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TGF-B 155 il B4 02 i GC 40 M i385 M (=2 28 5iERERE 1A 06, TMEM117 A A] BBJ2TRYT GC 1A R A .

K§EiR B s B T RS AR KA B AHMOBG T i e
FESES: R735.2

Role of TMEM117 in promoting gastric cancer progression via
regulating TGF-p signaling pathway and its action mechanism

LI Jing, ZHAO Zidan, ZHANG Hui

(Department of Hepatopancreatobiliary Surgery, the Third Xiangya Hospital, Central South University, Changsha 410013, China)

WimEE: 2023-08-15; fEITHHI: 2023-09-12.
EEEN: 25w, hRREIRE = BB EIN, NGRS T o .
BIE1EE: K, Email: csuxyzhui09@126.com

© WA F [ H3E A FH 4 E BT http://www.zpwz.net
1358


mailto:E-mail:csuxyzhui09@126.com

oM

2 5% % . TMEMI117 ¥8 4% TGF-B 1z & 3 (% 3 F J& v 18 ZAHLHE R 1359

Abstract

Key words

Background and Aims: Transmembrane proteins (TMEMSs) are a class of proteins that span the entire
lipid bilayer. TMEM117 is an important member of the TMEM family, and previous research has shown
that TMEM117 plays a significant role in regulating blood sugar, preventing myocardial hypertrophy,
and participating in endoplasmic reticulum stress. However, the role of TMEM117 in gastric cancer (GC)
remains unclear. Therefore, this study was conducted to explore the expression and biological functions
as well as the action mechanisms of TMEM117 in GC.

Methods: Bioinformatics analysis was used to assess the expressions of TMEM117 in various cancer
types. qRT-PCR and Western blot were employed to measure the expression levels of TMEM 117 mRNA
and protein in human normal gastric epithelial cells and different GC cell lines. qRT-PCR was also used
to detect TMEM 117 mRNA expression in GC tissue and corresponding adjacent tissue. TMEM117 was
either knocked down or overexpressed in different GC cell lines, and its effects on GC cell function were
assessed using CCK-8, EdU, and Transwell assays. Western blot analysis was conducted to examine the
levels of relevant pathway proteins, and the impact of TMEM117 on GC cells was analyzed by adding
specific inhibitor. Finally, the effects of TMEM117 knockdown on the growth of GC cells in nude mice
were observed.

Results: Database analysis showed that TMEM117 was upregulated in various cancer tissues, and its
expression in GC tissue was significantly higher than that in normal tissue (£<0.05). High expression of
TMEMI117 in GC was associated with poor prognosis (P<0.05). qRT-PCR and Western blot results
revealed that TMEM117 mRNA and protein expressions in GC cells were significantly higher than those
in normal gastric epithelial cells, and TMEM117 mRNA expression in GC tissue was significantly higher
than that in adjacent tissue (all P<0.05). Functional experiments demonstrated that knocking down
TMEMI117 in GC cells significantly reduced proliferation, invasion, and migration, while overexpressing
TMEMI117 had the opposite effects (all P<0.05). Knocking down TMEM117 in GC cells resulted in a
significant downregulation of TGF-f expression, while overexpressing TMEM117 in GC cells led to a
significant upregulation of TGF-[ expression; treatment with the TGF-p inhibitor LY2157299 partially
reversed the promoting effect of TMEM117 overexpression on the malignant phenotype of GC cells (all
P<0.05). In vivo tumor formation experiment in nude mice showed that knocking down TMEM117
significantly inhibited the growth of GC cells in the mice.

Conclusion: TMEM117 is highly expressed in GC and is closely associated with poor prognosis of
patients. Its mechanism of promoting GC progression may be related to the activation of the TGF-3
signaling pathway, which promotes the proliferation, invasion, and migration of GC cells. TMEM117 has
the potential to be an effective target for GC treatment.

