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H: Bmstr et SR st T3 b e 44 25 00, a0 M4 B i R AR T I B 2 N . A
HUEARE AL R I N AH MR A8 44 557 1 (Plasmacytoma variant translocation 1, PVT1) 1] 5 FA% Y
PEELUAIA T 4A1 (BEukaryotic translation initiation factor 4A 1, EIF4A1) A H 454G M52 B Je 40 i 11
W5, TR RE 1. TGF-B/Smad {5 5B K fe (R HEAE IR 28 S LA M L 2im ik . 42 i PVTL AJ
REE N RNA R 0E EIF4AL B BEECLRTE T, B9 00 TGF-B/EMT/MMPs S5 A1 Gt IRk
Tike REE B M A EN AN e A R AR 225 ) B S R R A 132 451, RIS OB AR I RS B
KH] RNA scope FA2ALTEM YA G PVT1 5 EIF4A1 MIRIL. 458 MEMBo, 28T
PVT1 5 EIF4A1 [1)3RIE 5 8 R BLRHAE IR AR DG

7 B4 NCI-N87. MGC-803. BGC-823. SGC-7901 FIxfHE KA1k B R 40 Ml & GES-1 1,
Kl PVTL #1 EIFAA1 BUZRIEIKT o TR AR ZE A IR 4H 0 28 v > FHAG 5 2 Jak G B ph il 3 ) o 0k
PVT1 5 EIF4A1, fEAREIA =40 R b b eI [F 4 PVT1 5 EIF4AL &I, P E4iffsy
PRI RS, K PVT1 A EIF4A1 (RIE1E.

I MTT. “PARGERE . Transwell AR SLge ke o B[R 398 PVT1 5 EIF4AL J5 B4
M5 ST R /). Al o E AL [R] i %1/ 748 PVT1 55 EIF4A1 J5 B 400N TGF-B p-Smad2.
p-Smad3 1 EMT #5 & 2 H E-cadherin. N-cadherin. Vimentin. Snail, VL35 4 )& & H E MMP2,
MMP9 [k K

HL SPF 2% 4 JH#: Balb/c MEVERRE 40 H, 44 Balb/c £/ A HHGEFRIE PVTI 41 (n=5), #
ML RIE EIF4A1 4 (n=5). HEFETREH (n=5). TREGFEA (n=5); FIFI PVTI 4H

(n=5). AT EIF4A1 4 (n=5). LFEIFHRA (n=5). FHITHEA (n=5) L84, & HIrHlik
AT R R I S AR BB B[R 2/ T BN T B A 1< 1004 . SELRMESE 8, AN B
PRE, WEFR 8 FUGHRMERRE, B BRALs H&E JaBFEHEBRALRN . G AR
FeJRZH 417 EIF4A1 « p-Smad3. EMT bri&E & [ E-cadherin. N-cadherin DL & MMP9 f 3 IE K

NHAE PVTL 215 ] LAGN R 1% EIFAAL 3%, @i fuy 2 A Western blot S8l et
FIL/FHEPVTI H B4l EIF4AL FIZRIATE L. Bl S I8 EIF441 JR T IX 3k, X6 R TR
HELRSZIGK I PVT1 Xt EIF4A1 JE T X3k A 5 7E
gER: B R LB AN E S PVTL Al BIF4A1 KAy & FIEE S5 A2, H PVTI M
EIF4A1 MERIETEOLE MR . G RE . RIR I . Wk 45 Jomab e ds S IEM ¢ (P<<0.05);
PVTI ik & EIF4A1 FiLEAML (P<0.05).

I PO i B 40HE NCI-N87. MGC-803. BGC-823. SGC-7901 K HE 7k A=Ak B AL 4T il GES-



1 1 PVT1 Al EIF4A1 ERIATEBL, 7E SGC-7901 4iffi+ PVT1 &5 EIF4A1 AR RIAEAK, £ MGC-
803 H1 PVT1 5 EIF4A1 AR RIAE H (P<0.05). MCRH SGC-7901 4T it FKIA 5L, MGC-
803 AT e T I FRIA LS . Wil R T HAa e 4 &b PVTI/EIF4AL RIAHNL, SAAILE
IFRIE PVTI/EIF4A] RIEEHE T4 (P<0.05); HMAILFE T4 PVTI/EIF4A1 ik
Ik F X4 (P<0.05).

