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Abstract

Objective: To systematically evaluate the causal relationship between circulating inflammatory
proteins and gouty arthritis by two-sample Mendelian randomization, to elucidate the potential
causal role of inflammatory pathways in the pathogenesis of gout, and to provide genetic evidence
for the identification of new therapeutic targets. Methods: This study employed a two-sample Men-
delian randomization design. Genetic instrumental variables for both exposure (132 circulating in-
flammatory proteins) and outcome (gouty arthritis) were derived from publicly available genome-
wide association study meta-data. The gout dataset comprised 3576 cases and 147,221 controls. We
selected single-nucleotide polymorphisms (SNPs) showing genome-wide significance as instrumen-
tal variables and performed linkage disequilibrium clustering. Causal estimation was primarily
conducted using inverse variance weighting, supplemented by methods including MR-Egger and
weighted median. Sensitivity analyses were performed via MR-Egger intercept testing, Cochran’s Q
statistic, and one-leave-one-out analysis. Additionally, multivariate Mendelian randomization was
conducted to evaluate the independent causal effects of serum uric acid on inflammatory pathways.
Results: Forward multiple regression (MR) analysis revealed that elevated gene-predicted levels of
fibroblast growth factor-21, matrix metalloproteinase-1, and granulocyte colony-stimulating factor
were risk factors for gout, while higher y-interferon levels served as a protective factor. Reverse
MR analysis demonstrated that gout pathologically elevates the levels of C-X-C motif chemokine
ligand 1 and tumor necrosis factor-a, while simultaneously reducing interleukin-1 receptor an-
tagonist levels. Multivariate MR analysis showed that, after mutual adjustment, serum uric acid
and interleukin-associated inflammatory pathways exhibited significant independent direct
causal effects on gout risk. Sensitivity analysis confirmed the robustness of the results by show-
ing no significant level of heterogeneity. Conclusion: This study confirmed the causal relation-
ship between the multiple circulating inflammatory proteins and gouty arthritis from the genetic
angle, and revealed that the inflammatory pathway is independent of serum uric acid in the di-
rect driving of gout.
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1. 5l8
Jh8 AU 51T %8 (Gouty Arthrritis, GA) A& — Fh i R IR £h &6 f4 (monosodium urate, MSU)7E 2¢ 15 A H Ji Bl 4H
ZUTAR TN R B RAEDRAT o« HIURUR I RIZLIRI G IR 200 R DhReRsts, o W T KRS0 . BEE

A3 7 AR DL N 2 A 0T, I8 PR DR R IR 2 ETHEAS, CRC ARV A B2
{2z —, JEiHE, BEEERR IR EE S T 2t BE5WIE, B, LA, ks
ZMERBVIMRG, CRONEFENBAR BN WIEHE 2 —[1] [2]. AT AN 2 51 KAtk R AR
P, HARMSRAERIES], RS EUR MR B, WRAKIER, H250MmERE
i~ N S A R GU P R REAE DG, A AR T T SR P A i R R A R {8 3] [4]

GA (1755 A= BRRH X 52 % 5 BLAUHE 3 PRI IMUE « PR IR £ i AR URR LA 98 RE S 8 2 b R o 7E 1 JRIER ILE
PPIRES T 25| R PRIR R AR AR, B Ji5 16 8 PR IR 3 o A 2 B G 928 40 I 1870 806 NLRP3 985 /M, i —
B R IL-18 SR 5 AR T IR, 5 35UR 0 4 i OSLI A AE[5] [6]- IL-18 J& GA I SCHEAR 4 H 1
Z—, HATLLE S NF-xB. MAPK %55 5%, ek HAth 2808 B 7 (=4, JE I I 51 9 08 A fie
WK[2] [71. HbAh, 1L-6 54 i PN -t A i RV 18 1tk s R v e o 224 0, FLE IS JAK-STAT (5 Sl 2
SR s N, AR ST R AR R Th REZEIR AHOC[3]. PRIk, IR XU ST 98 IRYR 9T AN 7R 4%t
A A TURR IR B, 3 75 230 5 T 9T 9% i 8 Sk B 4% 1 175 11 H (9[8] .

