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Mechanism of TOM1L1 inducing overexpression of MMPs through up-
regulation of the Nrf2/TET3/SHP2/ERK1/2 signaling pathway to promote

CRC invasion and metastasis
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[ Abstract] Objective : This study aims to investigate the mechanism by which TOM1L1 promotes the expression of matrix metallopro-
teinases(MMPs) through the upregulation of the Nrf2/TET3/SHP2/ERK1/2 signaling pathway , thereby facilitating the invasion and me-
tastasis of colorectal cancer (CRC). Methods : Through bioinformatics analysis, it was found that TOM1L1 was significantly highly ex-
pressed in CRC tissues, and a mouse model was constructed for immunohistochemical staining experiments. Western blot, co—
immunoprecipitation (Co—IP) experiments,and q—PCR experiments were used to detect the expression levels of key proteins in the sig-
naling pathway and MMPs. The cell migration and invasion abilities were analyzed by scratch test and Transwell assay , and inhibitors
(PHPS1,SCH772984) were used to block the activities of SHP2 and ERK1/2 to verify the feedback regulation mechanism. Results :
The results demonstrated that TOM1L1 overexpression significantly upregulated the expression levels of MMP2/MMP9 and formed a
positive feedback loop with p—SHP2 and p—ERK1/2. Additionally, inhibition of p—SHP2 and ERK1/2 activity led to reduced TOM1L1
expression, indicating a mutually reinforcing relationship among the three. The experiments confirmed that TOM1L1 accelerates CRC
invasion and metastasis through this positive feedback mechanism of the signaling pathway. Conclusion: This study reveals that

TOMI1LI significantly promotes CRC invasion and metastasis
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suggesting that TOM1L1 may serve as a potential therapeutic target.
This discovery provides new perspectives and strategies for the early

diagnosis and treatment of CRC.
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17q22 CFLI i B e R AR DG BE R IX ) , B 5 8 L
21 41 Jf 18 22 i 5 B3 988 2 DR [A] U 4 2 (erythroblastic
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phate , ATP) 45 G o i FLELA T8 77 M g 2008 W 1R
By C R i R, Z WA 9E O 48 7 |, Sre G0 B
S O 5 LI g S5 22 R IE 1Y & AR R SR AR
O, Hor Fyn 78 e 2 i rh oG ok SC B, {H AL 1 A
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body , MMP2) FI3 T 42 J& 2 141 i 9 H 44 (matrix metalloprotein-
ase 9 antibody, MMP9) , EGF B2 1L 7% Sre [R5 2 2544 5k 2 1
fi% 42 iR W 7R B 2 (phosphorylated Src homology 2 domain—
containing protein tyrosine phosphatase 2, p—-SHP2) il il 5
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SW480 4H it , #5 ¥ /7] TOMIL1 f)F 418 5 15 . 28 218 W5 15 40
S A SW480 4f il Bk Yy , 3K A3 TOMILL @ fIk 40 i &
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SRS A 2 G A6 RS B0, 1 Image Pro—Plus 6.0 4k 443 #7
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2, TOMI1L1-NC 15 214 5 SW480 41 i ; NC+EGF 41 , £ NC
ZH LAl N EGF (80 ng/mL) Hl# 12 h; TOM1L1-OE+EGF 41,
TOMI1L1-OF 12 4% 7 1% 5 SW480 41 Jit - jiti it EGF 4% (80
ng/mL) ; TOM1L1-OE+EGF+p—-SHP2 #1 il 57 41 , 7 TOM11L1-
OE+EGF 4 £ Al _F i p—SHP2 11 i 57 PHPS1 (10 wmol/L) ;
TOM1L1-OE+EGF+ERK1/2 1 il ] 41 , 7 TOM1L1-OE+EGF
ZH LR ERK 1/2 44577 SCH772984 (4 wmol/L) . M &3IE
Nrf2/TET3/SHP2 IE [a] J ¥ 5C 2 , 4 AU M 43 J 4 41 : NC 41,
Nif2-OE 41 , Nrf2-OF 12 4% & f& 5 SW480 41l Jifl ; Nirf2-OE+
PX-478 41 , Nrf2-OF 1% J% # & 3 SW480 41l M 3t #ifi - Jim
HIFlo #0 f 7) PX-478 (10 wmol/L) ; Nrf2—OE+PX-478+
TET3-OE 41 , 1 Nrf2-OE+PX-478 4 3Ll F fin A TET3-OE
TR R o