MTT SEEA I & I Al it 22 i 20 OD {f i T B F B 2 AT IR 20 PR o e T2 B B2 36 i o 3

IRIE PVTI1 5 EIF4A1 4P BT RN 492 + 8.72, UGS ik PVTI 41°F A7 B
251 + 1.53, B RIE EIFAAL HPAROERETE O 228 + 1.52, XTREZHFHic v BT B 205 +
2.08. Transwell 45 R R n 3t [ RILAIT AN ECY 308 £ 29.10, HFMLRIA PVTI HIT 241 2L
N222+14.42, FMIEFRIE EIFAAT AT 400 %N 206 £10.58, X AL ANHIECN 169 + 18.04.
RIIR S8 285 B B JE RS FB H R A R T g B AR A, D EERBHE G
B X (P<0.05),

Western blot £&ll Bl 3t [F] 3 5/ T3 PVT1 5 EIF4A1 J5 B4 N TGF-p {5 5 @A <&
FAEMT fr&EE, DURERGREARERIAAKY. &1, 55MidRIL PYTI/EIF4A1 401
X HRZHAREL, LA FRIAZH E-cadherin IZRIABART BT FRIAHAR A, H[FIEFRIEH c-myc.
TGF-B. p-Smad2. p-Smad3. Snail. N-cadherin. Vimentin, MMP2 FI MMP9 H]3R1A & & T #d
FIRHANGIEL (P<0.05); SHPLTHL PVTI/EIF4AL AN RALAREL, JEA T304 E-cadherin ff
RiLEmTHRMTIAMKIRA, HLFETHAH c-myc. TGF-B. p-Smad2. p-Smad3. Snail. N-
cadherin. Vimentin, MMP2 fil MMP9 F5ik SEAK T A4l /T i ZH (P<<0.05).

If1] Balb/c M P44 B R 56 Fde B s ) Jo s /R mlont HE B i i, RS\ J5, S xR 4H /I
RAHEL, JLFERIEA /DN R R B &K, EIF4A1. p-Smad3. MMP9 F1 N-cadherin 1A &
M, E-cadherin RIS B FEAC; ILEIT-HRA /N RIMB 2 LR 2/, H EIF4A1. p-Smad3.
MMP9 F N-cadherin ik 2 3% [41%, E-cadherin ik &5 .

B, SR, Sl RIE PVTL J5 SGC-7901 4[] EIF4A1 FikE B BT
P PVTI J5 MGC-803 41/l ) EIF4AA1 ik 82 ZF(K (P<0.05). M EIF441 A3 T X 2K AL
500 bp K & (AR A58 e REFRIAEAA, X HEK-293T 4% 4 PVT1 i R IA KL EIF441 JH 5 F
XRCERBGRIBHAR 48 h J5, SXTHRAAMLL, &K PVT1 BER N EIF441 JA 3T X 42K K 1500
bp-2000 bp X I AW AL KRB RZE (P<0.05),

451%: LncRNA PVTI1 5 EIF4AL f£ B A #REH B, PVTI RIAKN S EIF4AL FHG, H
PVTI/EIF4A1 58 EHF. HBHM. 2. /- REWRBERHER . PVTL fE8 RNA 448, Bo&
EIF4A1 BIRHCIG R i, 380 TGF-B/Smad/MMPs Fil EMT 56 8% M1 5 5 A RiA e 3k B e 5645
XE#: HJE: PVTI; EIF4A1; TGF-B/Smad; EMT
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Abstract

Objective: The mortality rate of gastric cancer ranks forth in the world's tumor mortality rate, and cancer cell
metastasis is an important cause of patient death. The preliminary research of the research group found that
plasma tumor variant translation 1 (PVT1) can bind with eukaryotic translation initiation factor 4A1 (EIF4A1)
to affect the proliferation and migration ability of gastric cancer cells. TGF-f/Smad signaling pathway is an
important pathway that promotes cancer invasion and metastasis. Proposing hypothesis: PVT1 may act as a
RNA partner to activate the translation initiation activity of EIF4A1, increasing the expression of transfer
related proteins such as TGF-f/EMT/MMPs.

