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Abstract

Objective: This study aims to identify common genetic characteristics between hepatitis B virus
(HBV) and rheumatoid arthritis (RA). Methods: HBV and RA gene chip data were obtained from
the GEO comprehensive database. Weighted gene co-expression network analysis (WGCNA) was
conducted to identify co-expression modules related to HBV and RA, and GO analysis was used for
enrichment signaling pathway analysis. Differential gene screening was performed using a valida-
tion cohort. The key genes in peripheral blood mononuclear cell samples of patients with HBV and
RA were verified using immunohistochemistry (IHC) and immunofluorescence (IF). Results: WGCNA
identified 44 shared genes in the peripheral blood of HBV patients and RA patients. GO analysis
revealed that these shared genes were enriched in signaling pathways such as zinc ion binding,
I-kappaB kinase/NF-kappaB Kkinase, and positive regulation of exogenous apoptosis. Differential
analysis showed that DYNLT1, GRIPAP1, kiAA2013, MLF2, and TRAFD1 were up-regulated in both
the HBV and RA groups. IHC and IF results demonstrated a significant up-regulation of MLF2 and
TRAFD1 expression compared to the control group (p < 0.05). Conclusion: MLF2 and TRAFD1 may
serve as key genes linking HBV and RA, providing valuable insights for studying the pathogenesis,
identifying new biomarkers, and potential targets for HBV combined with RA.

Keywords
Hepatitis B Virus, Rheumatoid Arthritis, Bioinformatics, MLF2, TRAFD1

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

ZIIRT R ER(HBV) RS — A LB e Bk B 0 8. HBV EKYRe T SR ATATZOR, W hE S HAh H
SR A K. 2k 25% 118 HBV AL B R A G SRR [1]. 8RB SGTS % (rheumatoid
arthritis, RA)J& — M1 B S e M, B4 K %4 25~50/100,000 A[2], HHfI &0 IR A 1A 58
IERE, AR . PRETAI AR TR U7 SR R T RE S HOAOW A OR[3] [4]. RE O AR HBV FRES RA
AR, AHENTZIM BRI RUIRATE . A TR GEO A JLHE 2 b 1) RS B 5di, A 30HIE A
it 2= Ak [N, I S AL (IHC) A A B 2L (IF) B 5754 HBV & JF RA BB A I BN Al A
WG EE AT IR UE, B AE B HBV Fil RA [ CHRSEN, THAFHiFEfF HBV F1 RA HOCEE, X T-I%
N T X PR BRI HLE . TF 507 B A Wb JE ANV 7 VR 97 B p A AT F R S

2. MRFTTE
2.1 BIERE

76 GEO i e i “HBV” 8 “RA” Jycin], %R 51X PHFHmAH O I B R0 808 . i ik
%5 GSE119322, GSE58208 4 Ml ANZ 4N ML HBV 5, SLa5 37 5l HBV B3 A1 12 15 {e et iR .
GSE68689, GSE110169 Jy#h& ML/ MZAIAE RA A, A7 102 ] RA &35 fi1 80 filfi# FExt i, HBV
I RA 35 GEO HEEEE N 1. N TAEHIR GG 5 S 5L IR IB 1S b, 0 i i ok iAot 2k 47
log2 4. N TR BIGA LR FIFRE KT, RIS & BB SCR,  FEREH 5 H L R A5 5 E 1T U AC
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Bt th AT 2 R4, DS NI AT S5 AR RIERE, R T IS 8L
2.2. ImpREEAYER

W4 2022 41 10 H % 2023 4 5 ATE LR K FF EEBi2 i Fi f A L (n = 5), HBV &3 (n =5),
ZRTFE#E (N =5), HBV A ZATEE (0 = 5)HIANEFEA . FTa BEASRAG B B i F . AW sk
IR R & R Bt B ZE 51 2> it #E (K'Y LL-202210-069-1) »