1.2.5 Western blot il 15t 48 SW480 41 i , & FH RIPA %¢
R . 2R UE VK B E 30 min, EE K HET
4 CHEIEET, 12 000 r/min B0 10 min, W B0 5 1 LG
W o K sk B2 (bicinchoninic acid, BCA) & H & &= 1%
D72 2 P e B AR I 2 4 2R, DA FL 20 pg Y 2R R b AT
FESINER . SERUIN#R T , T )R SDS-PAGE HL ik S48, B 4%
JEE & H . B S L A TOMILL, FYN, SHP2 ., MMP2.
MMP9, Nrf2, TET3 ., #% HIFla . t-SHP2, p-SHP2 . p-ERK1/2,
GAPDH ZHi 1R 4 HC B AE 4 CRIR I F . W H ,
JH TBST 28 i %t HL Pk & 3 U, 2 05 I A HURR 2o 44016 9
(horseradish peroxidase , HRP) #RiCBYHT R ¥ )5, M
ECL % & % 3 2 W — % & %% (polyvinylidene difluoride,
PVDF) B I, 4 B 8h k2= k6 A, 15 B Tanon GIS
RAF ST BT 251 IR AEL
1.2.6 ST 5% AE 18 B A B 5% S W (real-time quantitative
e 45 SW480 4 Aty , H
Trizol ¥ HE BUR A Z R (ribonucleic acid, RNA), % H RT-
PCRRF & VLI, K HEHUAY B RN A 255 55 M 480 8%
B 1% 12 (complementary deoxyribonucleic acid, cDNA) o DA
cDNA 1E g BEAR , =A% B RT-PCR 2 & 1 B 5 o 0 O 0
VAT B85 Wil 20 52/ (polymerase chain reaction, PCR) 73
F A R BRI E S 50 wlo 95 “CHAETE 3 min 5 UE AL
R EIR SR 95 CAS 15 s .64 CIB K 15 5,72 “CHEAf
1 min, BE 35K, MEHLER)G,72 CRIEM S min, 72T
16 CRMEAE . Lt b, L B-actin fEH NS, R FAAHRT
BRI A RS AR Y mRNA AHXT #2355 . PCREY)
J¥ %1 : MMP2 Forward Primer:5'-GACCGCGACAAGAAGTAT
GG-3"; MMP2 Reverse Primer:5'-GTTGCCCAGGAAAGTGA
AGG=3"; MMP9 Forward Primer : 5'-GTTAGCCAGAAGCTGC
GGT-3" ; MMP9 Reverse Primer:5'-CGACTTTTGTGGTCTTC
CCC-3'
127 RVESEE SRR ST SW4S0 41 iR AT R 45 1k, R
JOZANNERNIR S0 . 7ESE BN SWAS0 4 s Y5 , 44 11054~
R FD T 6 FLAR . A Al A AR K Al T B 1 2R 2 4
J&i , FAAS A W Sk 10 T T 40 R U2 X 20 8, B il 35+ Rl

