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Study on the mechanism by which BTG1 regulates the occurrence
and progression of colitis-associated colorectal cancer
via affecting epithelial-mesenchymal transition
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[ Abstract ] Objective To investigate the expression of B-cell translocation gene 1 (BTG1) in ulcerative colitis (UC) and colitis-
associated colorectal cancer (CAC), and whether it affects the “inflammation-cancer” transformation process by regulating epithelial-
mesenchymal transition (EMT). Methods Clinical intestinal mucosal tissue samples were collected and the expression level of BTG 1
and EMT markers were detected. Using HCT116 cells, an intervention experiment on BTG1 knockdown and overexpression was
conducted to analyze the changes in EMT-related protein expression and the alterations in cell migration and invasion abilities. In
addition, an azoxymethane (AOM)/ (dextran sulfate sodium (DSS) mouse CAC model was established to compare colitis and tumor
burden in wild-type and intestinal epithelial-specific BTG1 overexpressing mice. Results BTGI1 showed a progressive decrease in the
active phase of UC and in the CAC tissues. Its expression level was negatively correlated with the disease activity, and was accompanied
by the loss of E-cadherin and the increase in Vimentin expression. At the same time, the results of in vitro experiments confirmed that
BTG1 knockdown could induce EMT in cells and enhance their migration and invasion abilities, while overexpression of BTG1 reversed
this phenotype. The in vivo experiments demonstrated that overexpression of BTG1 could significantly alleviate the inflammatory
response in the colon, reduce the number of tumors, shrink the tumor diameter, and also improve the expression levels of intestinal barrier-

related proteins. Conclusion BTGI is lowly expressed during the progression from UC to CAC. Its downregulation promotes
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inflammation-cancer transformation via activating the EMT process. Restoring BTG1 expression can inhibit the EMT process, alleviate

inflammation and reduce tumor burden, indicating that BTG1 may serve as a potential therapeutic target for this disease

[ Key words] B-cell translocation gene 1; Epithelial-mesenchymal transition; Colitis-associated colorectal cancer; Intestinal

mucosal barrier; Ulcerative colitis

W9 TR 45 W % (ulcerative colitis, UC) B 16 351 1
o A% Al kR O S5 W RO K 45 B W 9 (colitis—
associated colorectal cancer, CAC) , 1% &9k A% . 1] {1
BMERZ RS o IR R 2 UC 1] CAC #4 4k
G BE R, b B - 1] 58 5T #% AL (epithelial—
mesenchymal transition, EMT) 7£ 2 if & # # .0 1B
JHPY, 45 K5 B 2 11 E (calcium adhesion protein E, E-
cadherin ) &35 % L 1 Vimentin % 35 5 Y 0% 72
B AR AR o B ME 5 L N1 (B-cell
translocation gene 1, BTG1)7E CAC H Y i85 Ui RE
i 0 A7 38 A B9 S 7s Heaed e 58 T A 1 i e 4
JfLAR 28 IR R4l 2% W LA 45 1 1 9 (colorectal
cancer, CRC)H AU LR IRE, H 5 B H A R
JEHRIFES . EUiFH/N RNA=-301 a(microRNA-301 a,
miR-301 a) 7] 3 3§ [ BTG 1 5 m iy 1= % ke oy g
{0 A5 B 2 EMT #E 72 , DL K JHAE UC 1] CAC
F AR R o g AR L W A B R T,
AW A i R FEAS 20 3 52 90 K Sl ) R AL T & &
GRTE, EENA LS © WIH BTG1 /£ UC-CAC i
e Y FBABACHAE ,  HS EMT R AL JAE T 3 5
(51K 5 @ BE BTG X i b Bz 4R i EMT 3228 K 5T
Pz 2 RE 1 iy ELERIEVE T O WAAER Ll BTG
FIKAEA IS UCAHICHE I 2 451405 ] CAC Y & A=
K&, e UC TS B S ST Pl s e Ak o
Mt o
1 ZEREFE
L1 —RERSRAEE

