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XtV 9 AR B A A 5 e
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(FIMEHXE ABEFR 2 FAWFELLET, M 550000,
SR EA KR F MR ERMNBA, T 550000)

WE BH NZRARRYTSE AR (UPR™) i B BT 1B FF 3 (Hp) 5 5 B B AR s i bl . 73k FH Hp g
CS7BL6/J /INEL N B 38 40 i AGS 1 SGC-7901 , 5 B 4t Jiftd S A7 142 2 11, Western blot K ill UPR™" () #H SC 8 45 « Y00 % SR A - 5
(ATFS) , AR5 11 60 (mtHSP60) VAR 7 11 70 (mtHSP70) K 2 ki /R 26 11 i ( ClpP) AR5, F G LUk e 4 A
e/ BB U B 2830, T Hp %% AGS FT SGC-7901 ZHfiE, RTCA 1 CCK-8 KM 40 s 58 . )5 , #IFH UALCAN %k
PiE R TCCA BEARSIHT 4 NMHEARTE B AL PR RE, SR Hp BYLRE W& 20E C57BL6/) /NRUE R 4t N B i 40 it
AGS Fl1 SGC-7901 ZhifArft ATF5S .mtHSP60 .mtHSP70 ClpP )ik e ik B i dn i si . 5 TCCA FEAS TP N IE® 1 H U,

ATF5 .mtHSP60 ,mtHSP70 . ClpP 7& B A 4 £k,
L K 8 g 4 & 2 UPRMY | fie b 4T R 5t

KA
hESES R378
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WA B FT T ( Helicobacter pylori, Hp) 7£ & 414
TRl AR R AR T 25 Fhag ) 7R 15 b
I, S S A= AN BRI RE , T 208 ARG S
FRMEE . FRIEJE Hp BRY R E R IR
RNy 44.29% o Fo, SHMHBIX Hp G B R
ik 60. 5% 7, LA AT F B 1 S ( mitochon-
drial unfolded protein response , UPR™") J&—Fh £l i {4
RSN, e Z R N AR B RIECT |, i 3% DNA
Sy 1) AR A PR 2 1 R 1 S L DR R P 5 o,
BRRJE ALK, 2 AR 1A B E W T S,
UERPAALA TR (RS 2 UPRM B I, ks
TRPEAR R RS S BB DR AT 28 1 2 1 TR O T A
G IHE N BRI TR e R AR T
BEEHIRIT S M, WE AL T 2RI 1 AR 2 AR
R FEEE 1 60 (heat shock protein 60 , mtHSP60) | #u K
585 1 70 (heat shock protein 70, mtHSP70) LA K 2k
AR Lon 25 1 FIZE K7 K K 11 i ( caseinolytic protease
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FEWH E KBRS (45 :32160166 82260405 ) ; Tt HI A FL
HIH R E (45 BRHE A [202014Y026 )

YEFZ A WR i, &, R
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SWAESITFE X (¥ P<0.01), it

Hp YL RERS 5 5 15 L 2

VRT3 18 TR A SR AR B B 1 BN 5 R MR 9 s OB AR R 1 R e s I 1 5

P,ClpP) = | i J 37 Al LA phy WL 3h 0 400 i b
Tﬁ?éﬁiﬂ’@ 1‘2 %ﬂ é)% *ﬁ MK E"J {)%/( (ﬁ ELl"]'z: % ?‘ 5 ( activating
transcription factor 5, ATFS) P8 ¥, %55 H Hp #
B C5TBLO/J /B M 2 gt B i 40 i, 42 O/ Bl 4
U ML 2k A 8 B, Kl ATFS | mtHSP60 | miH-
SP70 1 ClpP (3K, #5 Hp IBRYLJ5 40 i 444 7 1) m]
REALH .