Stomach Neoplasms; Membrane Transport Proteins; Transforming Growth Factor beta; Cell Proliferation; Neoplasm
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CLC number: R735.2

B (gastric cancer, GC) A F5 H KW #5 B H (transmembrane protein, TMEM) J&
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TMEM1117 j& TMEM ZK & AR E 29— b1, 1E
NG B R EE BENIEN . A5%H
& B TMEM117 2 5 41 1 4% /9 B i i 551, o5 b A
WF5E # & I RLAR TMEM 117 A] LA B 145 5 5K & 105
SRy UAE RN AN TMEMIL7 25 T N B W
N R FR A i AR SR, TMEM117 76 9 G 45 51
JE GC T RIL DL AE A2 . Ik, AR5
TEAN R T TMEM117 78 GC 40 Jifd o %) T g & Ho AL
i, 22 GCIRYT $& B i £ .

1 #MREFE

1.1 FEANSNUFE

S T E b 40 GES-1 LA & 4 Ff GC 41 i
AGS. SGC7901, MKN45., HGC27 ¥k A L 40 il
PE (g, D, 2 M 5 57 5 RPMI-1640 11
H Coming 2 ® . 10% J& 4 Il & W H Clark
Bioscience , & H 42 B {fi M-per T 2L 2% vh R
[ Thermo Fisher, 3> TMEM117 & it i siRNA LA K
LA RBIR I A H LAY A F, CCK-8 1]
&L EdU R & A 3 5 KA F], Transwell /N3
W [ Corning 28 A o AL il —Hi )] HK KW .
GAPDH (cat. #7074T; CST) . TMEM117 (cat. #
21314-1-AP; proteintech) . TGF-B (cat. #346599; 1F
fit) o LY2157299 Il4 [ Proteintech 2 A o
1.2 LWHE
1.21 £ #4142 & % 5 # M TCGA (The Cancer
Genome Atlas) M4 (https://portal.gd(s.(rancer.gov) T
# RNA W 504 45 (RNA-seq) . M GTEx %4 &
( https://commonfund.nih.gov/GTEx ) F 8 A [/ 41 21 Y
RN F KB, 5 TCCA B4 &I, JH log2 J5 ¥k
PEATASIE , F)H Kruskal-Wall 318 A [A] g o 5 (K]
FikES . MGEO (Gene Expression Omnibus) T
# BB 4 (GSE13861. GSE66229 . GSE26899 .
GSE26901 . GSE66229) GC f4 TF & 1 i 98 2H 21 i Ifa
PREEAS . ffi i R version 4.1.2 fifi & & TMEM117 % 35
5K TMEMI17 R Z R 22 5 Rk =W . A
REHFEE (Human Protein Atlas, HPA) (https:/
www.proteinatlas.org) J&— S K FHEEAR, &
Tl M ZURER B N R R R
fd FHl HPA ¥4 2 5 Ui W] TMEM 117 & 14 75 1E %
SEH A0 o M Xena 805 (hitps:/xena.ucsc.
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edu) N TCGA A 2 Hh % 1 b g 18 1Y 8 A A7
W (0s) #dl, #E— BT I £ 5K W5
B 2 o f# H Kaplan-Meier 5 %t 2% 09 25 77 850 48 F
TSN, RA “survival” . “survminer” £33
TPvEM o

1.2.2 mfe3zFc 410l A RPMI-1640 K5 5%, [A] A
) % 5% B oA 10% JiG A 0T DL R 1% B R R
1% 85 E, WA SA 5% CO, 1Y 37 CHHIRE ##46
KSR, YA K & 80% Fl& I AT A AR . AN
i 5 R A S DA G O L A 0 s A Y

1.2.3 qRT-PCR  fifi ] TRIzol M GC 4l fits F1 41 21
PR RNA, Bl 5 #F 17 2% 5 A2 B cDNA L i ]
SYBR Green (Toyobo) £ G ML b 3F47 5L 0 R A
fiff £ )2 W o R FH2ACH % T 5 A X mRNA K -
GAPDH fE 7 9 I ¥ X} B8 . GAPDH IE [1] : 5'-ATC
AAG AAG GTG GTG AAG CAG G-3', I : 5-CGT
CAA AGG TGG AGG AGT GG-3'; TMEMI17 iF If] :
5-CCC TTC TTT GGT TTG CAT CAG G-3', J2Z [ :
5'-TCC GAG TCT AGT TCG TAG GTG T-3'.