[l JB 1R 29 A 2024 4F 3 A 2 2025 4F 12 H TRy I
HiE— N R BE Be I AL N B O 2 52 45 i B A A 54
BFEARMZIAFE o S fARFEX IRZL (HC) « A
K B AR o TR IRA T 45 W B A A, B2 T SO B IA G
RS I 35 B, 55 19 i, e 16 1], - AR Y (41.3+
12.7) % ; UC Zf WAL 455 UCIZWibntfiE, 250 R Mayo
W43 <2 43 H N 45 Mayo 1743 <1 434 30 ], H b 55
1741, 22 13 1), P-4 4F % (38.7+11.5) £ 5 UC 1% 5l 1)
4 MR Mayo PF-93>6 73 (Wb - BV 3 ) & 4249, 55
2349, 2 19 9], P 4% (40.1+13.2) ¥ s CACHL: K

WucH s (=84) & IF45 v 18491, 55 1049, &
8 M), P-4 (52.4+9.8) %, AR v [] i P HUIR 4 231
PRI 2% >5 om (9958 55 “ AR IR R 20 24 Uk M CRC
ZH (AF UC R ) = 22 i S AE 5 5 AH 5C i g %o 1L, 55
1261, 22 10 ], F 4% (57.6+10.1) % . ARWF5E 24
T 28— N R e B 2 AR 3 22 L 2t e

PN AFRUE A1 >18 % 1 AT 3230, CAC 5 £
KRG hi2 . HEERAniE: © G IFHAL A & 4
925 B 3T 3 A~ 3 AT G g 0 R0 /A R Y AR
3@ MR P ;B FRA A /2 5 RNA & A B A
(A260/A280<1.8) 1Y B .

B8] 27 X W 2 R A A1 2T, SR FH 10% Hh AR
IR SR IE 2 A AL HE 5 Oy B4 e A R T AT
T-80 CL-AF RNA/E I
1.2 FHik
12,1 SEEF 28O i B A B 5% Vi (quantitative
real-time polymerase chain reaction,qRT-PCR ) ¥l

K I TRIzol 15 48 BUZH 20/ 40 A A 1) L RNA | fiff
H PrimeScript™ RT i 7 £ (TaKaRa) I % 5% & i
cDNA. SI¥FFIE 1L,

=®1 S¥FE5
FEH PR 5475 1) 5 Y 5 (5'—3")
wrcl Forward  CCTGGAGAAGGAGCTGAAGA
Reverse TGGTCTTCATCATGCTCTGG
o Forward GAGAACTTTACCCTTG
Vimentin
Reverse CATTGTCAACACGTCCATCT
ol Forward CTGGAAGATATTCGGACCCA
na Reverse GCCTGGCACTGGTAATGG
 Forward  GGAGCGAGATCCCTCCAAAAT
GAPDH (N %)
Reverse GGCTGTTGTCATACTTCTCATGG

TE: SR 27T A X ik i

1.2.2 Ayl 41k~ (immunohistochemistry ,IHC)
AED) R S PR (H,0, BELT 9 1 2o 4
W I, In—$t (BTG1 1:200., E-cadherin 1: 300,
Vimentin 1:400) ,4 ‘CH# 5 i % ; HRPFRiC —HiiE S,
DAB W8, GR R R E Y o R PPk Al e R
TRV Y (s FE P o < BHPE T AL A 43 HL P4y, e >
458 UNE R . R BT R 4R 2 Y
K% , 2 QuPath v0.5.0 [ 2l 5& e FHPE I AUE 2 b 5
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Y5569 BE (average optical density, AOD) ; A #5715
—HERIF(1CC=0.87) , i 250 11 L QuPath 3K {44
B T

123 ks S

HCT116 4 i T 7% 10% &4 135 A9 DMEM 15 3%
BEHEAT R RS IR (BE 9 451 : 37 °C,5%C0,) . =E
21 < B EZH (NC, 7 G4 LT siRNA) (BTG 1 i fik 4l
(BTG1-KD, % 4% BTG1 siRNA) . 25 # 1& X // 21
(Vector, 54t peDNA3.1 75 £ i ks ) Fl BTG 1 1 Feik 4
(BTG1-OE, %% pcDNA3.1-BTG1 H 21 ki ) . fdi J1]
Lipofectamine 2000 %% 4% 48 h J& W 45 41 f A &, i
R qRT-PCR 5 8 A R ENE I 56 00F
1.2.4 A BEIZE T (Western blot, WB)