1 #MREFE

1.1 ##
1.1.1 @miesb5HA#w ABEIMHR AGS &

SGC-7901 4fifif1 5351 W - 3¢ & ATCC 4t Jifd J22 Je v
Flbe FIFARIE, Hp GZ7 M ASIRSZH 43 55 [ i
PR 968 41 2, 28 00 ) UE 552 4 B 78 RSB (- GenBank
ok KR154737. 1), Pa 5tk Hp 26695 14 T3¢ [H
ATCC 41T % ( GenBank %55 ; KR154758. 1) ,
1.1.2 Hp GZ7 B % C5TBL6/J ) R AL R My &
SPF 4 lfePE CS7BL6/) /R 10 L, JEiE 6 ~ 8 &, 1A
it (20 £5) g, W TVLIR R A 2 FRA MR A BR A
A [ SIS A = IS SCXK ( #5) 2023009, 5K
5 3l W) i R AT E 5. SYXK ((75) 2023-0036 ],
C57BL6/) /NREE B 4 h J5, SES 4/ Hp GZ7
Al Hp 26695 LIME N 1 x 10° CFU/ ml (400 pl)
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TTHEE W IR/ AE 5 0. 9% AL S |
BEHE/MUESE 4 h, B2 KEH 1R, 35 kL
551 RHEF IS 4 JEXT /N BRGEA T SUME B F AR BE, Ak SE
HI/NRZE 12 b, AHF5E B ARAS SEMN EE R R 245056
Y IZE S HE IS :2100909
1.1.3 - ZiX# DMEM mbiE 3R 5E A4 s
(foetal bovine serum, FBS) K JiE & H M ( 7% 5.
C1195500BT , N2765792P . €2520056, 35 [E Gibco 23
A]) s BHE LU i B iR 5 5% B R Hp 35 8 B 86 70) (1%
5 :CM0331B 3802425 , 9% [F] Oxoid /2 F]) ; O L 4F
HE2F (L (525 . MP20026 , B 5L 2 AR YR A R A
F]);0.45 wm PVDF BEAE R ECL fb 2% &6 &
$¢5:0000237993 . P90719 , 5 [F Millipore 2 7 ) ;
mtHSP60 . mtHSP70 . ClpP . VDAC1 FlU/fi 8/ % 7o &
Puik FEPiR P FPUR P (5745 .66041-1-1g
14887-1-AP ., 15698-1-AP 55259-1-AP, SA00001-2 .
SA00001-2, & [H Proteintech 23 7] ) , ATFS $Uik (7%
5 .EPR18286, 3£ [ Abcam 2\ 7)) ; 4 Il ¥ 1 & M
BSA JEEFAE W RIPA 24 BCA 0 & SR - 5
(575 A8020 ,SW3020 . R0O010 . PC0020 . P1400,
R ERH A A FD) ; E A Em S (585,
P1010, L3 = KA ARG AR A F]) ; Zbi
IRIRBGAF (5252 C0010, Jb 5032 ) S 3 B AR A

FRAF]) .
1.2 FHik
1.2.1 Hp &% § &M AGS F= SGC-7901  AGS

A1 SGC-7901 4IIEHE & 10% FBS 100 U/mL HHEE
1100 U/mL 865 R (1) DMEM 585 380+, T 37
C,5% CO, HEFAA TSR, T IR T0F 4 i 15 %
WA L TCAT I F2 W, SE B 2 Hp GZT T Ak DA K
Ye &8 ( multiplicity of infection, MOI) & 50 J& Y% 41
JiL, X B v o A S5 A R ) B T % R S T ( phos-
phate buffered saline, PBS) , &Y% 6 h J5 & i 1% 7%
T, SRR IR 24 h A1 72 h,
1.2.2 DPRBALBRART R MBI ET I
FH 0. 25% & —JHe VY £ T JBR it 7 1 40 e, s 4% 240 P
BFHAN LS ml BOEF,4 C .2 720 v/min &
L5 min, 55 FIER G H 100 mg Hrff /)N B S 2H 2055 [,
K/ANH 0.5 em® LU, K 4 55 35 21 2L I vl
1 xPBS E & ,4 °C .2 720 r/min B> 5 min, ULTEN
A 1.5 ml Mito Solution, vK I #+'# 10 min J52) 3,
4°C 2720 t/min B0 5 min, I8 FIERT 4 C
9 630 r/min Z.0> 10 min, 3 F IR, UTHE LA 200
wl Mito Solution & V£ kK 4 °C 10 550 r/min &