BIRCA TR AN 25 5B AR MR T R IR A Pl EEAEH], (R ZH A ER T 2%
B, FERAMHEIR G R ISR 7 AR IR R TP, I, R SR B 7268
AP B 305 5 I S R KU DG 2 (R PR SR OG- AN A1 H A i A R B AL 1 2 B
Tobr, R AN RGBT RS ER RAEH, M ICIRTT SRS AE S o] SE IR -

2. Bk
2.1. MRt SRR

A TR IR A i R BE AL BTt APP ARG 28 0E B 1 508 AU D615 8 Z (RIS 26 &« MR A
PR AR A Dy T AR B SR W B 5% 5 485 = 2 A O DR R R, LR BATE T RE 8 A 00 St G ML= MR 5
HH T DL P TR % D e AR B i) DT SR R 9 PR DX 4% R 384 DRI SRR T+ IEU OpenGWAS %14 E (GWAS
ID: ukb-b-12765), %73 EL4E 3576 5 KR Gl AT 147,221 BIXHEE,  Frfg MRS R Mg, PARG AR
BT S — 80k . 132 R 4SRE SR [ 103 A% T R AR B RIET Zheng %5 A (Nature, 2020) % 7 [ KA
B 32 5K 1 GWAS 533 M1 (GWAS ID: prot-a-XXX #51), % FRERG AR % T 5 & A KF
ARSI A A I JRER ) GWAS %04 K5 T GWAS Catalog (GCST001318), iZHfF 7867 BRI A
BRI RFR KT S Ge vt Hdls -

22. TREZEENTHIESREREH

N PR TR A (A AR S, BRATHAT 1™ TR IE TR . FRATTIE IS % JO0E 8L AR 43k (]
AR E &M SNPs (p <5 x 10 ) oNHIa T RAR & . ik — DHEBRIEBUA T 45 Rz, 3K
ATREAT 1 SRAL TR, V€ & 1K/ 10,000 kb, LD r? B4 0.001, PALR FAAH E AL SNPs. A5
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T F it RO TRAR R R, W%y TRARMA . — BN F>10 Zon TAARBRE L.
AIINIIHTI SNPs 2 2 1ZAniE. BT ATEHES F GitRasinE 1.

2.3. HIERBEHLIL DT

BAMEH R BAF(RA 4.3.1)F ) TwoSampleMR (A< 0.5. 7)1 T AT MR 4347 FATRA IVW J7
A R 2 TR SR RN A 5 s o IVW B SRS SNP X 45 J3 P 25087 F el JH St 25 392 1 2%k 7 Bt 1B AT A ]
H, ST — P ] e RS BB LSS AR R T RS AR R Rl . TR AR, RATERA TR

MR-Egger [F1)H:  FOVFAZLERE M) 2 3P, 3 i AEE TR 56 22 30 PE R TR A7 (e

IR A #E: RMEAFAERR /o T AR s, REFM T AR N 50%, (it at—iE
Rt

RS AGE: HeT SNP 8 i WA RS AT A 1, R S HAE AU

Table 1. Summary of the number of specific instrumental variables and the F-statistic
#1 AfATRETERES FHEUHELRER

RERRE THA R T F Giit & H R
PSS R 12 32,5 ukb-b-12765
PR RAE 8 H (3L 132 F) 8~28 24.1~45.6 prot-a-XXX Z 5
M RER 15 38.2 GCST001318

2.4. BB ST ESRENE

AT MR-Egger #REFRLIC Ml & SR T2 8. A EEET p {E > 0.05, W HNZHHEAR
3. ffH Cochran’s Q it &AL IVW BRI 1) 7 itk . A AFAERE R (p < 0.05), WK B
L IVW B RATTHRAT T B — =W, AR AIBREEAS SNP JG ERTEAT IVW 28T, DURT G 45 B 75 e ot
AN Hi— SNP R3] .