1.2.4 Western blot {E M-per & [ 24 fi# 2% vh N A
Tk 122 G P B 10 T A R RO R 1 L B A S R
Ji W AH N AR O 2 A N /INAL 38 i AR 4 SDS-PAGE
SrESAM R H, R JE R A B 4 B PVDF R |,
FH 5% WiNE A=W B A IS 1 h IS E — 3T, 4 CukAfid
W o H 2 K TBST ¥t % PVDF I )5 = 55 & 9t
1 h, PR TBST ¥E¥, i 3 s k2= & Ot (ECL)
XF R AT AT AL, I 18 H Tanon-5200 2 °F- & B4,
B J5 i FH Tmage J 30 X6 250 64T K B (B Ak
1.2.5 12 0% &4 4 RS BT B YL 4 i
F 12404, FRES 2 R A0 BE 5 4% B ULEH 5 (MOI=
10) 5o 338 0 MRt e 2 A 12 fL R, [R]i
INA BRI AT Y, 24 h )R B3R 5L, 48 hn
HEFT AL AR, R 20 M 05 BE 5 40 i 7 AT WG RS B R I
I FE AT 0 36 JER Y A T B A0 B, R BRCER F AR
YLK shRNA JFF 41 : GAT ATG ATG CTT
CAA GACA . GCT ACT GGC CAT TCT CAT A. GGA
TCA GCT GGG ACA AACT.,

1.2.6 CCK-8 5% f 4% UL J5 i 40 Mo 42 7 T 96 £L AR
(3000 4~/4L), I CCK-8 32k 7] & K 0 40 D 11%) 384 3 15
B, E24h AW 1R, EELE5d, BALINA 100 pL
CCK-8 ¥, 37 CWiE 2 ho A AR AL AE 450 nm
IR Ak I '

1.2.7 EBAU %% B3R H7 I % 4 I A 12 4L
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B, HeRhiG A0 AT R . Wk H H IR BA S D 4
2X EdU TAEW, -5 FRERBIRSFIMA
R2ALA 37 CF 2 ho KBRIEFEFMA 4% %2
B EE[E % 15 min, FI 5 3%BSA 19 PBS PE % 5 A
0.3% TritonX-100 % L WE 7 15 min. &9 5 95 42 A ic
B Click 2 W I A 12 FLA P F 30 min, ¥t
U5 N A Hoechst33342 £ 47 4 Ml 4% %% €4 10 min, I
ABUHE K G F Leica microscope #E47 W58 . FAHE .
1.2.8 Transwell 5 3 4 Fp 38 & X 204 K A 40
FfL, o K R TE T 8 R R LR A0 24 ho
Matrigel i Ffi B¢ 22 T AF ¥R BE /N0 B 28 Transwell /) %
)R, 37T CHE A E S ho THECA MR 4
it e E R & 8 x 10° 4N /mL, & N AIA 100 mL 44
M, FEMNIA 650 WL &Il 7 B 57 3 5 & T
BigRfa . RrER B ANE, H4% 2R H
T [ 5 . 0.1% 45 & 58 Y €0 ) i T Ok 5tk B8 W %%
I HAAE,
1.2.9 #H & FA&B SPFZ BALB/C# R, AL
KZEAFR . BRIy BUIREE S0 IR, R &
6 H o B K TMEM1117 (4 SGC7901 41 g i £k . fifi
FHPBS BT, AMIK T S @ IR B B, 9 HE
S5 x 108 o X BE 20 4 B () A O i e A T
B R 23 PR 5 Y SGCT901 4 it . R ELAA T R
B AOK,, B3 d WERIE B0 5 B DA
B RN A il T A N I R R NI R i
1.5 em Ab%E
1.3 SGitFabiE

JT A G it oy B ¥ 0T g R OR T R 4.1.2 5
GraphPad Prism v.8.0 #17 . R M HLIK R 4 £7 3 B it
X B I (hazard ratio, HR) 1 95% & {5 X [
(confidence interval, CI). >k ] Kaplan-Meier % 73 #7
A MEAAR . SRR Jr 25 ik 47 2 4115
ZES R, W 2 2 5 F— 2 AT SNK-q £
5, P<0.05NERABHIFE L