Methods: Collect 225 paraffin samples of gastric adenocarcinoma and signet ring cell carcinoma, as well as
132 adjacent control samples, and collect clinical information of patients. RNA scope and
immunohistochemistry was used to detect the expression, binding, and localization of PVT1 and EIF4A1 in
the same section, and to analyze the correlation between the expression of PVT1 and EIF4A1 and the
pathological characteristics of patients.

The expression levels of PVT1 and EIF4A1 were detected in gastric cancer cells NCI-N87, MGC-803,
BGC-823, SGC-7901, and immortalized gastric mucosal cell line GES-1. Overexpression of PVT1 and
EIF4A1 by lentivirus infection individual or in-combination in low background expression cell lines.
Individually or jointly knocks down PVT1 and EIF4A1 in cell lines with high background expression. After
constructing stable transgenic cell lines, the expression changes of PVT1 and EIF4A 1 were detected.

Detection of proliferation and migration ability of gastric cancer cells overexpressing PVT1 and EIF4A 1
individual or in-combination through MTT, plate cloning, Transwell, and scratch assays Detection of the
expression levels of TGF-B, p-Smad2, p-Smad3, Snail, EMT marker proteins E-cadherin, N-cadherin,
Vimentin, , as well as matrix metalloproteinases MMP2 and MMP9 in gastric cancer cells after individually
or co-overexpression/knockdown of PVT1 and EIF4Al.

Forty 4-weeks-old Balb/c female nude mice of SPF grade were selected and divided into an individual
overexpression group of PVT1 (n=5), an individual overexpression group of EIF4Al (n=5), a co-
overexpression group (n=5), and an overexpression control group (n=5); an individual knock down group of
PVTI (n=5), an individual knock down group of EIF4A1 (n=5), co-knockdown group (n=5), and knockdown
control group (n=5). There are a total of 8 groups. Each mouse was injected into the tail vein separately to
stabilize the overexpression/interference or control of 1 x 10° gastric cancer cells, either individually or
jointly. Feed the mice continuously for 8 weeks and measure their weight weekly. Sacrifice nude mice after
feeding for 8 weeks, fix the metastatic tumor tissue, and observe the size of the metastatic tumor tissue by

H&E staining. Immunohistochemical detection of the expression levels of EIF4A1, p-Smad3, EMT marker



proteins E-cadherin, N-cadherin, and MMP9 in metastatic tumor tissues.

To determine whether PVT1 can longitudinally regulate the expression of EIF4A1, immunofluorescence

assay and Western blot assay were used to detect the expression of EIF4A1 in gastric cancer cells
overexpressing/knocking down PVT1 individual. Subsequently, the EIF4A] promoter region vector was
constructed, and the dual luciferase reporter gene experiment was performed to detect the regulatory effect
of PVT1 on the EIF4A 1 promoter region.
Results: The expression levels of PVT1 and EIF4A1 in gastric adenocarcinoma and signet ring cell carcinoma
were higher than those in normal adjacent control tissues, and the expression levels of PVT1 and EIF4A1
were positively correlated with the cancer type, differentiation degree, tumor depth, lymph nodes, and distant
metastasis (P<<0.05). The expression level of PVT]1 is correlated with the expression level of EIF4A1 (P<<
0.05).

Detect the expression of PVT1 and EIF4A1 in four types of gastric cancer cells NCI-N87, MGC-803,
BGC-823, SGC-7901, and eternal gastric mucosal cells GES-1. The background expression of PVT1 and
EIF4A1 is lower in SGC-7901 cells (P<<0.05), while the background expression of PVT1 and EIF4Al is
higher in MGC-803 cells (P<<0.05) Therefore, SGC-7901 cells were used for overexpression experiments,
while MGC-803 cells were used for knockdown expression experiments. Detecting the expression of
PVTI1/EIF4Al in overexpressed and knockdown stable transgenic cell lines, the expression levels of
PVTI1/EIF4Al in both individual and co-overexpressing groups were higher than those in the NC group (P
<C0.05), and the expression of PVT1/EIF4A1 in both individual and co-knockdown groups was lower than
that in the NC group (P<<0.05).