polymerase chain reaction, qPCR)
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AR X R IR DX SR AT UL AN R 5%, T Tmage] B4 53
WA T AR LA R A T AR B 153 IR A& 28, TEA,
SW480 AT 74 fiE
1.2.8 Transwell 56, 7637 CHMEIR &M, B30 g
Matrigel PIEIH G R T Transwell 5 2 I Z5 101, 32 30 min, 1l
b 3 gt R A S A S Y SR I A L 5 BV B 11 ey
Ja B 1x10° 4> SW480 4l /it 12 Ff £ Transwell /M2 F% . Z
Je , AT EHCE AR B SR AR N BE T 48 h, 1R A B
BFEIEATIE TG 3 . I A WSS s U /N A 4%
T VAV ] 72 30 miin, fff 40 A A AL B A DA 2 o 122 58 A
Joi R RS ST A I 5 15 min, LA 5385 BAT UL Z2 411
Yo 255, IR AR 2B Transwell BE M), R & A 12781
M LR AR R NN . T R Ak PR A AT A
200 i R AS B0 S AUEE T L T H B 22 A0, ik 4 i 2 48
HEJT .
1.2.9  RPEILHINE UL SO 40 R AE R B 11, B0 s
BB A 40 WL 1 ProteinA+G B AR K , 4 ° C e #% 48 IR
R 2 b, AHR 254 1 000 r/min 5.0 5 min 2 J5 B
52 B AR, B mg B AT RN 1 g HUA . R 30
wL F 38 HAE Input, 23 55 BUZE 2 500 we B9 E3E A HBY
FE FPUARIAR R AR IR G TeG, B B R IR |- 4 CFE
R 2R, MUK L IEIR AW IIA 40 WL 1Y ProteinA+
G BENRMETR , BB e IR I 4 “CIFH 6 h, UK EP .4 °C.
1 000 t/min B.0> 5 min, 7 35, 500 wL NP-40 24 Uk
3o MAS0 WL 85 BREZEMROR ), 4815 95 Tk 8
min, B5 HEAT A SR BN IR S
1.3 %itdsa

K GraphPad Prism 7.0 AT 500500 . FFAIER
OIA TR TR AR = bRl (x + ) FOR, AL HLECR
FHASEAEAS CRG 50, 22 20 () L3R FH B PR 3R 0 22 0017 s N A
B LA I3 B T ORE L 2 H (DY o )R [Md (P,
P,)ERR I L8R F Mann—Whitney U A5, 2 2H 0] b
R Kruskal-Wallis HAGE . K 357K 1 «=0.05

2 # R

2.1 ABEEFLH

AW ST 0 A A5 B 2= 40, RGO L CRC T I 0 2L
I BE A 5 A5 Sl b, S S S S TE SR AR AR . OB R
I TN O 2k 5 WS B (] 1A~C) « X GSE89076 il
GSE110224 Pi-> CRC s 42 #EATHR 5 20 47, I 4141 5 1E
W LU 5 EUh — Bk 25 7 R R SE ] (differentially ex-
pressed genes, DEGs). H.4, TOM1L1 Nrf2(NFE21.2) .TET3
2 SHP2(PTPN11)4 4K 75 CRC A ZUrh 35 35 19, i
FE M 4 1K 3% (The Cancer Genome Atlas, TCGA) 2k 7% 43 #7 it
TR, 1K AR Y B R A 5 CRC BB A A7 301 45 e 5l 2
AHE (HR ¥5>1.46) , 4878 B AT TR 7 (0 BUE 3K 3 A 5,
WA RIS Wb S . PIRE S s 8 s A AL

Hl(FE1D~F) : GO B4 B /R, DEGs 183 5 45 T 40 il 20
A3 AR 0 B A S B AR T AR L B i e 3
(K 2 55 g 3R B 5 88 R AT I PR A T R R . KEGG 3
43 BT R, DEGs b 7] & 4F F 22 2R 0 A6 & 1
(mitogen—activated protein kinase, MAPK) G5\ i
5] — 448 it PR 52 PR A B A D 48 8 60 41 o 3 B8, B X
LB P AT B S MAPK 5538 B% 0K 2 CRC #FJ . #0015
5k AR 2% T TR 1G~T) ¢ A 56k 4 M R, SHP2
(PTPN11) 5 Kirsten K 5 P95 55 75 98 ik P[] P4 (Kirsten rat
sarcoma viral oncogene homolog, KRAS) f*) & ik 5 1IEAH &, 1
KRAS X 5 ERK1(MAPK3) 2 1EA X, Bk | 28 4L [y “SHP2-
RAS-ERK”BUE 5 541 5 B U 0T 5 Ry A B A BTG B 3
[R5 4 (rat sarcoma viral oncogene homolog, RAS) | 4ff fifd
=58 I (extracellular signal-regulated kinase , ERK) R
s 5 e AT ST RS A9 A7 . FYN 5 Nief2(NFE2L2) (19
FER R IEHI S, A LRI “TOM1LI-FYN-Nrf2” J# 4% 5%
FARAE T