K FH 5 2 F A A 3R A4 RIPA S ik 4% 2 5020 it
SV, BCA BRI A8 4 Mk BE AR 1 RE o 48 SDS-
PAGE Hi k2 %% 2 PVDF . 5% R 5 5 == 1% & PA
1.5 h, TBST %% i J5 it A — $t (BTG1 ., E-cadherin
Vimentin . N—cadherin .Snail .GAPDH) ,4 CF:IKIFH
T s TBST Y5 N A HRP AR —Hi = iR F 1 h,
FRRVERE . ECLAL2E B AR R G RFESH |, Image]
A B 2 K FEAH L L) GAPDH A NS AL E
AHX ik
1.2.5 Transwell iT 5 5278525

TR S HU S5x10* 4i i F & F JC I i DMEM 1%
FEH AP 2 8 um fLAE Transwell /NE % F =&
A 10% FBS B DMEM 58 48535 5L, B T 37 °C.,
5% CO, AN M5 FRAAMF T 24 ho BUH /NG, SR PEE
A 25 i SR e, B AL B 5 A o A% L 1 I fl B
THEATANB AL . (R ZE SR I % T Matrigel FE 5T
Jie (1 8 % 8 ) 91 00% & B, AR AR L BN i 5%
S,

1.2.6 /NG

16 H1 8 Jil i C57BL/6) B AE B /N EL(WT, n=12)
Kfipy b K BTG i B Rl ik 3Rk /NEL (BTG 1™, n=10) .
B A /N BB R E B E BT A AR e
(azoxymethane, AOM, 7.5 mg/kg) ; M1 f&@ 2 Al 5 , 45 7
3 %4 BB R N (dextran sulfate sodium, DSS)fE#F,
B[ 3.09% DSSHRFHZKAAME 7 d, B e 55 45 1F % TR K AR 35
14 d, G FRIEER . AR ] 4 IS BRUAA o 6
1O SR P 9 16 B 45 %X (disease activity index, DAI) , 3£
Y 2 AR BE/INRR 3 S SE R A I AL 4T, RARHA IR 3

BOEAR > 1 mm MR 25715 0 D0 £ g i AR 5 404
f 41 2318 2 PR A7, H T IHC R I o 55 HCER 3 41
Z1-80 ‘CIKFH AL, —iB 5> FH T qRT-PCR &I 5 —3
- T OB ER SR B K X % (enzyme-linked
immunosorbent assay, ELISA) £ I 7 25 B 11 20 Bl £
Z -6 (interleukin—6, IL.—6) . 988 31 78 K] T — o (tumor
necrosis factor—o, TNF—a ) o 25 T
1.3 HitEFE

% FH SPSS 26.0 M GraphPad Prism 9 A AT E
Pt o A5G B0 9T i 5O LS B e i 22
(ws) RN , AL FEBCR IS FEA R 3, 240 AR
K FH LR 2R 5 220 M, PR EE 38R FH Bonferroni 2 5
G 06 5 AH S PE 43 AT R FH FH Pearson Y Spearman #H 543
Fro P<005HZERALITFE L, HARS
G*Power 3.1 1} 3 , % B a =0.05, Power=0.80,
Cohen’s d=1.2, 7 2 #i& i /b 8 H ;5L bR WT 21
10 H . BTG1"™2H 9 2, i R FEAC R
2 #R
2.1 BTGl EBFRARFRIRIL

qRT-PCR Z5 8 178 (£ 2) , BTG1 mRNA [ HC
F CACTR AL R B I B H, UCTHE Sh i HC T
P2y 031145, CACHEZHAE—DRE R 2 0.12 4% (1
P<0.01) ; Vimentin 5 Snail % 2% 7} 15 , E-cadherin i&
HFEK . THC R (E 1), BTG £ ik RN HC 1
88.6% I 2 CAC R H LMY 16.7% ()P =37.21, P<
0.001) . AHEM:S3HT 7R , BTG1 mRNA 5 DAL 2 5
A (r=-0.68, P<0.001) , 55 E—cadherin % 1 1T
SR IEAE (r=0.72,P<0.001), HC 415 L5z 4
A UL E 5 BTG AR B B M e 5 (15 2A) , UC TG 314
2 PR % o5 B2 W I R AR (181 2B) o
2.2 BTG B{R/d RiL 3 HCT116 40l EMT 3R &
A

