85.7) 134 (77.00 1 -
rs11783149 i
Codominant cT 57 (14.0) 36 (20.7) 1.665 (1.036-2.675) 0.035 689.2  706.6
TT 1 (0.2 4 (2.3) 10.883 (1.186-99.862) 0.035
Dominant CcC 348 (85.7) 134 (77.0) 1 - 6911 708.6
CT+TT 58 (14.3) 40 (23.0) 1.826 (1.151-2.894) 0.010
; CC+CT 405 (99.8) 170 (97.7) 1 -
Recessive 692.0 709.5
TT 1 (0.2 4 (2.3) 9.957 (1.088-91.158) 0.042
Overdominant CC+TT 349 (86.0) 138 (79.3) 1 - 693.6 111
CT 57 (14.00 36 (20.7) 1.619 (1.008-2.599) 0.046
TT 101 (24.9) 50 (29.1) 1 -
rs10955176 ;
Codominant cT 213 (52.5) 85 (49.4) 0.854 (0.556-1.312) 0.470 6939  711.3
CcC 92 (22.7) 37 (21.5) 0.878 (0.523-1.474) 0.622
Dominant TT 101 (24.9) 50 (29.1) 1 - 693.6 7111
CT+CC 305 (75.1) 122 (70.9) 0.861 (0.574-1.292) 0.470
Recessive TT+CT 314 (77.3) 135 (78.5) 1 - 694.1 7116
CcC 92 (22.7) 37 (21.5) 0.974 (0.629-1.508) 0.905
Overdominant TT+CC 193 (47.5) 87 (50.6) 1 - 693.9 711.3
CT 213 (52.5) 85 (49.4) 0.905 (0.630-1.301) 0.591
1s7827435 ) AA 123 (29.9) 52 (29.9) 1 -
Codominant AT 213 (51.8) 89 (51.1) 0.981 (0.648-1.486) 0.927 7005  718.0
TT 75 (18.2) 33 (19.0) 1.070 (0.630-1.818) 0.802
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Dominant AA 123 (29.9) 52 (29.9) 1 - 2006 1180
AT+TT 288 (70.1) 122 (70.1) 1.004 (0.677-1.488) 0.984
Recessive AA+AT 336 (81.8) 141 (81.0) 1 - 2004 1179
TT 75 (18.2) 33 (19.0) 1.083 (0.683-1.719) 0.734
Overdominant ~ AATT 198 (48.2) 85 (48.9) 1 - 2005 1180
AT 213 (51.8) 89 (51.1) 0.956 (0.666-1.372) 0.806
GG 226 (56.2) 73 (42.0) 1 -
rs4075986 ;
Codominant AG 146 (36.3) 86 (49.4) 1.851 (1.259-2.721) 0.002 686.2  703.6
AA 30 (7.5) 15 (8.6) 1.691 (0.853-3.355) 0.133
Dominant GG 226 (56.2) 73 (42.0) 1 - 6837 L1
AG+AA 175 (43.8) 101 (58.0) 1.824 (1.262-2.638) 0.001
Recessive GG+AG 372 (92.5) 159 (91.4) 1 - 6936 2110
AA 30 (7.5) 15 (8.6) 1.277 (0.661-2.465) 0.466
Overdominant ~ GG*AA 256 (63.7) 88 (50.6) 1 - 6858 2032
AG 146 (36.3) 86 (49.4) 1.719 (1.188-2.489) 0.004
GG 121 (30.1) 62 (35.6) 1 -
rs3019295 ;
Codominant AG 195 (48.5) 78 (44.8) 0.779 (0.517-1.175) 0.234 693.4 7108
AA 86 (21.4) 34 (19.5) 0.768 (0.462-1.277) 0.309
Dominant GG 121 (30.1) 62 (35.6) 1 - 693.0 2104
AG+AA 281 (69.9) 112 (64.4) 0.776 (0.529-1.137) 0.193
Recessive GG+AG 316 (78.6) 140 (80.5) 1 - 694.4 118
AA 86 (21.4) 34 (19.5) 0.888 (0.565-1.395) 0.605
Overdominant  GG+AA 207 (51.5) 96 (55.2) 1 - 6941 _—r
AG 195 (48.5) 78 (44.8) 0.862 (0.599-1.241) 0.424
a: Adjusted for gender and age.
F T MST2 HART 5k e < B AT
Tab.7 Association analysis of MST2 haplotype with colon cancer
Case group Control group
Haplotype 2 [n(%)] ()] ¥ value P value OR (95%CI)
ACCAA 12.33 (0.036) 13.12 (0.017> 4.189 0.041 2.235 (1.015-4.924)
ACCTG 63.86 (0.186)  117.33 (0.150) 2.797 0094 1337 (0.951-1.879)
ACTAA 9.90 (0.029) 25.30 (0.032) 0.067 0.796 0.906 (0.429-1.914)
GCCAA 19.90 (0.058) 66.19 (0.085) 2.185 0.139 0.677 (0.402-1.139)
GCCAG 42.25 (0.123) 131.17 (0.168) 3.284 0.070 0.706 (0.485-1.030)
GCTAA 91.09 (0.265)  219.75 (0.281) 0.135 0713  0.946 (0.705-1.270)
GCTAG 20.06 (0.058)  31.64 (0.040) 1.964 0161 1507 (0.846-2.682)
GCTTG 9.61 (0.028) 52.06 (0.067) 6.583 0.010 0.410 (0.203-0.827)
GTTTG 27.83 (0.081) 32.94 (0.042) 7.589 0.006 2.062 (1.221-3.483)
4. The SNP order was rs11783149, rs10955176, rs7827435, rs4075986, and rs3019295.
3R