2.3 IHRERHRIEM L 53 HT(WGCNA)

] WGCNA J7i5K3k15 HBV 1 RA MR, /] R BfF 4.0.3 i) “WGCNA” WilfT
WGCNA 7 M FIER RMELIE B . 3 FZ A R 1K “Select Soft Threshold” ThRgES: T 1& MK BME B (O
T 1~20 2 18)), PATFETREM S hriE. FIF Pearson AHIe 0 Mt B A 2 I I BCRME B, FHEAl
o R A W ) g A5 B2 R (adjacency matrix). THELASy ay = [syf (ay JABEEEERE, A T A2 A1
FHOCHERE: sy NARIEERE, HHFTA JE XY Pearson AHOC R E p THEM R B ONIKIRIME) . 3 Fh 58
(TOM)FIAH R f1) AN ARABAEE R I (1-TOM) A REHE R FE L 4y dh Th B B R RS . My R G R &, KR BL 2
R IE K43 AR s . ) P RSSHURRAE B R (ME) 1 45 1 S BB IR, I3 T ME SIRREFIE 2
ARG o e S IR E = EEAR G IO, iR 2R/ T (R X . 7E HBV ) WGCNA 4
Hre, BBHE 1A 2; TAE RA AT, BRI B 1A 3. HoAh 2401 B 40 F « networktype = “unsigned” ,
minmodulesize = 20, mergecutheight = 0.25 1 deepsplit = 2,

2.4. Glue Go HHTEE KK (GO)BER A

FI 1 Glue Go ELH ) “goana” pREUN P FRIAHR BT GO AT, MEFEEE K8 0.05, Jf
MR T AT 2 BB IE . AT Glue Go &) “gogplot” b2 i GO & SR T 4 R I T ALIL

25 EZRERADH

7E GEO ¥ 2 3K75 HBV (GSE58208) /11 RA (GSE15573) 4445, WiFdt =B H 2= R kik, i
I 2 AT T . #E1H M|log2(foldchange)| > 1, p < 0.05.

2.6. ®EAL(IHC)

SR ML 4%% SRR €, 0 =R T 3% U SO B 0] N IR A R . A BTR
F A5 20% IE % I 2EIMER S 1 h, 5—$H(DYNLTL. GRIPAPL. kiAA2013. MLF2 1 TRAFD1, Abcam)
1E4°CTWEE 12 he FI/KWEE 3 WK, KE A5 HRP BEBH) —PiE = FIE 1 h. £/ DAB & il
YR, TR AKEBEAT 52 4% o F ] B R 0 A5e R e R, L 22/ D055 5 MRENLE S X .

2.7. RIEFEH(F)

I %7755 IHC #A1F . 5 IHC AFEIFIAZ, i T Alexa Fluor 488 F1 Alexa Fluor 594 fH X1
T H1(1:1000) KA E: HRP MBIEN — 40, 1 DAPI Y0 k31T deth . ANTHEA{E ] DAB & ik 7,
B AR T 2 JBITT,

28. GitES

# H GraphPad Prism 8.0.2 B X Ee 34T Ge it o X th 8 BURNEAT IR TER 36, 145 & 1R 70 A1 9 5
iz Student’s t Fr IS PP 2 M AR B 72 57, Tukey 2 5 LI IVE LR Z H 2 A 2 5%, p < 0.05 F
NGRS IR .
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Figure 1. WGCNA and Clue GO enrichment analysis
[& 1. WGCNA #0 Clue GO E&E /M
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it WGCNA 73 #7E GSE119322 F11 GSES8208 ¥ 4E Hhiffi & 29 /M, BN EARFRAN A R ABEHL o
wE 1(A), E 1(B)FR, R4 Spearman AHK REZ MBI - MEARK RINE,  DAVEh & B 5 505 1 AH
KMo P/ “ RIS A “URIEE” 5 HBV SFEADE, #EA HBV A CHHCRIEREL: r=0.43,
p =0.04; JRIEMOML: r=046, p=0.02). KEORRE OB HBV IEME, 40567 98 fi1 97 4
R W 1(C), M 1(D)Fiw, £ GSE68689. GSE110169 Hjt%s st 19 MM, N R “auphpn”
5 RA(r=0.42,p=0.04), tL§5 415 NER. & 1(E)Faw, 7 HBV Al RA KM Stitd, # 44 4
RN S HBV. RA K. A TIRFEILEEPRIMEENLH, FRATH Glue Go #1777 GO B&H 4, 5
PRS0 AH G (A 5 G 7 R B B 45 G5 5k . 1-«B ﬁ’%ﬁl@@c/NF xB 15 S IEE% . AMEPEIE T IR
B9, TR REEARYS G E WS MEZ R4 5E TEBOLE 1(F). X REGT#—2 T
fit HBV I RA AL, SRR IR A MBI ZR .

