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Abstract

Objective: To investigate the potential causal association between genetically predicted ankylosing
spondylitis (AS) and the risk of malignant neoplasm of the kidney (except renal pelvis). Methods: A
two-sample Mendelian randomization (MR) analysis was performed using FinnGen summary sta-
tistics: AS (finn-b-M13_ANKYLOSPON; 1462 cases and 164,682 controls) and kidney cancer exclud-
ingrenal pelvis (finn-b-C3_KIDNEY_NOTRENALPELVIS; 971 cases and 217,821 controls). Instrumen-
tal SNPs were selected at P < 5 x 10-8 and clumped (r2 = 0.001, 10,000 kb); outcome-side proxies
were allowed (r2 =2 0.8). Alleles were harmonized (action = 2) and Steiger filtering was applied. IVW
multiplicative random-effects was the primary method, with weighted median and MR-Egger as sen-
sitivity analyses; Heterogeneity was assessed using Cochran’s Q test. Horizontal pleiotropy was
evaluated using the MR-Egger intercept test and the MR-PRESSO method. A leave-one-out analysis
was performed to assess the influence of individual single nucleotide polymorphisms (SNPs) on the
overall estimate. Instrument strength was evaluated using the F statistic. Results: A total of 11 in-
strumental variables were included, all of which passed harmonization and directional filtering.
The instruments demonstrated strong strength (minimum F statistic = 32.90; mean F statistic =
308.60). The inverse-variance weighted (IVW) analysis showed that genetically predicted AS was
significantly associated with an increased risk of malignant kidney neoplasm (f = 0.0394, SE =
0.0145,P =0.0066; OR =1.040, 95% CI: 1.011~1.070). The weighted median and MR-Egger methods
yielded consistent effect directions and also reached statistical significance (weighted median: OR
=1.047,95% CI: 1.004~1.093, P = 0.0319; MR-Egger: OR = 1.068, 95% CI: 1.009~1.130, P = 0.0495).
Sensitivity analyses indicated no evidence of heterogeneity (Cochran’s Q test, P = 0.777), directional
horizontal pleiotropy (MR-Egger intercept, P = 0.277), or outlier instruments (MR-PRESSO global
test, P = 0.862; outliers = 0). The leave-one-out analysis demonstrated that the overall effect esti-
mate remained stable after sequential removal of each SNP. Conclusion: Genetically predicted an-
kylosing spondylitis was statistically associated with an increased risk of malignant kidney neo-
plasm (excluding renal pelvis cancer), suggesting that AS may be a potential causal risk factor for
renal cancer. Further validation in independent populations and datasets is warranted, and mech-
anistic studies are needed to elucidate the underlying biological pathways.
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1. 51§

558 L PR AR R (AS) A — 2R DUS I JORE N 32 BRFAE P AR G190 , (R BE RGeS g% 7 o B RE
G JAET S DR VR YT 5k (A B85 R 98 24 BUA Wit 351 IS DB DA 9 AT e 5 v 2B XU A7 7E R Ik
SR, ARG EENER T8 5 32 IR IR (RO JEIE 3 R ERAT N 55) SO R SR sg e, Xk DL AS 5
B MR 2 AR DA R R B R[] [2].

o R BEALALMR) R FH 308 45 A8 53 78 52 RS I BEN L FL AR I, 4 5 B A S AL AR A 8 T A &,
MTTTE—EFRFE FID IR 5 I nl R 3y, AR R R e 545 R R R OC R 8R4t 7 nl A7 k. DRk, &
W5 T FinnGen A7 GWAS LS, RHAMFEAR MR 50 EAA B AL T H) AS 5B S e (A&
W ) AR (R RITE FE R RO &R, Il PR XU DA 5 AL FF 78 32 (b T8 A AT AT 03 5 E 4R [ 3]-[ 5]