Western blot ¥ & ¥ (£ 3) , fifk BTG1 )5, E-
cadherin % & NC 4 19 0.41 % , Vimentin., N-
cadherin . Snail 73 ] 3% & 2.37 . 1.82 . 2.14 4% (¥ P<
0.01) . Transwell i %% 5 Matrigel 1% 28 556 4% 2 & 9
(R 4), T 5 1= 22 40 i 500 ) 36 24 82% i
133% (¥ P<0.01) . BTG1 i F& 3k W AT 36 5% iR 4L
N, E—cadherin YK 52 2 31 2 1% , [8] J5T A idi B 22 49 —
F LR 5 R E S B H 56.2% 5 59.5% (1
P<0.01),
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R2 BABFEBTG] . EMTFREHY mRNA #831RIEE R DAL L% (v+s)

2H 5 BTG1 mRNA (2744%) E-cadherin mRNA Vimentin mRNA Snail mRNA DAI

HC (n=35) 1.00+£0.00 (H:iE) 1.00+0.00 1.00+0.00 1.00+0.00 —
UCZEf (n=30) 0.72+0.117 0.86=0.09 1.3120.15" 1.1820.12 1.240.7
UCTHZ (n=42) 0.31+0.08"44 0.54+0.07"44 2.28+0.26744 1.97+0.2274% 7.3+1.8

CACHRIERE (n=18) 0.25+0.06" 44 0.49+0.08"" 44 2514031744 2.13+0.25"4% —

CACHUIZ (n=18) 0.12+0.047 2244 0.28+0.057 /A 44 3.64£0.427 044 3210384044 —

WM CRC (n=22) 0.19+0.0544 0.33+0.06"4* 3.12£0.37744 2.76+0.31"44 —

@ BTG1: BANM G (iEE 1; EMT: bz -MIsnffsib; DAL BWiGh8 8 UC: BimtEdms; CAC: S RMEE EMiE; CRC: 45
EHWE. SHCIL, "P<0.05, “P<0.01; S5UCZMNIL, “°P<0.01; 5UCIEMIL, *4P<0.01,

« BTG1 IHCFF4y

# E—cadherin IHCIE4)

¥ Vimentin IHCFE4)
8.2

7.3

G5y
O~ N WA L0

uc uc AC .
(n=35) MM TESVE dREEE ma8 1
(n=30) (n=42) (n=18) (n=18) (n=22) a i
FAFE A LAY (a) HC (b) UCH
E 1 BTGI.E-cadherin, Vimentin ZEA EBARAFELE L R 9 THC Fik A&z (x200) B2 FAEARNEFFHEHLH BTGB IHCHE(%200)
H: BTG1: BAUMISG (73 1; E-cadherin: #5AMIZEAE; THC: %4l . A. HCB. UCH BTGI: Bl S (i H 1; HC: f#HEXT
fk2; UC: Biatksilhge; CAC: SilpARMCEs A, CRC: Z5HME. Mdl; UC: BrataihR. & ORI ZR BTG FHMEY (X,

£3 BTGlAEEMTHXEARIETW[KEE/GAPDH, (k=) ,n=5]

20531 BTG1 E-cadherin Vimentin N-cadherin Snail
NC# 1.00+0.08 1.00+0.06 1.00+0.09 1.000.07 1.000.08
BTG1-KD (siRNA) £ 0.22+0.04™ 0.41+0.07" 2.37+0.217 1.82+0.16™ 2.14+0.19™
Vector £ 0.96+0.07 1.03+0.05 0.97+0.08 1.04+0.06 0.98+0.07
BTG1-OE 41 3.15+0.26"44 1.96+0.1374% 0.52+0.09"44 0.61+0.08"4% 0.47+0.07"4%

e BTGL: BAUMLG (i 5EK 1; EMT: F& -3 ; E-cadherin: 5K E. SNCIH, “P<0.01; 5 Vectorlt,, 22P<0.01,

#4 BTGIXHCT116 MER S5EERIFM (xxs, N/NEF)

215 R AAEL (Transwell) 1RZRUIMIEL (Matrigel)
NC4 13815 4248
BTG1-KD (siRNA) #1 251217 98+13™
Vector (pcDNA3.1%53%) 41 140+14 40+7
BTG1-OE (pcDNA3.1-BTG1) 41 60+£9" 4% 1625744

W BTG1: BANMES AR 1. 5NC4, “P<0.01; 5 Vectorddlt, “*P<0.01.