> 10 min, ZEZRARTTTE P A LR SR 25 H
1.2.3 Western blot 23 40 ifs M 2% K 44 22 it i
BCA 7 & BB VR L, S5 B 9 2R 1 R
JH10% SDS-PAGE JEHLUK 532, ¥ % 5| PVDF JiE I,
5% Bifg A=W =1 T £ 2 h 5, 430 H ATFS
Pefk (1:2000) ,ClpP HTi& (1 : 4 000) ,mtHSP60
BUfE (1 : 6 000) Fl mtHSP70 $i44 (1 : 5 000) 4 °C
BFE 1, R T 5 HRP I EHi R —Hi (1
10 000) B FHT L —HT (1 : 10 000) #FF 2 h,
ECL &Gk H A,

1.2.4 i AART @I E AN (real time cellular
analysis, RTCA) R IUFLH A 50 wl (9 TC BT ks
FRM ML |, IR AL AGS J2 SGC-7901 4 fits,
B O AR, A0 THEUS BEFLINA 15 000 A~ 41 A
(B3R 180 wl) , #E 15 min, A RTCA
KA b 45 A AL A 37 °C 5% CO, R55548,
6 h ZHAEIEE S , L MOL 2y 5,10 % 30 9% BE A
Hp /£ RSB0 20 , X HEZH o A S8 AR R PBS, Wil
ML 77 FE AR R R[],

1.2.5 % 9% 41 2244 5 (immunohistochemistry , IHC )
F&  DNREALHC SRV 109% Sk B E
B ARV R AR KR TIE K Ak
K FE R MBI, F 10% B9 L2 135 X 41 21
HEATEE 43 B ATFS i (1 2 500) (ClpP Hifk
(1:200) .mtHSP60 HifA (1 : 500) F1 mtHSP70 HiiAk
(1:1000) 98 4, AR 48— BT Rl s i A% —
P, IR E 2 h, A DAB WA, FARAR 2 Yy
JEMKGE R, B R 5 BT WA T R,
Image J A0 &t 22 1% % B {H (integrated option
density, 10D) M BHE: X 1 #X (area) , 718 )L %
J (mean density, MOD) ,MOD = 10D/ area,,

1.3 SitFE A BRI « 25 Fon, LE
& 3 K, M GraphPad Prism 9. 0 #1740 &
2 BHRAT A IR AR 1 Z2 41 ) F A S &y
ZEOHT AR IEAS A0 A0 B 5 25 R 57 B0 R HAE S 80K
BHT, P<0.05 m2ERA G FE X,

2 #HR

2.1 Hp B#x C57BL6/J NRBAHA X &
UPR™ WM 5 TAF5T Hp IR xt /N FLUE 4181

UPR™ W 5% W, Fil 7= J7 &% Hp GZ7 F1 74 J5 #k Hp
26695 JE&YL C57BL6/) /MR 1 A A B FALSE S5 43 5
SUE L PEECE 2 g e kiR 5 |, F Western blot
K mtHSP60 . mtHSP70 , ClpP | ATFS Hy ik, 455
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R 5 ARG Hp X BR 2 L%, Hp GZ7 Al Hp
26695 &L K1 FEIE HE mtHSP60 .mtHSP70 ,ClpP (ATF5
ik, 2R AT FE (P <0.05), WE 1, 2
/N Hp &5 S/ 20 & 4 UPRY, (HJ2 Hp
GZ7 5 Hp 26695 FbkZ W25 5 L Ge it 5 S, A5
K% $% Hp GZ7 T IR0 5%