2. ERERAE
2.1. AR®ITE MR EXRE

AWFFNPIREA MR BF7T. MR 2041 535 2 LS A% O B
(1) MRMERE: THZRESREAS)EEHK;
(2) MortERs: THAARE SRR - 4588 R IR K Z= AL,
(3) HEBRFRHIME B : T HRASSAOE REER LS, A AR5 BB m 4 R oK 2 2ok 51
FLR MR P 28 ) o
2.2. BIEEKIR
BTG5 RN GWAS LS G iR KIET FinnGen i H, % TwoSampleMR/ieugwasr 1. 2.4
PR E R BN G SE 2/ BRI A IR AN BE[6]-[8].
o RFE: SREMEEA A (finn-b-M13 ANKYLOSPON), Jifil 1462, 118 164,682, MEEAE 166,144,
o LEJE: BB (AN S L) (finn-b-C3_KIDNEY NOTRENALPELVIS), J& i 971, Xfi# 217,821, &
FEAE: 218,792,
KA FAE AT EdE, AN EARTRGIE RS, FHIEHEsMeHE d .
23. TRTEFES LD X%

PLP <5 x 108 ABIMEMNETE GWAS tiifik 5 AS B A SNP /E ik T A&, AMHE T H
AF AL, HEHT LD clumping Ab3E, ZE055E N 12=0.001, % H 10,000 kb, A% B HFE SNP HER 513
(exclude_snps N=).

2.4. EEBERNESKE SNP &
TEGE BRI S T A8 XN SNP %N . AREULE R, 45)RM 1A LD /CEE SNP (proxies
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=TRUE), fCHBE®EAN 12>0.8; FEFEMA)E FE (extract_instruments A5 ) proxies).
2.5. FNEEBBASHFEMEE

K H TwoSampleMR £, 347 4537 £ [A ¥ i (harmonise_data, action=2), i {4 #& 5 45 )5 SOV AG THEAH

[) RN S R 7 1) AT b . Bl JEEAT Steiger 77 IR K (steiger filtering), DAisk €3 7E 7 )4
A, AFRREHN 11 AN T EAE, Steiger i J8/5 MR (n_steiger kept = 11) [7]-[9].

2.6. TR EEFEITM

R THE

T HASERE T F gt 83 . AW g & SNP F {E 5 E A 32.90~1408.80, /)N F {EH A 32.90,
T F {E4 308.60, IRANAAATETS T EA & @£ 1).

Table 1. Instrumental SNPs and their effect estimates and F statistics

F 1. TETE SNPIIRKHEYNESHS F RIHE

ef- other_

ef- other_

SNP fect_all al- fect all al- ::;2’_ l:::z eaf.ex- eaf.out se.ex- se.out- 2 F

ele.ex- lele.ex- ele.out lele.out posure come posure come

posure posure come come sure . come
1 1510807943 C T C T —0.562 —0.069 0.936 0936 0.081 0.095 0.0002 48.038
2 rs11759147 G T G T 0376 -0.124 0.112 0.112 0.06 0.073 0.0002 38.345
3 1513033284 C T C T —0.221 0.021 0.627 0.626 0.038 0.047 0.0001 32.898
4 15144411658 T TITAG T TTTAG 092 0.008 0.457 0457 0.043 0.051 0.0027 452.121
5 15147086576 A G A G 0943 005 0.088 0.088 0.073 0.081 0.0009 165.159
6 151632869 A G A G 0.818 0.033 0314 0315 0.043 0.05 0.0021 360.995
7 1516894011 A T A T 2.107  0.099 0.072 0.073 0.088 0.089 0.0033 565.799
8 1381737030 G A G A 0.563 -0.012 0.597 0.598 0.042 0.05 0.001 178.896
9 15181316459 C G C G 0984 0.167 0.047 0.047 0.1 0.112  0.0005 96.191
10 rs55813549 T C T C 2,634 0.121 0.128 0.128  0.07  0.068 0.0084 1408.798
11 189277481 G A G A 0.344 0.018 0.187 0.187  0.05 0.06  0.0002 47.337

2.7. MR £S5 S

2 R RN SR 38 7 22 AL (IVW, multiplicative random effects)fiti i1, F A FH B b 47 %2
(weighted median) 5 MR-Egger [EIVAHEA7 4N AR IGUE(E] 1) BN E L B TEUR A )RR, I8 OR K&
H 95% B A5 X [A](OR = exp(B)) [5] [10] [11].

