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Role of GRP75 and VDACT in heroin-induced arrhythmia

GUAN Yaling',SU Liping’, LIU Li*, JI Min®,ZHUANG Mengjie',ZHU Sensen’, PU Hongwei*"’
(1. Department of Cell Biology and Genetics, Xinjiang Second Medical College , Karamay 834000, China ;2. Department of Pathology, The First Affiliated

Hospital of Xinjiang Medical University , Urumqi 830054, China; 3. Department of Pathology, School of Basic Medical Sciences, Xinjiang Medical Univer-
sity, Urumqi 830017, China;4. Key Laboratory of Forensic Medicine, Xinjiang Medical University, Urumqi 830054, China;5. Department of Discipline
Construction, The First Affiliated Hospital of Xinjiang Medical University , Urumqi 830054, China)

Abstract Objective To investigate the roles of glucose-regulated protein 75 (GRP75) and voltage-dependent anion channel 1
(VDAC1) in heroin-induced arrhythmia. Methods Based on transcriptomic data from primary myocardial cells treated with heroin and
the GSE31821 dataset from the Gene Expression Omnibus (GEO), differentially expressed genes (DEGs) were identified using R software.
Enrichment analysis of DEGs was performed. The protein-protein interaction (PPI) network was constructed using STRING database,
and key genes were selected using Cytoscape. Molecular docking of key genes was performed using HDOCK, followed by in vivo valida-
tion. A total of 60 SD rats were randomly divided into control,model, model + 7 d,model + 14 d,and model + 21 d groups. A rat model
of heroin addiction was established,and the expression levels of DEGs in myocardial tissue were assessed using immunohistochemical
staining and quantitative real-time PCR. Results A total of 51 DEGs primarily enriched in muscle cell development, myofibrils, actin
binding, arrhythmic right ventricular cardiomyopathy, calcium signaling, and apoptosis pathways were identified. Based on the PPI and
Cytoscape analyses, GRP75 and VDACI were identified as key genes. Molecular docking indicated a strong interaction between GRP75
and VDACI1,which form a stable complex. The results of immunohistochemical staining and qRT-PCR showed that the expression levels
of GRP75 and VDACI were significantly increased in the model group compared to those in the control group (P < 0.05), and their expres-
sion increased (P < 0.05) with the intervention period of heroin in a time-dependent manner. Conclusion GRP75 and VDAC1 may con-
tribute to heroin-induced arrhythmogenesis.
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H 2R T & 1 75 (glucose-regulated protein 75,
GRP75) PR s T0MR SRR LG , 25 2
REFE R DAL 355 2 1 B TEIRRAE O 1 PR
R Z B AT PEAS PR h & OGRS o HLURAKR
#6114 B 25 38 18 1 (voltage-dependent anion channel
1,VDAC) LKA R —FhfLIE & 1, 2 55
WA | 40 8 T FCa™ 32 A5 5 5 55 40 g it
T GRP7SHEHLTRFR I 1,4, 5- = BRIIEEZ
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R RIGT T R BERR AR A
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1.1 FEGRIAES

VRIS A, TSR AE B R FR XA 2T A5 5 AN
Pefit . GRP75HUIR, I [ 2L [E CSTA w] ; VDACI B-actin
PUiAk, W F 55 Eabcam’ 7 ; Total RNA Kit T %57 &,
W A I SRR A PR w5 5 1 38 h A T AR
Py TRE (L) e A BRA 76 Al s CFX 965 i 7 Tt
PCRAY, W F 35 [E Bio-Rad 2> 7l s BX43%t B fss , 1
H HAOLYMPUSZA A s BFEEAY, W H s ZE4E /R A=
PR R A
1.2 AEYERSS
12,1 B R U5 A 5 f T A 5 R 3R K Bl >k
I 7S PR 2 I AR A5 1 4 3 2~ 0 R DA R T
22 I8 B0 ¥E 2 (Gene Expression Omnibus, GEO) 3815
) 5 DR 2% 35 B A A GSEB 1821, 7 St 4 - B Wi 4R 1
55 305] Y % DXL T 8 240 LA A R34 0 A0 ML AE AR
GSE31821:th i /3 M 5 T-GPLS70 - & , 40,45 2451 %} 1

HREARTNAGC P B Bl B AR

122 ZFFEAIM (differential expressed genes, DEGs)
i 1 « A FHRIE 75 07 5% 2 8008 FGSE3 18211 £k 45
PEATALBR GRS E AP < 0.05F1log,FCI> 0.75,
T e RAFDEGs o i 12 75 &L i e 2 Bt 4 v 1 3
AR HIDEGs .