2 # R
2.1 TMEM117BiZiERIE D
18 1 HPA B0 & 40 B & PR AE AR IE H 2 40

TMEM117 £+ — 4814 . @S HEWMSFEHIL RSB E
Tk, REEMKPEMLRSE (K1A) . il
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TCGA 3442 0 M1 7 TMEM117 75 £ i A 259 i 4H 21
Pk, 45 ER, TMEMI17 18 12 4 i 4148
i ERIs, o3RIk 25 7R W 0 i M Sk 45 B o
B . P . BHAFE . GC DL K (& IB) .
TMEM117 75 /A [7] Jif 928 20 g = v i 3 58 7K an 5] 16
=S s =N N L R S R o R S = 8 o
iR . GC. MR A
22 TMEM117ZEGCHMmSHLAHRRIEIRESH

)= EER

iH £ % TCGA 1 GTEx £ 4f 72 XF TMEM117 7E GC
R RB AT, RS IEFHALMELIL, GC4d
LU TMEMILT (9 R BT/ (B 24) o RS 2
BOIEH B ERdig (GESL) 5 4 F GC 41 g &
(HGC27. SGC7901, AGS., MKN45) RNA 47 qRT-
PCR I E, 453 &, 5 GESI LA, 4Fh GC 4l
Z 1 TMEM117 75 RNA /K | 3R 35 244 AN [A] 72 B2 1
Fhim, Ho HGC27 48 s & v TMEM117 F = fe o W
W (¥ P<0.05) (F2B). 557 1E W A4 g,
GC 2 21 f TMEM117 76 RNA 7K 3 35 5 | Th s 3
(P<0.05) (8 2C) . Western blot ¥ illl TMEM117 1&
GCUiMi R E HZ M FRL, WHH T 5 qRT-
PCRAHFE A% ([K2D) . DL EZ5HR K TMEM117
FE GC 4 LA S L 2 258 1 . 38 3 7 TCGA %
P 1 LA B GEO 045 i ¥E47 TMEM117 119 Kaplan-Meier
WEREAE T, R TMEMIL7 0 %355 GC B &
ARG (3 P<0.05) (E2E).
2.3 EE TMEM117 3t GC 4R RYIETE (2 2T

=gl

3 BIAE HGC27 5 SGCT7901 W 4> 41 it £ v 4% e
3 A [EF Y siRNA, 338 33 Western blot i 3 4~
J7 0 0 B e A, i S I s A I A A X A
Iy Sh-2. Sh-3 # 47 (X 3A) . 15 i CCK-8 52
I8 A6 I B I TMEM117 X} HGC27 . SGC7901 4 Jify 1 5
RERYSEm, 25 R ], MUK TMEM117 5 GC 48l
4 BE S AR (19 P<0.05) (1K 3B) . J& 4k EdU 52
Y5t &% B TMEM117 J5 P54~ GC 41 IS 28 3% 7 41 Jifd
) H ) B S (1Y P<0.05) (B 3C) o
Transwell 5% 56 & 1] @5 Al TMEM 117 X GC 41 it {2 28 #1
TR, & MAE HGC27 . SGCT901 4 Jd v 4% gy
siRNA Fi ik TMEM117 &5, HARZE MR RE 12 0
WS (¥ P<0.05) (K3D),
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D I O L BEEE ® EERE £ BRRE REER SRS BREE  BEE

T T,

E1 TMEMUI7EZEBALFNERRESNT  A: KA HPAEIREM A IEH 44 TMEM117 % [13%i41%; B: TMEMI17
TE TCGA Z R 14U P Rk (EAMRRIEWHL, L EMERMMAL); C: HPA KU M2 41l & TMEMI117
ik

Figure 1 Differential expression analysis of TMEM117 in pan-cancer tissues A: Protein expression profile of TMEM117 in

normal human tissues from the HPA database; B: Expression profile of TMEM117 in pan-cancer tissues from TCGA (blue
representing normal tissues, red representing tumor tissues); C: Expression profile of TMEM117 in pan-cancer cell lines
from the HPA database
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P<0.001