CRC Rk R B 2, Who ™ “mibE R, 4FS. WRfr. 3. WM. FRESRIRAESERZE] R CRCMRIRIEE . MST2 {E Hippo
TSR BB E R 1 L5, SRR R A, B ST MR G A g 5 s E R, B R,

CRC IR K JE5 SNP M5, Yan etal "0 & AL T IncSLCCL SR AR T X ity SNP rs6695584, 172k ) A>G 48 i2s 1 i T4
Ve, B FECINCSLCCL #6ik 1il. MTTIRIE HK2 263k, SRENRERARIE 1297 s CRC JHWRIZEK:; Gong etal™ % KBTBD11 4 [K SNP

rs11777210 5H A MYC SNP rs6983267 2 [AI7FEAZ HAEH, JF H 53577 rs6983267 TT-rs11777210 TT JE R B ABEALL, #EHy

rs6983267 GG-rs11777210 CC #: [N CRC 5 B4 2.83 1%,



SNP rs4075986 Fll SNP rs11783149 fir - MST2 JE K A % 7 [X, AW 5L SNP rs4075986 AG ik [5 1
M AG+AA 5 CRC. &l B I AR X R IEAHDS, WRER CRC. H Wi Fl4h e i G R Al
#: SNPrs11783149 5450w K AR ARDE, o CT A1 TT ZEFE B T g2 4 i ek R % . SNP
rs3019295 fii T MST2 £ X _E i, fEAWFFH, rs3019295 &5 B i &I WG AR DS, JL AG A M sl 2 B
W R R 3R . A FLHEoR K I SNP rs10955176 1 rs7827435 5 CRC LW M 46 Wi i) R o AR
KM e PRARZLTE BT OC MST2 B[R 2 757 5 g | BT BT IR e S AR B 1) 5 88 JR 8 IR 11 S ERGATE 5 h R B
SNP rs10955176 CC JE[K| 5 55 rs7827435 TT Jk K| B4 v fie 2 W | TR TR R QLA AR BT 171 5 o A XU (1 DRy 8]
%, SNPrs4075986, rs11783149 1 SNP rs3019295 5 AE 5% 1] B J A MG JEORIE ™, IR 1 72 53 T RE A2 FH
Fix 2 SNP A7 s AEAS R K R AR R SR P BN E AN o [RIE,  ARHF 0 45 AR B0 [F]— SNP ZEAS [T
e F) S RS v B (e F AR AR ). TG T SNP rs3019295 FAF 78 i oK WL H A 4R 1E,  HAR FIAL
BRI, 95T SNP rs11783149. rs10955176. rs7827435. rs4075986. rs3019295 ##fH{A%l 5 CRC,
B G e R AR R R R BRI AR WA RIE, R A YR S 36 45 B 75— B i FL e sk