Table 1. HBV and RA patient GEO data set information
F 1. HBV 1 RA B& GEO HIEEKER

ID GSE number Platform Samples Source types Disease Group

1 GSE119322 GPL6102 32 25 patients and 7 controls HBV Discovery cohort
2 GSE58208 GPL570 17 12 patients and 5 controls HBV Discovery cohort
3 GSE68689 GPL20171 21 16 patients and 5 controls RA Discovery cohort
4 GSE110169 GPL13667 161 86 patients and 75 controls RA Discovery cohort
5 GSE15573 GPL6102 33 18 patients and 15 controls RA Validation cohort
6 GSE58208 GPL570 17 12 patients and 5 controls HBV Validation cohort

3.2. HBV #1 RA LB REMKE

N T HEBREBIE P TR, REmEBIE B EMACE, AR HBV (1445 4 GSE58208 Al RA i 4
GSE15573 4T PCA 434, Wil 2(A)Fim. ZRatriis, Sx4MmLtt, HBV il RA o' DYNLTL,
GRIPAP1.kiAA2013.MLF2 fil TRAFD1 2K 1552 L, 25546 4iit22 5 L (p < 0.05, K 2(B), 4 2(C)).
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Figure 2. Differential analysis of key genes of HBV and RA
2. ERSH HBV 71 RA KEERH

3.3. HBV &3 RA fhci EERIIEIE

T RPERE HBV Il RA OB BE R, AW AR R A A B (n = 5), HBV & (h=5), &
T 835 (n = 5), HBV &7 Z AT B (n = 5) B/ MZ A%t DYNLT1.GRIPAP1.kiAA2013.MLF2 1 TRAFD1
FIEFATIRAE . IF 45 R BoR SRR IRAM L, HBV-RA 4174 MLF2 (p = 0.0011)#1 TRAFD1 (p = 0.0003)
FiLEBE L, ZRE5%E 0 3(A), E 3(B)). IHC B 5B A M L, HBV-RA 4 MLF2
(p = 0.0004) A1 TRAFD1 (p < 0.0001)F s £, ZRA G2 (4 3(C), K 3(D)).
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Figure 3. Verification of key genes in HBV combined with RA in clinical specimens

3. HBV &7 RA frx i E EfEim RATRA A HYIEIE

4. g

RA [ RIBHLEI M AE 2%, Trépo C.AAHI4 £ W] HBV M RA Z A {FAERFIE R, $R HBV H R 1%
K RA MEZRKZE[S]. 800, HBV 5% RA B THLGIMANEE, IFRIRAH L. WGCNA Z&—Fhss K
MEE, ATRAL I S IR R MERAE DGR B, R R A B S B = B NI RIA B . T IR
HEE AR RA FI HBV Z [HJ I NTEBR R, FRATE RFIH WGCNA K548 % T HBV Fil RA (13 [F] 3 R S
aepliili

TEARBFFH, I8 WGCNA 74T, ikt 7 5 A5 HBV Fll RA KA R BAH I L BE3E R : DYNLTL.
GRIPAP1, KiAA2013. MLF2 fil TRAFD1. &/ iX®HE[AImIHEAE HBV JEKHLEl RA [ mibL| bt &
BVER . B, DYNLTL &M iish 115 A SRR, HSt i iE@ime]. el yH
FEMKE, H5IEAMEOEN, REFEEANZKIZ[7]. DYNLTL B RIAS BHEAFZ VMK

A
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[8]. It4F, DYNLTL AEAASMEBEFLIRE MM AOIGTE . IT88 . R RERAR M, ZE0R (2t SLARIE (R
J&[9]. GRIPAPL J&F GRIP #5EH, N/ G & Ras Kk (RasGEF) [ M i A BRAZ #e (K 7 [10].
i s FOT DA AL A% R [11] [12], IF B5 2 HPuvEnr o1 i A ¢[13]. KIAA2013 &2 —F 4
THN 69157 Da 1 634 NEIERRA KM IEEE A[14], HAEGRRFIEHMAERE . AR W CHkRIE X L
FEALE HBV 8t RA T HIVER, ATEHEIER DYNLTL. GRIPAPL. KiAA2013 &4t K W] fE7E HBV
50 RA AL R AR .