MTT experiment detection found that the OD value of the co-overexpression group was higher than that
of the individual overexpression group and the control group Plate cloning experiment shows that the number
of plate clones formed in the co-overexpression group of PVT1 and EIF4A1 was 492 + 8.72, the number of
plate clones formed in the individual overexpression group of PVT1 was 251 + 1.53, the number of plate
clones formed in the individual overexpression group of EIF4A1 was 228 + 1.52, and the number of plate
clones formed in the control group was 205 + 2.08. The transwell results showed that the number of migrating
cells in the co-overexpression group was 308 + 29.10, the number of migrating cells in the individual
overexpression PVT1 group was 222 + 14.42, the number of migrating cells in the individual overexpression
EIF4A1 group was 206 + 10.58, and the number of migrating cells in the control group was 169 + 18.04. The
scratch experiment results showed that the wound healing rate of the co-overexpression group was higher
than that of the individual overexpression group and the control group. The above differences are all
statistically significant (P<<0.05).

Western blot was used to detect the expression levels of TGF-f signaling pathway related proteins, EMT



marker proteins, as well as matrix metalloproteinases in gastric cancer cells after individual or co-
overexpression/knockdown of PVT1 and EIF4Al. Compared with the PVTI/EIF4A1 individual
overexpression group and the control group, the expression level of E-cadherin in the co-overexpression
group was lower. The co-overexpression group had higher levels of c-myc, TGF-B, p-Smad2/3, Snail, N-
cadherin, Vimentin, MMP2 and MMP9 were higher in the individual overexpression group and the control
group (P<<0.05). Compared with the PVT1/EIF4A1 individual knockdown group and the control group, the
expression level of E-cadherin in the co-knockdown group was higher. The co-knockdown group had lower
levels of c-myc, TGF-fB, p-Smad2/3, Snail, N-cadherin, Vimentin, MMP2 and MMP9 were than those of the
individual knockdown group and control group (P<<0.05).

Injecting stable co-overexpressing/interfering or control gastric cancer cells into Balb/c female nude
mice. After eight weeks of injection, Compared with the control group mice, the co-overexpression group
mice showed significantly increased tumor metastasis, significantly increased expression levels of EIF4A1,
p-Smad3, MMP9, and N-cadherin, and decreased expression levels of E-cadherin; The co-knockdown group
mice showed a significant reduction in tumor metastasis, and the expression levels of EIF4A1, p-Smad3,
MMP9, and N-cadherin were significantly reduced, while the expression levels of E-cadherin were increased.

Finally, compared with the control group, overexpression of PVT1 individual significantly increased
the expression level of EIF4A1 in SGC-7901 cells; Knocking down PVT1 individual significantly reduced
the expression of EIF4A1 in MGC-803 cells (P<<0.05). Construction of EIF'4A41 promoter region full-length
and 500 bp truncated luciferase expression vector, transfection of HEK-293T cells with PVT1 overexpression
plasmid and EIF4A1 promoter region luciferase expression vector for 48 hours, compared with the control
group, overexpression of PVT1 significantly increased the expression of EIF4A 1 promoter region full-length
and 1500 bp-2000 bp truncated luciferase (P<<0.05).

Conclusion: The expression of IncRNA PVT1 and EIF4A1 is upregulated in gastric cancer tissue, and the
expression of PVT1 is related to EIF4A1. PVTI1/EIF4A1 is also related to pathological features such as
metastasis, pathological classification, staging, and grading in patients. PVT1 acts as an RNA partner,
activating EIF4A1 translation initiation factor activity and increasing expression of metastasis related
proteins such as TGF-/Smad/MMPs and EMT to promoting gastric cancer metastasis.

Key words: Gastric Cancer; PVT1; EIF4A1; TGF-f/Smad; EMT

Paper type: A (Basic Research)
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B (Gastric cancer, GC) Je A FERVIIRIEIL TR A, &FFEA 77 JIAFET,
B ) A T RS AR R 2 MR R ILFEE I S R . Bk, BRI A A R
R, B, A SRAEE A BB AT R A, AR RS ik, BmAEAEY)
o HUERIAEIG 27 & TR R, B0 0 2 AR S AR PR X B e R A
i 96 3 Je RO AL RS I 4r LTS 2 T . IRAESR, 2 MR AES TS RNA (Non
coding RNA, ncRNAs) & 3 K HAE ik v ) S B A A5 31 1B Bk 2 1) kiRl