P<0.001

P<0.001

GES-1 HGC27 SGC7901 AGS MKN-45

Low TMEM117 TPM
High TMEM117 TPM
Logrank P=0.038
HR(high)=1.4
P(HR)=0.039

n(high)=192

B2 TMEMI7ZEGCHMREREFEHER A HET TCGA B FEM A Y15 B 2% 43T TMEMI17 7€ GC P3R5k ;
B: qRT-PCR #ill TMEM 117 78 GES-1 15 GC 41is 1 RNA /K-35 255 ; C: qRT-PCR A TMEMI117 #£ GC 41411
N Ji 55 1E W A LUHTE RNA K1Y 2635 245 D: Western blot #:ill TMEM 117 75 GES-1 15 GC 4 g 48 1 K - 1Y 26k 2%
S, E: KT TCGA 5 GEO B4/ TMEM117 5 GC BB EE M R
Figure 2 Expression of TMEM117 in GC and its prognostic implications A: Bioinformatics analysis of TMEM117 expression
in GC based on the TCGA database; B: qRT-PCR detection of RNA level differences in TMEM117 expression between
GES-1 and GC cells; C: qRT-PCR detection of RNA level differences in TMEM117 expression between GC tissue and
adjacent normal tissue; D: Western blot detection of protein level differences in TMEM117 expression between GES-1 and
GC cells; E: Analysis of the relationship between TMEM117 and the survival of GC patients based on TCGA and GEO
databases

2.4 TFRIXETMEM117 3¢ GC HpEHIILE EE T 0 1) 8 58 A 7 WA A SR (P<0.05) (81 4B) . EdU 3%
BRI Bl St 26 B 2 6 3k TMEM117 J5 , AGS 41 Jfd 4% 5
T HE— A5 TMEM117 764K 40 % GC 40 il 1 A1 R A Y L B S R (P<0.05) (181 4C)

W, FE AGS 4 Mo b i e U 18 R ok R A SRJE . 83T Transwell 5256 4 U 1 i 3% 35 TMEM117

TMEM117, Jf H i i Western blot ¥ Il TMEM117 4 JEXT GC 4 LR B MIE RS S , 45 5 I 3k

3k LA N AE SGCT901 4 i v sl D ik ik ([514A) TMEM117 7] LA S 42 55 AGSGC 40 g 1Y 12 28 FiliT 7%

18 3:F CCK-8 52 3 46 ) TMEM117GC 40 Jifd 8 5 4 5% Wil fie )1 (3 P<0.05) (K4D),

25 IR R W] 5 0 B A T 638 TMEM117 J5 AGS 48
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4 HGC27 4 SGC7901
~@-Sh-NC ~@-$h-NC
—A—Sh-2
= 3 —A—sh-3
£ N g -
= 218 = NN
~ e 4 25 S 2|2
HGC27 SGC7901 o SR 22
299 2299 = g
= = = = = = = = 2 2 14
nownm n m ©om n ! 1S IS
TMEM117 - a - L
O 1 T T T Ll 1 0 T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
carDll () EDEDED e o - - A i) (d) iR (d) B
HGC27 HGC27
Sh-NC Sh-2 S 60— P<0.001
= 1
= —
g S
T = 40
= i =
= - —
2 #
= = 204
| = 2
=
1)
g 0 T T T
= Sh-NC Sh-2 Sh-3
SGC7901 SGC7901
Sh-NC Sh-2 Sh-3 40— P<0.001
- ——
= ~
ij = 30
= té -1 —I—
55 20
2 -
= =
= 10
=
% 0 T T T
5 Sh-NC Sh-2 Sh-3
= C
HGC27
5007
P<0.001 Sh-NC
— P<0.001 Sh-2
4004 - Sh-3
< 3001
=
= 2004 R—
S?\ - T
1004
0: T T
T (F=3
SGC7901
6007 _P<0.001 P<0.001 Sh-NC
- + Sh-2
Sh-3
- 4004
<
E -
= 2001 i .
1Y
O R T L
- 3 T (7=
23 A % e D