25 L PR, SNP rs4075986 AG Jk K| BL4f iy 2 (1 45 s Ao ARt e, 37 AG JERI Y T RE 2 51 K
CRC HIfE 3R . SNP rs3019295 AG ik [K| 415 7 2 1) L i A i RS B, 42718 SNIP rs3019295 AG 3
N SR B R R PERN . SNP rs4075986 AG FE K AL FI AG+AASE (R RUHEN 4 7F CRC. ELiE . 45
ot ko AR &, 188 AG BRI AT BER TR 3 FmEI SR [ 3K . SNP rs11783149 CT. TT AR
e A TESS e SO R T, SR o S DR Y W] 82 51 R 45 e 1) fa B TR 36
SR, ASHEFCMAPE e R R 2 4b: B, B FE FURE bR Id AL R 2 A P K 7

0% T MST2 rs11783149. rs10955176. rs7827435. rs4075986. rs3019295 JEATHIFE, HAIGHRIT T XLt
SNP 5 CRC. e M 45 10 A R AR D, TR 9 ¥ SNP 2 75 S0 Ho 4 1 (14 8 11 MIST 2 (938 7K
SFAITIRE, IR Hippo {5 S AL T H T 2 F IS T EE, #E— B S8UT BRI R AR R A
TR, ROk kR R YRR SN S BAE A SC R BT TR SNP AL ThEE: 3B, BEALREARZIA
BRUN, BINABOORUUR, B 5 R AS B E A [ i AR ot — D ESE AR A m R . an @i
BE— LI TCRIE T 5 CRC. B S 45 i s IS R IR SNP,  URARAH J5 S i it — 25 i Wt e 9
AR RRAE A M 2ok 70 20 K HAR 2 B I bs S Rk

[21]

11



Bk
[1] Abedizadeh R, Majidi F, Khorasani H R, et al. Colorectal cancer: a comprehensive review of carcinogenesis,

diagnosis, and novel strategies for classified treatments[J]. Cancer Metastasis Rev, 2024, 43(2): 729-53.
doi:10.1007/510555-023-10158-3.

[2] Han B, Zheng R, Zeng H, et al. Cancer incidence and mortality in China, 2022[J]. J Natl Cancer Cent, 2024, 4(1):
47-53. doi:10.1016/j.jncc.2024.01.006.

[3] Wang Z, Dan W, Zhang N, et al. Colorectal cancer and gut microbiota studies in China[J]. Gut Microbes, 2023,
15(1): 2236364. doi:10.1080/19490976.2023.2236364.

[4] Shen T, LiuJ L, Wang C Y, et al. Targeting Erbin in B cells for therapy of lung metastasis of colorectal cancer[J].
Signal Transduct Target Ther, 2021, 6(1): 115. doi:10.1038/s41392-021-00501-x.

[5] Abedizadeh R, Majidi F, Khorasani H R, et al. Colorectal cancer: a comprehensive review of carcinogenesis,
diagnosis, and novel strategies for classified treatments[J]. Cancer Metastasis Rev, 2024, 43(2): 729-53.
doi:10.1007/510555-023-10158-3.

[6] Yuan Z, Xu T, Cai J, et al. Development and validation of an image-based deep learning algorithm for detection
of synchronous peritoneal carcinomatosis in colorectal cancer[J]. Ann Surg, 2022, 275(4): e645-e651.
doi:10.1097/SLA.0000000000004229.

[7]LiuY X, Wan S, Yang X Q, et al. TRIM21 is a druggable target for the treatment of metastatic colorectal cancer
through ubiquitination and activation of MST2[J]. Cell Chem Biol, 2023, 30(7): 709-25.e6.
doi:10.1016/j.chembiol.2023.05.009. [PubMed]

[8] %)  FR. 45 B AH G D et B R 22 35 1t (1 4 8 RS ML 4 [D]. B AR IMYE K%, 2023.
doi:10.27149/d.cnki.ghdsu.2023.004158.