NcRNAs H# HAKE KB AP, BIKEEIEZIS RNA (Long non-coding RNA,
IncRNA, 7T 200 Mx1HRE) AR EEIES 69 RNA (Small non-coding RNA, sncRNA, %I
F 200 MZEEZ) ¥, sncRNAs X734 miRNAs (f#/N RNAs). piRNAs (piwi # H.AF
[f] RNAs). siRNAs (/A4 RNAs). snRNAs (/M% RNAs) B, ok £ 1 iF %
B, ncRNAs £ 2 4 AL B R ORI A, CFE IR RRA RS Rt E . 4
ML ARG K B, HRARIE, ncRNAs [R5 2 F N A okl

LncRNAs # € SN BRI 200 MZH PR H 5% AL, IncRNAs J& N JeHE K24 iy
K2 AR AR IR EE S A, 8H 214 60,000 4 IncRNA ZE K, LncRNAs i i A3 ]
FILIIERE L e s A G AP R AR B R 3R A1), ThEEPERY IncRNAs 4341
fil— M4 (1) LncRNAs SH ST AHEAEM, WA EERERRE, (2) Bl
BEoEs R, KO REBHNESERMEEIENANE: 3) elZE5RExEAE
HSRIITERG (4 EATSBAMY mRNAs AHEAEH, 95 HACH, dEeTh. BIPerfE
fig: (5 EMSEARES, W HLEMEUETE: (60 BMIEN ceRNA (585 NE
RNA) #4455 ¥EH miRNAs. fESIZ- MBS F T, IncRNAs £V 2 AW FE
g EE A AL, ERIE, KM IneRNAs 5152 NS ik A e,

BT 8 FYEAR c-Myc FER FiEHT IncRNA K415 A2 54k Z5 A7 1 (Plasmacytoma
variant translocation 1, PVT1) & Guan £ A\ &R U2, m8Esk, fEAEIENIiE
fitigestdl, St B RIS N ) 2 Bl N SE MR TR T PVTL B Rk
PVT1 7£Z Mg v DL AL 2 BT RNA RIER 35T ) R i a2k JJed 11 & AR AR
Jell, tn. PVTI n[48%% EZH2 FURE4M miR-214 F1 p53 MyR&M, gkak, PVTI
e T TR AR RIS Fltn, fERMEY, PVTL i 5% KAT2A {¢
Bt H3K9 28!, TifeE Bmrh, AT RTIIAT R4 5 : PVTL W] L 5 A% #
PEELARA T 4A1 (Eukaryotic translation initiation factor 4A1, EIF4A1) AH H.45 & i3k 520

1
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B 4 )5 51T R RE T

JaeIE 2 L PR RRAE A2 R 1 B A ) I e, AT ARCOR s (2 gk 1 A B A, &
5 B A IR e R T S G 22 DL RJRRE R AT T 24, g hE 40 PR e P R R 6 AR
FE b e 1 AL B vh R OB ERE ), TR 22 B8 L & B AR ek 2 20 B R A A
AR B, BRERE UM N, RERE @ I R B RS, K T B T R AR 2R I
PRI, EAZRIFRIGIA T (Eukaryotic translation initiation factor, EIF) EIX$6idf2rp
HAZMIhfe: ST LE N RNA fE45 . ATP {K#itE RNA filiehs. 158 RNA-EEAE
HREEA T RNA-TE A E SR & FMRE,  tnT DUE BB (0 0 7 st FH s 7720,

HIZ ARG T 4A R 2R ER LT, el aE
(Dead-box) FIEMIA IR . FEEFK L E] RNA fERERFIIIEA, #IT RNA, W HE
SRAE G HOIEERC AT RNA BRI 73 B, JFEFR RNA W =R 25, {10 L RNA
MEER:, X —HHKH T ATP [ RE S (MNP, EIF4A FOERAFE LN IEA: EIF4AL,
EIF4A2 F1 EIF4A312, — /&M~ , EIF4A1 F1 EIF4A2 FEAL FAif i, 3 H
EIF4A1 FXT T EIF4A2 fE4HET W RIAEFE, 1M EIF4A3 FE A T4 ot izl
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