123 DIREE AT i B AMA (gene ontology,
GO) X AT DEGs#EAT 73 ¥ 6E AE 43t A5 A0 4 i il
3T B B A AT BORE G2z 1 i m #  PRL RT R 4
4 £ (Kyoto Encyclopedia of Genes and Genomes,
KEGG) XIDEGs#A 71 i# 5 45347 , i EGOFKEGG
T HEA SERT I

1.2.4 @8 H -8 H 5A B A/E F (protein-pro-
tein interaction, PP1) % 2% - §ifi 1% JC 4 5L A . o 1k
— L VEADEGSsY 3¢ T AR JH A fE, (7L T A
STRING (https : //string-db.org/) PEAE H N HE B IF44
HPPIRY 2% .t 07 2 H AYDEGs - £ ZSTRINGH, 14
HPPIM 2%, - H 45 5, Bl FH Cytoscape T EL X} 45 S it
Fr Al AL, BB CytoHubbalffi {4 Fh 7R e A3 43 2507
£ (MCC \MNC ,EPC ,EcCentricity ,Closeness , Degree
Radiality), JRICHER RTON Y SCEEBLIA , Se 4., kA
SRHEREA

125 S FXHES AT : Ui UniProt M3 (hitps : //www.
uniprot.org/), % 28 S5 8 44 FREkID , 10 % 8 1
B UniProt 1D i J UniProtf: {1k it 5 1 , 4 422 21 ] A
AR S5, T AR R = 4B 254 17 [RTHDOCK
FEIT i A28 1 BT 548 SCOF i R X245 R AR
PJEHDOCK 25 A BEFIPYMOLAY AT WAL 45 5, 24 2
P15 18] A4 AR ELAE F o ZEPyMOLH A A 5 o Y %
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I BEfe 32 2 AL (A it 5 :20200320-145)
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1% N5 me/ke, B H T 1005 FTOBS B2 i 47,
PUR % H i 38 50 5, A5 H 342 me/ke, FFEETEST20
d AR T A4 AR 14 d2H FERI421 A2 7ERE R 2
FAth [ AkSEih 35 (5 H 362 me/ke), 5373
71421 do X BRA R BR R A i A R K R
RS20 d,

133 RBEH LUk 2= G A K IGRP75FVDACTY
FE3K BT K BRI I T 5 391 2 F - R e I , 251
HERE F 75 AL BE , B E 4L 20 [ 5 , AT e e 41 44k
Y O LA ZUT0 7, FLBE S AIEDTAE &2
J& , 1 INGRP75 .VDAC1—#t (37 °C,1 h),PBS3E 4y
PET, T B R Bt (37 ¢, 15 min), PBSTE 15k
W DABR (A, PR YLt i e i, AR
WLEE, o B (LSRR €0 20 Iy BH P 4R, 20 B FH PR AR
SHPEPEE T (average optical density, AOD), -4
AODfH=ZFLAODIE/ALEF AR, R B T 2 (R A K
1.3.4  SEEFE mPCREGIN. D WL ZL I GRP75FIVDACT
mRNAZE I B /INHO ILZH 2059 il 22 R i s 4%
b AR R IT I 39K, 45 /1 FITR1zol 4 HUAT
ZIERNA, FEHLINOD,g 0 /ODygo o HEAE> 1.8 AT 150
5 Sk N e DNAL 517 491 : GRP75, 1E 715 -GC
GTCAGAAGCAATCAAG-3’, JZ 15’ -TCATCATATCG
TCGTCCAAT-3" ;VDACI, iE[#]5° -TCACCCAGGTTC