ARFFCIELL IHC A IF AL T REEEE, HBV B3, RA B3, HBV &I RA HH 5 PNICHE A
HIRIE, mAWIE T MLF2 fl TRAFDL /& HBV A8 RA HRE T 5. #f & ALK F 2 (MLF2)2HE R
1AL B SR B — AN 0t R BRI s R A, R DA & R SRR - HE R EE AL EA
MIAR B, TEVE 0 M SAG R B BERAE 7 LA |z 19 FHI&[15] [16]. MLF2 CUBEIEIA 5 9B bt T i 5
(HTTAEEAER, FH40H] HTT B EMEE[17]. TRAFDL (FLN29)2 — b 5l iy 775 4001 1] 842 20 Ao/ [ 0 4
J i) Toll B2 RME S A& I B AT, AR 56 R S i 20 B [18]. &5 Plekhml #H ELAEH
TR A B R A RN FE R [19] . b AN, MLF2 BT REAE LA RS 14 40 M 1 1 09 Fr E08 81 [20]
MLF2 i@ 1| USP7 &5 p53 M4 &, 5L USPT /v 51 p53 27z &4k, MM 58 p53 KAalie it 45 B e
MK A4 [21]. Bhuvanesh Dave %57 7t K I HIFla /3 AN N T INOS 15 538, RN 155 T MLF2
(IR . INOS FI4F S PEADHIF, Jdd i INOS BAFE M 1) 77 UK MLF2 B3Rk . tb4h, HIFla [
R, BT INOS Ml HIFLle Z [Al 8 252 MLF2 51 XEEdmE ], MLF2 £ iNOS 1 HIFla
R ER AR R CEAE R, AT DM — SR A IHE 515 2 [22]. NO [id &7 4 ml 5 5 2 VE 40 i [H
M= RIRE G, FRVEN A SR B IE5 R AL, NOSINO {55 ER7E RA IR AL A e G
YEFI[23]. HBV BEf% I NJF4HA R NOS2 2L (3L, W] REA S8 M 2P 28 R AR [24] R WLSC
R IE X L R 7E HBV AH2C RA ITEH, 041145 5 27k MLF2 F1 TRAFD1 7£ HBV 5% RA 1R IET A,
PRI AT RETE ARG P EEERMER, mTRe RO AR AL BB 5 1)

A FF— DT T 5 HBV 5 RA PN AH RGNS 58 0 Tl 2 B 55 1 45 615 5 001 | 1-«B il
INF-kB {55188 AMNEMRET G SHE. Z2RERARSSE T ERARZREAESE
Fo BTN, RSOl R O RIRFEA S E H I ARSI [25] . A% T-kB (NF-,B) 0% 2K [
LTE G VL 9 RE AN B T A 2 G BRI T I8 2 B A0 T T A e P 24 SR T 4
TR S S A B[26]. JETRARIIZE & S 30 T AT 25 5 & BT BRI 5 18 T2 58 3271
ZRFER R ORF(USP) & K DUB Kk, Fhafsias, 7T REgIhae. Wy aENE Ll kss
ey 3 Jee aek A r AR T i 0 A e T T R #E G R E F (28] 2 AR R MR B B (USPS) & — PP iz ALK
filf, 2Bz RS LIS ABINL A1 HAEHH0H] TLR-MyD88 Riit(5 5 % 1l [ & %% 25 5 B #[29]. #i
U1, Xiaobo Luo ZEif 50 A FR[30], SE I KAEL, RA-FLS FF USP5 318 Fif, HH USP5 id Rk &
F IR A 2R B R 7 1 P2 A RA S (A% IR 7 kB (NF-.B)f5 S8 0% . b4h, &3 USP5 5 iR IRFE A
TZRM LR T 6 (TRAFG)FH ELAE FH - 2B K48 iR 21z 2L, MiifaE TRAF6. IXEEHF 7T IR,
USP5 BHPEZ0 AT RA-FLS 2 AEIIFE . X /R UL (55 MK AT E7E HBV FIl RA ¥ &AL o R 5 8
BAEH .

5. B4
LR EPTE, AWIEE T 25 HBV A RA BB 1 B JE DR ATAR 55 5 i o I S I DR A3 2

HHEAS Y HBV &I RA BT AEMbr B ANEE R B 5L, /3 — D5t . RAEFIT HBV &7 RA
7 LRI, O IR E AR B AR T iR 2%
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E&WH
E X AR ES T H (W H %5 : 82272410, 81972005).
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