2.3 BTGIERIZBBAOM/MDSS/NREBREH 3 Tit

(K CAC BhyEE S 1o AW L4EF WK, BTG 1E UC [1] CAC #F & 1) 4
5 WT 4 #, BTG1™ /N DAT I B S A% | 45 FErp ST IE TR AR R RR S 5 40 T 2 T

FE A TR A R BCH D8 56.3% R HARWUN R CEMT AR W el 28 i BERR A, #2785 BTG 1 Rk =i

48.7%, Wi B B 1L-6 . TNF-a 4 . 35 N R (¥ P< EEEMHEBEEIIGE IR 5 EMT 227 )5 8 1) b

0.001)(F5). B, R HETOET BTG £ M8 v 59 D/ s
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x5 BEEEE(EISK)WTEBTGI™ /IR L% ZE BB S 8 (xxs)

WiH WT4 (n=10) BTG1™4] (n=9) t P

WG IARE (g) 21.8+1.2 22.1%1.0 0.662 0512
ZEIRE (g) 17.2+1.6 20.3+1.1 5.121 <0.001
DAL (0~ 1243) 8.4x1.3 5.1=1.0 -5.870 <0.001
i E (em) 6.4+0.5 7.9+0.4 6.831 <0.001
fRid /R (21 mm) 9.6+1.8 42+1.1 ~7.452 <0.001
BRI EA (mm) 4.7+0.8 2.420.5 -7.212 <0.001
HBUFRIETT5r (0~453) 3.3+0.5 1.8+0.4 -6.523 <0.001
FHIETL-6 (pg/mg) 286.4+31.7 147.2+22.5 -10.244 <0.001
FHFETNF-a (pg/mg) 198.7+24.3 103.6+18.1 -9.160 <0.001

W WT: B8 BTGL: BANMIS KN 1; DAL BRIGshIesk; 1L-6: H4IMEANE-6; TNF-o: RS T—o; IRECH . /NRALZE

=1 mm &5795 714

FEAEDT ST 38 43 57 {H AR HIF 58 UF 5 BTG 1 £ UC-
CAC HEf h R I E ] 3X — 45 5 Zhang 578
SE I SUh B ) “BTG K ik 5 B FH A RS
"B E518—3 . He 55 *HIESE miR-301a ] 38 i 1
0] BTG 1B SR 1 1 Bt B D) B , A9 78 BL SE Al 1F
— AR BTG Rk ] B F B EMT 06 , A
A 5~ e b o

AN 286 E 52 BTG J& EMT 8 a8 45 4 1, e
AT S EMT 3R B sm 4 M B 12 2%, i ik
WO 336 2 MO o A PN S E— 2B R B b R R
Pt 2638 BTG 1] U 4% 25 i 98 E S 7 & A Fif 788
fio FIRGE U BTG A] GBI 4 EMT HEFE &
FEORAP 0 6 B B B i A L 02 UC-CAC R P i ¢
SR R A R T, LA AR SR T TR A A TR A I IR
MrfE™",

AT GEAFAE AN oy BRAE < I R0 A B CAC BEAR
AR, 5T REEAR A — 25 50 0F , I VP4
BTG 1 k7K -5 B KA S 19 SIS 4 (8 44
ARV HCT 116 4 F TF R HIE , AR AT b 72
AR S o B SL B A5 W 1S P BTG A P UF EL
A FFE AR A 738 1 RNA-seq ., ChIP—seq £ R i —
AU 5 S S50 R T A ) AT, e 22 v
TR R AR SE B 3B B

2 I, BTG1 7E UC-CAC JE 72 v 3k B A #E 4t
L IR Bl S Ao A X EMIT B R SR | Rz R
o0 R P, DT AR S 2% 90 7 A 5 R 52 L3R 5K T 41 4
EMT I35 9 K Mg fif o BTG AL rp i) 3
T VRRFIE SR R AT BEAE WA R bR AR, ARk AT
PRFEAE 2 5l i 3 A BTG R 35K, DAL
UC A8 AR B TG A
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