[8] Zhao Liu . Identification and characterization of functional SNPs and their regulatory proteins on

colorectal cancer [D]. Shanghai: East China Normal University, 2023.

doi:10.27149/d.cnki.ghdsu.2023.004158.

[9] Yan T, Shen C, Jiang P, et al. Risk SNP-induced IncRNA-SLCC1 drives colorectal cancer through activating
glycolysis signaling[J]. Signal Transduct Target Ther, 2021, 6(1): 70. doi:10.1038/s41392-020-00446-7.

[10] Gong J, Tian J, Lou J, et al. A polymorphic MYC response element in KBTBD11 influences colorectal cancer
risk, especially in interaction with an MYC-regulated SNP rs6983267[J]. Ann Oncol, 2018, 29(3): 632-9.
doi:10.1093/annonc/mdx789.

[11] Chien H, Chu Y D, Hsu Y P, et al. An SNP marker predicts colorectal cancer outcomes with 5-fluorouracil-
based adjuvant chemotherapy post-resection[J]. Int J Mol Sci, 2024,25(12): 6642. doi:10.3390/ijms25126642.

[12] So7HE, FE/NEE, /07, 55 WHALBIIAN B & 20 FRE 1 3L R 2 800 5 45 B i SRR e M [J]. =
BRI K2R, 2024, 59(3): 547-53. doi:10.19405/j.cnki.issn1000-1492.2024.03.028.

[12] MaL C, Yan X X, Gao F, et al. Association study between mammalian sterile 20-like kinase 1 SNPs and
colorectal cancer[J]. Acta Univ Med Anhui, 2024, 59(3): 547-53. doi:10.19405/j.cnki.issn1000-1492.2024.03.028.
[13] Eng C, Jacome A A, Agarwal R, et al. A comprehensive framework for early-onset colorectal cancer
research[J]. Lancet Oncol, 2022, 23(3): €116-28. doi:10.1016/S1470-2045(21)00588-X.

[14] Dekker E, Tanis P J, Vleugels J L A, et al. Colorectal cancer[J]. Lancet, 2019, 394(10207): 1467-80.
doi:10.1016/S0140-6736(19)32319-0.

[15] Sun Y, Jin X, Meng J, et al. MST2 methylation by PRMT5 inhibits Hippo signaling and promotes pancreatic
cancer progression[J]. EMBO J, 2023, 42(23): e114558. doi:10.15252/embj.2023114558.

[16] Park J, Kim G H, Lee J, et al. MST2 silencing induces apoptosis and inhibits tumor growth for estrogen
receptor alpha-positive MCF-7 breast cancer[J]. Toxicol Appl Pharmacol, 2020, 408: 115257.
doi:10.1016/j.taap.2020.115257.

15



[17] Zheng H, Wang H, Xu Y, et al. MST2 acts via AKT activity to promote neurite outgrowth and functional
recovery after spinal cord injury in mice[J]. Mol Neurobiol, 2024, 61(11): 9016-31. doi:10.1007/512035-024-04158-
9.

[18] Wang Y, Risteski P, Yang Y, et al. The TRIM69-MST?2 signaling axis regulates centrosome dynamics and
chromosome segregation[J]. Nucleic Acids Res, 2023, 51(19): 10568-89. doi:10.1093/nar/gkad766.

[19] Yan T, Shen C, Jiang P, et al. Risk SNP-induced IncRNA-SLCC1 drives colorectal cancer through activating
glycolysis signaling[J]. Signal Transduct Target Ther, 2021: 6(1): 70.d0i:10.1038/s41392-020-00446-7.

[20] Gong J, Tian J, Lou J, et al. A polymorphic MYC response element in KBTBD11 influences colorectal cancer
risk, especially in interaction with an MY C-regulated SNP rs6983267[J]. Ann Onol, 2018, 29(3): 632-9.
doi:10.1093/annonc/mdx789.

[21] Ma L, Gao F, Dong W, et al. Association study between SNPs in MST1 and MST2 and H. pylori infection as
well as noncardia gastric carcinogenesis[J]. Dig Dis, 2024, 42(3): 230-9. doi: 10.1159/000536507.

15