2.2 THC EfI4 # UPRMERRENMRBAHL S
RIRIBEBAL /N BE MM A AN Z U

Control Hp GZ7 Hp26695 ku Control HpGZ7 Hp26695 ku

FHIE T 2B )Z , 2 40 RE 40 A B
i K PR A3 I 20 M S R B A A I, R T
5% Hp YL T CS7BLO/J /N 4l Ul &
A UPR™, A WF 58 M R WAk Hp GZ7 W B &g
C57TBLO/JI/IEL T A 3 B EH 4H 2L, T THC ZL 85
PEKEIN B 4 Z0% ATFS . mtHSP60 . mtHSP70 , ClpP 1)
Fik, G5B K 2 FiR, ATFS .mtHSP60 . mtHSP70 |
ClpP 1 B35 F 2 /NS ZEIRZ 1 H - K 4

E 400 Control Hp GZ7 Hp 26695
ATF5 36 mtHSP60 60 3
% *k
. ) kok
VDACI/porin 33 VDACI/porin 33 kS ) 300 .
[=J=] o *
o <
%3 200 *
2 “5 *
o
Control HpGZ7 Hp26695 1 Control HpGZ7 Hp26695 ku K *
S
ClpP 26 mtHSP70 75 g 100
=}
=
. Q
VDAC]1/porin 33 VDACI/porin 33 =4

El1 Western blot #ill Hp Bt C57BL6/J /INR B A

ATF5 mtHSP60 ClpP mtHSP70

MM LKA ATF5 . mtHSP60 , ClpP . mtHSP70 £)3Ri%

Fig.1 Western blot detection of the expressions of ATF5, mtHSP60, ClpP and mtHSP70

in the mitochondria of gastric tissue cells of C57BL6/J mice infected with Hp
*P<0.05, **P<0.01," " " P<0.001 vs Control group.
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Fig.2 THC detection of the expressions of ATF5, mtHSP60,
mtHSP70 and ClpP in gastric tissues of Hp infected C57BL6/J mice
*P<0.05, " P<0.01 vs Control group.



FMEMKFF®  Acta Universitatis Medicinalis Anhui 2025 Feb;60(2) - 303 -

i B v, 5 R B Hp 19 C57BL6/J /N RLIL AR,
Hp & /N BLUE b B2 40 M v ATFS | mtHSP60 . mtH-
SP70 .ClpP ik 58 | FH Image J B 14F#E47 & & Wb
R, Z B 22 A G E B L (P <0.05) . iF
S Hp B R Z0E SRS B E B L Ak
UPR™

2.3 Hp B BEAMELZLE UPRVHMET N
THRVHA S Hp JEGe x5 A H 40 i UPR™ 520, A<
5T Hp GZ7 JE&4e B 40 AGS F1 SGC-7901 24
172 h, $2 BUAH B 26 0k7 4K 25 1, Western blot 46 ]
ATF5 .mtHSP60 . mtHSP70 (ClpP (335, 45585
/N EUAR Y S50 — B, JEIe A Hp YL 24 h 362 72
h, 4 FhEE BT A 3R GA KP4 T AR Hp A X R
AN, S HA I FE L (P <0.05) , WK 3, 1E
S Hp BT B A & 4 UPR™ .

2.4 Hp B BEMMEEMNTM ARUF5EH
Hp GZ7 4312k MOI =5 .10 .30 9525 2% Yy 1 9 40 il
AGS F1 SGC-7901 ,RTCA H6 il 41 g iy 14 4, &5 5% &