25. HEELE/RIENALIHT

Nt PR LG RIR . B BRHE SR MR R C R, IATEAT 7 2ZE MR 7. MVMR
REMS [FI I VA% 22 A B2 8200 45 )R ML R R AR, A R hil it 2 R IR 2% . “BENEFHE” 23 A
W, AN RRHEERE LR R B AR B REEAHKEE: IL-18 (GWAS ID: prot-a-1234)., IL-
1Ra (GWAS ID: prot-a-1235). IL-6 (GWAS ID: prot-a-1236). 1L-10 (GWAS ID: prot-a-1237)

AT IS IRIR 5 LR VUR B W E A AL AR, MRS )R, WELZAE MR &8, TH
A B (bR HE 5 AR R MR — 3. T T MR 208 25 SRS AR AR AT T AL, SRR B T7 VR R I BRLER
ROSEAG VB S 95% B A7 X [A]..

3. R
3.1 EFXEFEASENMEXTRANERXR TG

FATE S IS 7 Z INAGEXS 132 FhEFR JE0E 8 1 5590 WUPE DG 2 1 URS 2R 4T 174 THT R 8L [r) o 4 7K
BENLAL AT, R4S 2 EAIOR RS, FATEE 2590 KR AEAE B35 AR G R/ I CIPs. £ “ kiR
—J R B b, IVW T g R R, TURR CIPs /K AL TR0 -5 9 JXURUSE A7 78 2 35 1 IR SR 56 & (FDR
<0.05). Hrr, mAF4Edm s KIH7-21 (FGF-21). )i &8 & 1 EE-1 (MMP-1) FURL 4 o 42 75 il B A -7 (G-
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CSF)7KF-F T i 22 9 XU KUK R 2 (OR > 1, p < 0.05) . AHIZ,  p-T- 3 Z (IFN-9) KT B T i S 7 R AR A

Hs 59 AUXUS: R PRI 2 3 AH G (OR < 1, p < 0.05).
FER AR R R (R TR ), FATRIIE R =Fh CIPs (142 A 000 7K ST 47 7 2. 35 (1 1A

RN BART S, R EHER T C-X-C 7 K FHiAk 1 (CXCLL)FI MR AR F--a (TNF-a) 7K
F, FIRFER T AN F-1 ZAREHRI(L-1Ra) /K . SUsME i 4s R E/R, MR-Egger #UER A IE A R I
2 I MK 2 8 (FTA p > 0.05), KU T HAS & A R SR B o . i riE s BiR A
IR BN SRR SNP K5, &5 RAafiny 5 .
3.2. 1L-1p 7K 3 3} 988 UL BS: B BB SR 38T B2

TR BENLAL AT s T ST A ML IL-18 7K F-(bbj-a-57) % 9/ KU (ukb-b-12765) /7 75 . 2 /Y
IEM RN . AVE AT E W I ER T 2 MBGEASE SRR, M5 RER BN — AN 507, I8 R R0 X
% (OR fH)H 1% 1.005 (95% Cl: 1.002~1.008, p = 5.64e—04) (/4 1),
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Figure 1. Forest plot of individual SNP and overall MR estimates
[E 1. B4 SNP KRE{F MR &It HI 3R [E