RNA-seq

GSE31821

A

TCCAAA-3", 2[5 -AGAAACGGGATCTGAGGC-
3’ ; B-actin, 1E[5 -CCACACCCGCCACCAGTTCG-
37, K [[5°-CTAGGGCGGCCCACGATGGA-3" . %
PCRIZXF G U] A THAE , LAB-actinfFE R N Z:, ]
274 AL GRP7SMIVDACT mRNARYHIXT 2k
L4 it

K FHSPSS 26 04K #7485 A 1 H e BEkHG
PEATIE SRR A7 A IS A0 AR 8 i + s 2R,
SR IR R 7 2250 Hritb A7 oA, T 22 57 i 2 41
(] P I LU 35k FHILSD , 5 26 A 5% 1 U His 22 2H 18]
P LR H DunnettiZ: s AAF A 1E A 20 A0 19 808 H
M (P,s~P55) Fe75 , % FH Kruskal-Wallis & FURS 56 E 4 T
. P<0.05hZERAGIE .

2 SR

DEGsfiiit

P B 2.2V R 18 2% 1, X AR IR i HA A
F14) e 3 DAL T FURA 2R T 100 04 S A O UL S 7 D00 45
PR AT 0 %, L0 1k 12 1611DEGs, £ 451 3044~
- JHDEGs 18574 K HDEGs; % GSE31821 % 48 4
HhOGT RS L B B S8 2 R e 5 SR A TR R 15
F| 8901DEGs, £ #5719 I ADEGs 714~ T 4
DEGs, FIIH 5 B E115 2024 5 i 42 i A7 fDEGs,
5119, 45481 FIEDEGsHI3AS FRDEGs. LA 1 .

2.1

GSE31821

RNA-seq

A, upregulated DEGs; B, downregulated DEGs.
E1 FAFEREFESEHESE PHBEHDEGs
Fig.1 Venn diagram showing common DEGs across datasets

2.2 FEPHThRERGE I E E

N T L WS DEGS YT ZENE FH , % DEGs
BETGOFIKEGG/M T, GOMMT4s FH B, DEGSTE It
SR E O R E W IshE A S

7 R B, WIEI2A, KEGG i B4 14 5 i
7, DEGSTE MRS H A O 2 O UK 515 S i
MAPK/{5 S i AU T4 (5 S g 2 5 5, 0
K28,
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GO results of three ontologies
Striated muscle cell development
Muscle cell development B
Striated muscle cell differentiation Il cc
Muscle cell differentiation L}l
Striated muscle tissue development
Muscle tissue development
Cardiac muscle cell development
Cardiac cell development
Myofibril assembly
Cardiac muscle cell differentiation
Sarcomere
Myofibril
Contractile fiber
I band
Z disc
Cell-substrate junction
Focal adhesion
Actin filament
Intercalated disc
Cell-cell contact zone
Structural constituent of muscle
Actin binding
Gamma-catenin binding
Titin binding
Actin filament binding
Protein folding chaperone
Structural constituent of cytoskeleton
Heat shock protein binding
Ton channel binding
RNA polymerase Il -specific DNA-binding transcription factor binding
0 5 10 15
Enrichment socre A
Pathway analysis
Arrhythmogenic right ventricular cardiomyopathy :r
Caleium signaling pathway - -oodo
i Count
. 3
MAPK signaling palhway B RIRIIIITEN . -
H : . 4
| | @
Breast cancer P
Salmonella infection < . R 0.002
Gastric cancer o . 0.001
Cell senescence = éu.u-n||nunn||n||||||uu;-uunu»uunu-nu CYTTTr
PPAR signaling pathway <
t i T
2.5 3.0 35
Enrichment socre ( —log,, P) B

A, GO analysis; B, KEGG analysis.
E2 GOFKEGGHITLER
Fig.2 GO and KEGG enrichment analysis of DEGs
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2.3 PPIMZE RN C AL PR 156

FI JHSTRINGHHE P2 %) 514~ 464 DEGs# £ PP,
iz HCytoscape®k 14 H1Cytohubbafdi £ BYMCC . MNC
EPC . EcCentricity ,Closeness , Degree fllRadiality 75}

L HEAT O kL O e PPLFR AH A T HE 44 O 1Y
DEGs1E N SCHESE DN, UL 1. Bl Ji X 7R B i A5 21 1
HE44 FTONL Y 55 A 4R, 21l =5 LR, 5 3124~ ¢
BRI, 75 HGRP75FIVDAC .