3 AR TMEM117 3 GC HAEIBA A RER ST HENREM A Western blot Kzl £ HGC27 1 SGC7901 41 Jifd
TMEM117 {8 %; B: CCK-8 SE5 A I ik TMEM117 Ji5 X HGC27 1 SGC7901 i i34 5 Ak J1 Y25 C: EdU 54
il m Al TMEMI17 J5 %) HGC27 Kl SGCT7901 45 RE S AU 5 D Transwell 525045 I &l TMEM117 J5 X HGC27
HSGCT7901 4= 2% 5L M fE S IR
Figure 3 Impact of TMEM117 knockdown on proliferation and invasion-migration abilities in GC cells A: Western blot to
assess the efficiency of TMEM117 knockdown in HGC27 and SGC7901 cells; B: CCK-8 assay to evaluate the effect of
TMEMI117 knockdown on the proliferation ability of HGC27 and SGC7901 cells; C: EdU assay to assess the impact of
TMEM117 knockdown on the proliferation ability of HGC27 and SGC7901 cells; D: Transwell assay to examine the effect
of TMEM117 knockdown on the invasion and migration abilities of HGC27 and SGC7901 cells
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- X
4 —A— A
= A1s
BON ik g 3 2
<t
: Z 2
TMEM117 “- =

G 1 I 1 1
GAPDH - o 1 2 3 4 5 ¢
A il () B

Hoechst EdU Merge

; S P<0.01
5:“_ = 60 —
=
= —
5 40
el
=
2 20
X =
®
m 0 T T
Xof i U2
C
RO U SN
o SO AR P<0.001 Rk
Y 5y Be 800 L
e N _
< 6001 P<0.001
5 24001
= == —
%4 200
533
: ol 5 O X T T
ot LA TR TS T (EES
SOREANTRRIRNEE D

ZFITHBEEAHIEM  A. Western blot /& 7E AGS 4l it 1 TMEM 117 3 3k %%
5 B: CCK-8 SLE G i %3k TMEM117 J5 %t AGS 4GS MIEMT ; C: EdU S AG I %35 TMEM117 J5 XF AGS 4
HEHFERE I RSEIR s D Transwell LN #3Kk TMEM117 J5 % AGS i {22 FALFS AE 1 (520

Figure 4 Impact of TMEM117 overexpression on proliferation, invasion, and migration abilities in GC cells A: Western

blot to assess the efficiency of TMEM117 overexpression in AGS cells; B: CCK-8 assay to evaluate the effect of TMEM117
overexpression on the proliferation of AGS cells; C: EdU assay to assess the impact of TMEM117 overexpression on the

proliferation ability of AGS cells; D: Transwell assay to examine the effect of TMEM117 overexpression on the invasion

4

and migration abilities of AGS cells

25 TMEM117 5TGF-BE 5@ KX &

DL B 58 3 W] TMEM K% 5 TGF-B {5 5 [ 1K
F%Y), A TMEMSS fig il i 98 75 TGF- B 52 Wi Ji 21
2k 20 it Y A e 21 3 B R AT, TMEM63C 1 5 TGF-B
FUIA T, 7E @R S 1 3R 58 TMEM117 /) GC 4 Jifd
1 i Western blot ¥ I TGF- B Y & 11 3¢ ik /K °F ,
% BLAE B TMEM117 i HGC27 5 SGC7901 4 iy h
TGF-B (19 335 W] W R A%, 1 76 5 36 35 TMEM117 1)
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AGS AL P B T AH BRI B (34 P<0.05) (51 5A) ¢
FLY2157299 (5 wmol/L) il GC 41 2 ' TGF-B 1Y
K H A R (K SB), & Y7 RE
TMEM117 1) AGS 48 Hd & th fin A TGF- B 4 il 7
LY2157299 i, BE &S 43 4K IH 1 33k TMEM117 % AGS
o M & GG RE ) e BEAE D (18 5C) o A
LY2157299 1 B #8 43 #IL 1 i & 1k TMEM117 X} AGS 4
Jitl R AR ZERE RSB S AR HEVE T (E1SD)
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Sh-NC Sh-2 Sh-3
— ww— o TGF-B _pooo
S S G C\PDH
Sh-NC Sh-2 Sh-3
—-— TGF-B
— AR e (APDH

o ik
s TGE-B
A <m—  C\PDH

HGC27

SGC7901

AGS

-@—XJHE
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