A Hp GZ7 Hp GZ7
Control 24h 72h ku

Control 24h 72h  ku

ATF5 36 mtHSP60

VDAC /porin 33 VDAC1/porin

Hp GZ7 Hp GZ7
Control 24h 72h  ku

Control 24h 72h ku

ClpP 26 mtHSP70

VDAC /porin 33 VDAC /porin

B Hp GZ7 Hp GZ7
Control 24h 72h ku

Control 24h 72h

ATFS 16 mtHSP60

VDACI/porin 33 VDAC/porin

Hp GZ7 Hp GZ7
Control 24h 72h

Control 24h 72h  ku

ClpP 26 mtHSP70

VDAC I /porin 33 VDAC /porin

7N GARIEYE Hp (9%F BR4 Hed, Hp LI MOI =510,
30 YA M A RE (e 2 20 B 38 4, {E 2 B A SRR e i ]
FEC ,MOI =30 2H 41 ff1 3 58 & /1K T MOIL =5 44l
MOI =10 41, WL 4A, BfJ5 F CCK-8 Kl Hp JE&ijx
BREANA 24 48 72 h AN IE A AR O, 45 R an &l
4B FIR:BR T AGS #fiffir MOI =30,72 h 2 2 SGC-
7901 ZHAErh MOI = 30,24 h 414k, Hiay & 4 b 240
(ARG FE e 35 TR IR, 25 A et E L (P
<0.05) .

2.5 UPRMBXEREBBRALAPRILER 4
i 50 PR B 0 e T 4 ) i R . AN SR
F UALCAN %44} % ( hitps : //ualcan. path. uab. edu/)
1 TCGA REAR R ATF5  mtHSP60 . mtHSP70 | ClpP
EBRESIEEALRNERLE R, SR NKS B
7R, ATF5 .mtHSP60 .mtHSP70 . ClpP 7E B i 41 41 1)
Rk TIEFEHAL, ZRARITFEL (B P<
0.01),

) Control 24h 72h
60 E 600 ontro
Q
‘é‘ 500 ek
33 &: * %
2 g 400
28 *
§ 8 300 *
. 2 %
8 £ 200 * -
[}
2
5§ 100
2
33 0
ATF5 mtHSP60  ClpP  mtHSP70
y 24h 72h
2 300 Control
60 Q 3k
g *k *
3 B3 * «
= £ 200 *
o < *
25
a, ©
X o
ke S 100
2
75 =
Q
~
33 0
7 ATF5 mtHSP60 ClpP  mtHSP70

B3 Western blot #ill Hp BB B MM LRI{EH AFTS .mtHSP60 , ClpP .mtHSP70 HJ3&iX
Fig.3 Western blot detection of the expressions of AFT5, mtHSP60,

ClpP and mtHSP70 in the mitochondria of Hp-infected gastric cancer cells

A AGS cells; B: SGC-7901 cells; *P <0.05, **P<0.01," " *P<0.001 vs Control group.
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Fig.4 Effect of Hp infection on gastric cancer cell proliferation

A: RTCA detection of the proliferation of Hp-infected cells; B: CCK-8 detection of the proliferation of Hp-infected cells; * P <0.05, ** P <0.01,

P <0.001 vs Control group.

B LA ORI e, o
FURFICT RIS IUARJFE N B Hp B 5 i
P J 22 ] R I e e Al s {ELR BOR AL AT
ANTEAIERE SRR 2 A DR A A
BT R A0 DG H 20 e, LT e e A 2 5 S50 M 3R 8
L IR e 2 S R

UPR™"J&—Fh 2 b AR 2 11 T i 2 ) R 46,
B 1k AZ 45188 1 REURAERR bR S A Tife . 42
Hify UPRM IR R A5 1 ATFS {2 #F 4R AR £ 5 2R 1
TSR TR 1 () 5 SR S B, ATES 2 FLAZ 2 i
FEBLES 1A UPRY W 8, & A SOk
75 B A% 78 30, AR B R, A0 T
ATFS 38 i 2R A [ 5 810 58 0 T LoRidA , (H 745 Fh
W AP ZRAER T, 4R BT ATFS 38 2 4% E ff

{55306 1) 2 A7 20 20 e 4%, A2 3 mtHSP60 , mtHSP70
ClpP 2575 1463k 3% UPR™ ) mFge " = & 3,
ATFS 722 R0 g v 2235, T IR 40 e PR 0 a2 9
I ) 145, T R ATES BE A AR £ A 4 I %, 411 i
YN AE . mtHSP60 $F4Em #iA 2 UPRY AU IS A5
AT IR LR B AR S B R 2 D S0 1Y
A, TR mtHSP60  HE 110 1 45 M Je8 4N A ) 338
B R UPRM BERR B ki R D g, 1 i o
LA A0 UPRM BE 0 ) i ik 2