%1 CytoHubba 7MEEBRIMHEZ AT XBER

Tab.1 Top nine key genes identified using seven algorithms from CytoHubba

Rank MCC MNC EPC EcCentricity Closeness Degree Radiality
1 VDAC1 VDACI VDAC1 VDAC1 VDAC1 VDAC1 VDAC1
2 GRP75 GRP75 DSG2 HSPBI GRP75 ITPR1 FABP4
3 NRAP NRAP NRAP ITPR1 NRAP GRP75 GRP75
4 MYOI18B MYOI18B MYOI18B FGF1 CASQ1 NRAP PPIF
5 CASQ1 CASQ1 CASQ1 PDK4 ACTN2 CASQ1 CASQ1
6 ACTN2 ACTN2 ACTN2 GRP75 FLNC ACTN2 ACTN2
7 FLNC FLNC FLNC DNAJBS TUBA4A MYL2 TUBA4A
8 MYL2 MYL2 MYL2 PPIF MYL2 ACTAI MYL2
9 ACTAI ACTAI ACTAI TUBA4A ACTAI FLNC ACTAI

24 FEASHEAMNS TXEHNGRP7SAVDACI
AHEAE RS

Oy FRHESE R R, GRPT5EE 1 5 VDACIE A
a6 ASRII B B 5 B BB e AR T
ShG RS R R AF, W B B S A e, 6T

~
~
~
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’
4

/

~

EFT 5 8-275.08 keal/mol . GRP757E [ H 119 2 3L ik
Asnl14 Tyr3315VDACIZE [ 1 & LR Tyr153
Ser167 . Tyr118;™ A= &, A B AE H . 4 /R GRP758K
FIHA 5 VDACTE FUR BUE ZAH AR FH AW 7 0L
3.

1

1

1

Tyrl53 :

1

1

Asnl14 -
- = 1
™ Ser167 :
ks 1

1

1

1

1

1

1

-&: Tyrl 18 :

]

1

B3 GRP75Ff1VDACTHIS FrIELER
Fig.3 Molecular docking results of GRP75 and VDAC1

2.5 HAHKEOIA L P GRPTSFIVDACIEE H %

IRTKERY Hegs
XTI i BRI 47 A2 AR +14 d

2 421 dZH K O LA L GRP75FIVDACT 4R
F2k KT R (P <0.05), WEl4 22,
2.6 FHHKBOIMALFGRP75FIVDACI mRNA

Tk KT e

SEIF A EPCRES R WK, 5556 B L, BRI A
KEUOIEH L GRP75MIVDACT mRNAZE KK Tt
v, L it 25 VA 9% DR TSR] 4E 4, GRP75FTVDACT
mRNAFRIAK - If AEF = (P < 0.05), WL3R2.
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Control Model Model+7 d Model+21 d
) - e . " o R

~

Model+14 d

GRP75

B4 &AKRROIHALGRP75FVDACT REALNZELE x 100
Fig.4 Immunohistochemical staining of GRP75 and VDAC1 in myocardial tissues of rats in each group x 100

®2 BAAROIALFGRP75FVDACTEAFIMRNAMEN R XKLL
Tab.2 Comparison of relative expression levels of GRP75 and VDAC1 protein and mRNA in myocardial tissues of rats in each group

Item Control (n = 12) Model (n = 12) Model+7 d (n = 12) Model+14 d(n=12) Model+21 d (n = 12)
GRP75

Protein 0.073 +0.022 0.136 £0.010" 0.178 £0.011" 0.271 £0.014">" 0.448 +0.041"-299

mRNA 1.000 + 0.000 3.369 = 0.069" 4214 +0.242 5.208 + 0.377% 6.067 +0.772>"
VDACI

Protein 0.077 +0.010 0.130 £0.010" 0.174 £0.011" 0.271 £0.014"-2" 0.382 +0.030"-2-¥%

mRNA 1.000 + 0.000 2267 £0.283" 4.078 0.269” 6.110 £0.412*"Y 7.945 +0.839*%

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. model + 7 d group;4) P < 0.05 vs. model + 14 d group.