44 STRING B8 & 1 B 14 B A 0 45 00000, A Bk 58 44 1
T 1A H R4S 5 4l . “TOMILI—>FYN—Nf2/TET3—
SHP2” K Ja 82 e SL U0 B0 UE AU A% M e . F s AL ML
PR B4R & 4L 79 BT (gene set enrichment analysis, GSEA)
KB, FE TOMIL] B R A FE AR H, “DNA 25 B 34k 3 % ) 2%
B o %6 TET3 8 H M .O/E S B2 G, 4278 TET3
A g 3E o 25 F A0 T i B2 (an SHP2) By 5% 5%, Ay [ 1
HFRM RN AL T EZ . JUE 1,
2.2 EGFR 5 TOMILI i@ it k8 MMP2/MMP9 % i 42 # CRC
K

5 NCHIAH L , NC+EGF ZH B8 At e 1A B0 i d Bl 1 i
(P<0.001) , 7€ NC+EGF 41 J it [ @Ik TOM1L1 J5 , B g 4
U E 4 B B /N NC+EGF 41/NC 41 (P<0.001) ; NC+EGF 41
BER 1 TOMILL 3 2R3 , B A e A B J i ] B8 KT NC
211 (P<0.001) (B 2A) . ¥ 414k 5 Western blot 25 3 K,
TOMIL1 %35 5 MMP2/MMP9 Y (58 i Jz 2 1 7K F 2 15 A
5, TOMILI i F 2K 1 IR 40 i o , MMP2/MMP9 35 i {2
18 (P<0.001) ; WLE 2B .C.,
23 TOMIL1 5 p-SHP2. p-ERK1/2 % &% i B_4% 16 57 1% 3
MMP2/MMP9 % ik

5 NCHHAAL , NC+EGF 21 TOM1L1 2 1k 1 .3 715 (P<
0.05) , W] EGF Al {2 ¥ TOM1L1 33X ; 5 NC+EGF 4141 It
TOMIL1-OE+EGF 41 TOM1L1 (P=0.029) . Nrf2 (P=0.035) .
TET3 (P<0.001) . p-SHP2 (P=0.002) F1 p~ERK1/2 (P=0.005)
F 3k 8 F T (34 P<0.05) , TOMIL1 4 7 Nef2 . TET3 ., p-
SHP2 Il p-ERK1/2 35 ; Ry it — 25 #8598 TOM1L1 J44% Nif2 |
TET3 J p-SHP2 By ALHl , 7£ TOMIL1-OE+EGF 23R4 _F A
p—SHP2 #ll il 71 PHPST, £5 4 2 7% TOM1L1(P<0.001) . TET3
(P=0.006) .p-SHP2(P<0.001) Fl p—ERK1/2(P=0.002) Z£ ik B
A% F NC+EGF £ (P<0.01) #il TOMILI-OE+EGF 4 (P<
0.01) , Nrf2 3 ik 8 5 NC+EGF 4 2 3 L 4t it 24 & X (P=
0.999) ; 7E TOM1L1-OE+EGF £ 3 5f 1 A ERK 172 41 i 51
SCH772984, 2% 3 1. 7R TOM1L1(P=0.028) . TET3(P=0.004) |
p=SHP2(P<0.001) Fl p~ERK1/2 3 ik ik T NC+EGF 41 (4
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