X IER B REAR 3] 7 HAbb 72 MR J7VESCHF . AU h AL B FFEAS T & 1Ak THE(OR =
1.004, 95% CI: 1.002~1.007, p = 2.39e—04), FHARMEAAIEI T THA R, 2K RMNARRFE. 2R,
BUBME T AR R T 45 R 4. MR-Egger [E1AF B AR TR IA 240 it B2 (OR = 1.000, 95% Cl:
0.990~1.011, p=0.931), i IAUHE R KAl IR FF .35 (OR = 1.005, 95% Cl: 1.002~1.008, p = 5.44e73) (4] 2).
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Figure 2. SNP effect scatter plot
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Figure 3. Leave-one-out sensitivity analysis
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FEA™ SNP L5908 AU 38 18 SCIonS 5 L35 PR R g A% R BRAE . R 2630 & IR R AR AH MR 75
(0 R R A THE . MR-Egger [FIHZ8 ANSRHE M R 2. B —VEBUBME MR I, R 1) S I A 52 BT ]
—ANE— SNP [ Rz ma (14 3).

EAFERE MR, 50 AR SR I 2 T R AR & 2 R A7 7E & 2 0 R i (IVW Cochran’s Q p =
6.43e-05) (14 4). /REI, MR-Egger AT 3R K ILE ] /K- 2 ACHE R UEHE (BEE p {6 = 0.410), iX
MARRAR B b SCHE T 2 DR AT 1A A0

MR Method
Inverse variance weighted
MR Egger
6.0- ®
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Figure 4. Funnel plot for evaluating heterogeneity and pleiotropy
E 4. ERRERM S MENRE

3.3. EEELE/RENALSIHT

BTG RIR A RFHE SRR EE R VIR B AR B R, IRATHHT T 28 8 h /R
S3HT, DAL [EII AR IE FAth B BRI 0 R PPl A 2 8 0T o AUXURS: R 7 BB R RO, L& 5

MVMR g5 50 EoR, TERINAZIE A RRIEIG, M55 R R XU B2 DR SR A5 AR S8 I 3 (B = 0.004, p
=0.001). [FIFE, FEARZIE T M35 RERAKSF IS IS, A 2509 XU B2 DR S A0 7t R S5 35 (B = 0.105, p
=0.003). IX—KILFREA, M7 PR ER AT B 20 A 0 B BE A5 I8 XU Ao LR A 3504 T 5 A 7 B B3 ) R SR A
B, T IFFEMTER R BN, 1T BRI A R A s I E R A
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exposure outcome nsnp  method beta (95% CI) pval

bbj—a—57 ebi—a—GCST007090 40 Inverse variance weighted HH —0.006 (—0.087 to 0.075)  8.86e—01
MR Egger [ —0.071 (—0.204 to 0.062)  3.03e—01
Weighted median gl 0.031 (=0.060 to 0.122) 5.01e—01

ebi—a—GCST007090 ukb—b—12765 5 Inverse variance weighted 0.001 (=0.001 to 0.002) 4.89¢—01
MR Egger . —0.007 (=0.013 to —0.001) 1.05e—01

¥
Weighted median L) 0.001 (—0.001 t0 0.003)  3.64e—01
exposure ukb—b—12765 12 Inverse variance weighted s 0.005 (0.002 to 0.008) 5.64e—04
MR Egger L) 0.000 (0.010t0 0.011) ~ 9.31e—01
Weighted median . 0.004 (0.002 to 0.007) 3.05e—04
0

\ \ \' I I
-1 -05 05 1

Figure 5. Multivariate mendelian randomization analysis of the relationship between serum uric acid, interleukin traits, and

gout
B 5. MERE. ANZHESERZENST 8T EREILON
4. g

AHIE TR FH BAREAS d A8 RBENLA BT, RGPl T 132 FhEIR S0 8 1 559 KPR DR 498 2 A 1 [
RRFR AW EZRIA: 1) 7EIEA MR A, FEE N =K -F 1) FGF-21. MMP-1 1 G-CSF /2&J#
PRI R 25, T s KSR IEN-y T2 — R RB R 25 2) FEJ I MR H,  J6 RT3 RS DAL SR 1 5 55
7 CXCL1 Fl TNF-a /KRy, LAK IL-1Ra ZKFHIFEK; 3) 7485 MR MR8, 15 IR 5 e 1)
P T % (LA A 2 R ARER) o i AR LA ST 1) e TR SR A8 o 3% e 4 TR S B A XU S % 11 S0
T BENLA B A 18T B8 A% SR A AR R A A