UTAER , M T PR 00 i A4 35 AL 2
BRSPS ST R B, W P B WU 3 5t
FFERE SO ZE s AR R R VLR SRR AN B
7RI A WS e ) 5 A5 AH AR I VR FHBIL AR v AT
R R A UE B2 T RIS R B O AR
R P R OCHRE L PR, 38 A PN S B B IE, BE A8 A IfG
IR FHB BT ORI EIRTT RIS SR L PR

A G H o A WAE B 0T R LR G
HEDEGs: GRP7SHIVDACI . GRP75] {ZA74E T A
BB FAZ AR WO TR 0 Z2 R 4 e, R B T2k
R, BA 2 T ARG P o Bk £ (9 3 36 22 1,
GRP750] 115 Jg Z W5 S AR ROE I N, 2 5 4 g
IR GFA ALY A B T et N e 2 L i )
iR, A5 R G 2 N R R B TIAE O . ZHANG
2L B, GRP753 1 52 M Ly A AH 6 P J5 190 [
OCHEER 1, Wl JL 200 A 3 e AR o JUL R 1 S50 S 451
7, TR PR AR A R A AR RO BT ™ R B, 2
TUR/INEC O LAR L HR GRP75 263K N A& A it 55

W PR /N AR A th GRP753RIA I, P URl 42 08 PR />
B B T R AR ST 7 R R A R KT K E
T GRP75H ARy Z A B v (1 245 0 0 10
J1s

VDAC! E—FhZ U REMIH & 1, FEAERREOR A
T AS RIS I M S S8 I Fh KA S S A
G R, VDAC TS 0S8 B & LA 56, 7E
O I PV A BT, VDACT 8 A iR 1k b
A 0 T VAR LA 453 45 R 9 4, HOC2.0 L
2 6 v 7 S R S 1 25 3 VDA C 1R TR KT K&
FESE R A I AE 7 B B IR A5 HL T O BIEFE K K
BB AL VDACTR A /K P B 35 B X S50
7R, VDACIT ] g2 — MBS TERYIZ W FB A O LB R
P R

BE 7 1 587 & $R,GRP757] fig 5VDACIAH H.
T FH o 7 TR A 2H BT BIAIE 5 2 B, 96 3% LA T 8 Bl
SDK BCy L B & AR 5 S o A S S ik b, A A
5338 i A WIS B 2E AT R Bh B 52 56, & BLGRPTS
VDACIAETEI% PR UK BB R A rh s 5k, X 520
I 25 1 PRI 5 405 SR — B IR I ASRF 9 i 2 B, 5
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X REZHAH LB, AL 20 A +7 d2H AR AL+ 14 4 .
BERI+21 dZH R B O JILEH A GRP75 . VDACTAE
Tk B FE I mL UL BSR4 R, GRPTSFIVDACT 2
5T LD A I R

AT A Jry BRAE AR I 3l ) 52 30 3040, X 9

LM 22 , A I e — 25 R FH AR AR AR 560 E
K& RFGRPTSHIVDAC A S 1 1% PR 00 3 2k 3 ik

PR AR b a] BE Ry Jr AL BEAT DO RE SRR, I 224 18
i P — 2 R AR SE B XFGRPT5 Al VDACTRY R
TR AT o
25 L TR AR i AR S B eE T RS
SCUS % B, GRP7SFIVDACTHE P AE 3% I B A ok
o AR R LR, R RGRPTSHIVDACT AT RE 2 1fF
& RO AR T BB TE A Y5 hn ), X R i T
FOO R B DR YT AT SR T AR
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