AWFFE S5 5 s Hp R fE iR/ B
- R 2 R N 9 A R AR T ATFS | mtHSP60 |
mtHSP70 1 ClpP (3 1k , if BEARE 1F 40 B 14 4, OF HL
KB ATFS .mtHSP60 .mtHSP70 Al ClpP 7£ A\ & Ji 41
LRIk, UE W] Hp JE Gy 5 98 s B 40 i
UPR™ R HEAHMI3G 5E , 51 & B M, & S8 H 8
KA,



BMEMKFF® Acta Universitatis Medicinalis Anhui

2025 Feb;60(2) - 305 -

ATF5
801
*%

s
=60
g
3
840
£
-
2
§ 20
[_4

0 - -

Normal tissues Primary tumor
(n=34) (n=415)
TCGA samples
ClpP
150
*%

=
Q125 F
100
o
=9
&r
-
o
Z 50
&

25+

0
Normal tissues Primary tumor
(n=34) (n=415)
TCGA samples

Transcript per million

[N [9%)
W (=3
(=} (=]
T 1

[

(=3

(=]
T

Transcript per million
>
(e}

mtHSP60

-

(=3

(=]
1

* ok

—_ \*] w B W D
(=3 (=3 (=3 (=3 (=3 (=3
(=) (=] (=3 (=) (=) (=}

T T T T T T

(=)

Normal tissues
(n=34)

TCGA samples

Primary tumor
(n=415)

mtHSP70

* %k

100
50 F
0
Normal tissues Primary tumor
(n=34) (n=415)
TCGA samples

5 ATF5 .mtHSP60 , ClpP .mtHSP70 7£ TCGA BiEA AR T RIE
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**P<0.01 vs Normal tissues.
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Effect of Helicobacter pylori induced mitochondrial unfolded

protein response on gastric cancer cell proliferation
Chen Jili'?, Li Leilei'*’, Chen Yuanjia'?, Zhao Yan'?, Xie Yuan'?, Zhou Jianjiang'"’
('School of Basic Medical Sciences,”Key Laboratory of Molecular Biology, Guizhou Medical University ,
Guiyang 550000 ;° Dept of Oncology, Affiliated Hospital of Guizhou Medical University, Guiyang 550000)

Abstract Objective  To explore the mechanism of proliferation of gastric cancer cells induced by Helicobacter py-
lori (Hp) from the perspective of the mitochondrial unfolded protein response ( UPR™"). Methods C57BL6/]
mice, human gastric cancer cells AGS and SGC-7901 cells were infected with Hp, mitochondrial proteins were ex-
tracted, and the expressions of UPR"" | including activation of transcription factor 5 ( ATF5) , heat shock protein
60 (mtHSP60) , heat shock protein 70 ( mtHSP70) and mitochondrial protease (ClpP) , were detected by Western
blot. Immunohistochemistry was used to locate the expression sites of 4 proteins in mouse gastric tissue. AGS and
SGC-7901 cells were infected with Hp, and cell proliferation was detected by RTCA and CCK-8. Finally, the ex-
pression of four indexes in gastric cancer tissues was analyzed by TCGA samples in the UALCAN database. Results
Hp infection could significantly promote the expression of ATF5, mtHSP60, mtHSP70 and ClpP in the mitochon-
dria of gastric epithelial cells of C57BL6/J mice, AGS and SGC-7901 cells, and promote the proliferation of gastric
cancer cells. When compared to normal gastric tissues in TCGA samples, ATF5, mtHSP60, mtHSP70, and ClpP
were highly expressed in gastric cancer tissues, with statistically significant difference (all P <0.01). Conclusion
Hp infection can induce UPR™ in gastric epithelial cells and gastric cancer cells, which in turn promotes cell
proliferation.
Key words Hp; gastric cancer cells; UPR™'; cell proliferation; mitochondrial proteins; activating transcription
factor 5
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