FATVR I FGF-21 5595 RS 1) 1E 18] SCHR & — MEAF VTR R I . FGF-21 3= ZE Ay — Bl i 5 b
REARU A SCBE IR 7 [9]. FRATTAIES SRR, AR ISR IRURUS R4 T AT Bk S T A6 S M IR IR AR i 42, B
5 3a e AT R S AT RS A B R RS A O, IOV ER AR IR S AR SR A A R SR LRI R A TR
R Z . MMP-1 (—FhBe % B ff 5 I 2 1 AR 268 o 463 Jeg 2 10 T g XU R 3R PR R B, DAy B AR AU P 01
TR INLHIER A T B SCRR[10] [11]. JREZER AR5 S MMPs 1I3RIE, AT 5 E0C8CH AR 285 (1 B
fifto TATHIR AHEWTZR B, MMP-1 AR K SRE K724, B AE DG S5 R M4 1 R LA Hh 4y 38 T
WRIIIR SN A [ 12] . G-CSF (— s R0 RIRLAH i AR RSORTVE A4 R ) 15 90 UKV (9 ER SR DG BE, 559 U 2k k
VERHE &1 BEW) & [13] o« G-CSF A 2 ek v MR 40 M (R 39 B s o A RIS A, 1w P WL PR R R 3k 1 5
R BNE SR RAT RN R T AZ O AL [14]. Rk, B G-CSF L NS5k, snr AR
SRR AE SRR L

HAAERRZ, AT MR T 751 TNF-a. NLRP3. IL-1A/IL-18 25 ¢ 48 i i B E 9 X P 1 4%
ORERER, 5—FRFFETHELTH “HEGTSNL” MSERO s RAELE. flin, 228 250
FAESE, BAE AR I MG AL B HIH] TNF-o/NLRP3/IL-18 15 S0, 0 25 Ja e KU 5 5 A R Ay
VB SR B 1) 9 [ BE[15] 0 12 RIS AN 7 P AU RS 3 i TNF-o KPR RS ik fE— 8, 3L
AT TNF-a KL TUER NLRP3 SO /MAHIE 00 R IORER 15 P 1 OCHET s BbAbh, SRl ah 55 iRt 5t
T A S AT R R KB K SR OG04 1L-6 K2 NALP2 mRNA [k /K F[16], 1 ¥e 558655
RIZITFIGEIE S P P62INrf2 @i R IE DU AR IER[17], XS] fE -5 BATHT 8 3 1R 2 &
S R ) b ST TR SR AN N AE SRR . ZE SO RS I T P2XT AR RIEURALEIAT 7T [18], HE—B 478 T MHE
W5 5 2 3 B SRR o BBUR AL, 10 56 B3 BRER T AT AR T T p o X R SIS IR AN A HLZ T UE T A
AL SERE FOR R L, R R BT 1% B8 CLIR I ) 28 FE 38 4% (0 TNF-aw NLRP3. IL-18 %5)iH 7T Til——F 18
S B AE W I FRUIE A Gt 25 2 7 —— ¥ AT i A 5 R IR SORE 1A R
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NG NRB I R I Z — & IFN-y A I I R M RN o IFN-y A4 88 E A& Thl G [N 6
AR T, B SR RIERMIL[19]. 2R, JEEM R REEIREA R MR TR, AR
PRGN IL-18 M= A A0 Th17 A 4. BRI S, IFN-y nlagiE I DU R LSS R SR 2%
Fi: Z—, IFN-y $uE 2 n] AIH] 1L-18 3KEh I 4R /MABEGE R Th17 4iMe i 5046, 1 IL-18 F1 Th17 8%
FEJR R A SR B EIE[16]. B, IFN-y iRt EWRA0 i ML AR, T M1 E WG4 HLE 48 0%
JE AT e e B SR AR R TS PR IR IR 2R b A, AT E 28 REVH IR [17]. PRIL, FRATTH R IHRAR 1 %5 IFN-y
DhRe e gi—sni A, Haos 7 HAEIR A AE P48 AT sy — A “DARIAR” HERF A, XN
oW TR SR A 7R ) L

FE 08 MR 23, FRA T B X RE % 52 2 T CXCLL (— R g R i) r 4 4 M 4 £k ) 7)1 TNF-a
(— RSB R R T)RIAKE, R R IL-1Ra (IL-1 A RARIEDF) KT . X —45 B LR 1%
R E R NAEAE I SORE RGBS . BORPIRES A RS T 58 80& 40 R 7 A 2 IR 772 A, 3B HISs T B &
A B4 28 B AL o 45 A2 IL-1Ra M RRA%, S IR EASE R 1L-1 #0036 o7 M A 1 e AU A R AE EEp
WE, UESE T IL-1 38 ER AR KUAE TR A% O AL [20] [21].

TR IR IR, ABEFANT 132 FhEE AR A T REMAES R, WE2HEARERH
SN R R R OCH ., XAAZHEERZ . g, XN TIRAAMERI IS, FAEIRE
ZEMIGKIE G KRR T @5 S, mAREMHMESE R, ik, BMERAG  EGEEE, SRRFLSIRH
JREE R R 38 T VR B A A S 56 R B KT AR A I R FE R (U 1L-64 1L-8 55), HABHIKT 138 15 5y
PERTBE AN LA IK BN R A« IX AT RER PR . 1) IREERR - RIMNAIER) “4 37 mEE <RI, X
— RAEATH S MR AR 43 BHESE (W0 TNF-0); 2) EATRIEREE R AU, EERRT N,
Ho4 SRR AT AR AN R BB R B 3) i TR RN IER, SHAITHIHRE. Xt
IO ke 5 S 5 B R AT S v 1 SR T L AE LA DR SR SR B 9 ) A% O 48 R SR 5%

—/MAMERMNE SR, ERFTH, IL-18 A5 IHRIE L B IE G Bon 5 9 R R & B G
o X EEGM S CTARTE, (HATRE i DA R R AR 1L-18 BOAE FH AL R A v AR 1, D 3 AR G
R NLRP3 ST /IMASEOE I RAEAE T, TER R58 b (17K 1 0T B8 0 I AE R S e HLAE S AU s vk
Ab, Fgte T HAR R MR I nT R IR R ik, HOR R (1 IL-1Ra) A2 B & MVMR H (A
FOM B B SL N, BRI SRR T %0 e 1 EE

BAIMZ A 8 MR o Arah B HAG BB IR E . fERIRRIE ML JRERK TG, R A R
TR P 0T I AL TR SR AR R AR AR R 2, IX R ) I IE B 98 RE I8 K S AR AN PR R IURE B4 30 T e A, T
A5 F RBRIMAE FAT « JOT M 3RS AR B IR SR 42 03X — R B M AR A T SRSt 1 e e R
TEFRIRERIGTT 2 AM22] [23], &FXHRRE 28RE I8 % B BE [ VA T7 (W1 IL-1Ra B e B . G-CSF {5 5 BHIT
SEVRTREN R, IR BEIRFRIRTT RN AL T 2 I 3, SRR 1R T 3k 35 [24]

R TE TR S8R B TTE, RO RE T 16 G0 52 T 50 Hh TR 4 fi e A0 A 1) 81 SR 1)
A AT ORI GWAS JE S, FRAE T Seih2ee: JRilId — R 50 M 1 Ukt 7 i i 2 A2 & 40 HT,
R T 45 R A fE .

SR, ARWFTCARE — L/ IRYE. B2, A% 2 3 R T BRI R, 4500 1 M1 (1] G SIZ.
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