2.8. SRR

S ME: SR Cochran’s Q A58 Al T H AR & [A] 5 i 14 (1 2)s
K23t K MR-Egger SRR IR VPl 75 7] 1 7K S 22 M (1] 3)s
MR-PRESSO: #4745 2 R 36 3 U0 B SNP [12]:
B —: BB A SNP, PF 2 BAERAN TATE SR 4).
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Figure 1. MR scatter plot for ankylosing spondylitis and kidney cancer (except renal pelvis)
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Figure2. Forest plot of single-SNP Mendelian randomization estimates for genetically predicted
ankylosing spondylitis and risk of malignant neoplasm of kidney (except renal pelvis)
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Figure 3. Funnel plot for Mendelian randomization analysis of genetically predicted ankylosing spondylitis and risk of malig-
nant neoplasm of kidney (except renal pelvis)

B 3. ZERENMUS TR ECREM B X >BEEMMBEAEER)

rs144411658

rs11759147

rs1737030

rs13033284

rs1632869

[ ]

rs9277481

[ ]

rs147086576

rs10807943

rs16894011

rs181316459

[ ]

rs55813549

All

) i ) )

-0.02 0.00 0.02 0.04 0.06 0.08

Figure 4. Leave-one-out sensitivity analysis plot for the Mendelian randomization estimate of genetically predicted ankylosing
spondylitis on risk of malignant neoplasm of kidney (except renal pelvis)
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2.9. BRGNS &/ AT

YT BN RN, AR o = 0.05 244 F, FT IVW i+ FIbrE iR 4T T REEA .
X5 E A BN OR, THE AR 0O Z 5 0=In(OR)/SE_IVW, FH45E AR A5 XUIMIAS 3625 17 [R50k 3] 80%
BT 0 B /N ARSI R SE(MDES) s FH - s BT F0 5% (055 25508 (1) G 11t

2.10. itk

ffH R #A % TwoSampleMR. ieugwasr. MRPRESSO 450 58 il 7 HT (TwoSampleMR 0.6.22; ieugwasr
1.1.0; MRPRESSO 1.0). XU P < 0.05 N NZEFH G55 7] [8] [12].

3. 58
3.1. TRTEHESHNGER

T MPIETE IR B E M OE SNP J5, 4 LD ZBHHKEAAN 11 ADMor T AR, SRR E
PIUR B il i Steiger 77 ML JE(n_harmonised = 11, n_steiger kept = 11). T HAFIREZIFAL B R/ F
B4 32.90, V3 F {7 308.60, $2/R THALEMREFRL .

3.2. MR E49th& R

IVW (multiplicative random effects)4 SR Lo, AL TR AS 5 5 IR N3 8 o) AU T 2 2
FHI(B = 0.0394, SE = 0.0145, P = 0.0066), XF. OR = 1.040 (95%CI: 1.011~1.070). A7 %% S MR-
Egger [0]JA%5 77 [H]— S HL R BEIA B 4 112 &5 2 (weighted median: OR = 1.047, 95%CI: 1.004~1.093, P =
0.0319; MR-Egger: OR = 1.068, 95%CI: 1.009~1.130, P = 0.0495) (% 2). A 7T T HAR &6 5 75 (1) 5L 7 Z fif
BEZN 2.03% (R?_total = 0.0203). J:T IVW flitH bR #E1R(SE = 0.01448), 7EXUN o= 0.05 264 ~, AHf
FUXF OR = 1.04 (IS RN HA L) 77.3% K50 %077 153 80% %I 1 e /N AT Rr RN 24 2 OR = 1.041
(XTRE B~ 0.0406). $EnfEUHIFEARE ST 2R T, A FURT 1S PR SR 4R B 2% rh s s
Table 2. Mendelian randomization estimates of genetically predicted ankylosing spondylitis on the risk of malignant neoplasm

of kidney (except renal pelvis)

2. BETNAEE M BRI E BB S B RN R ERENLE DR

exposure outcome method nsnp b se pval or or_lci95 or_uci95
[y T
AS H AR VW 11 0.039 0.014 0.006 1.04 1.011 1.07

&A= rD)

B BAE IR Weighted me-

AS R4 ) o 11 0.046  0.021 0.031 1.047 1.004 1.092
IIZ;QZ“, N
AS ORI p Egger 11 0.065 0.028  0.049 1.067 1.008 1.129

&A= rh)

33. RS TER

SRR U6 R 3RS T AR B A A7 E B 2 7 M (Cochran’s Q #2146 P = 0.777). MR-Egger #iA % 4
RINTT KT 2 M EIFE (AR EE = —0.0353, P = 0.277). MR-PRESSO 4 Jai#6 56 K i m K2 2ctE, H
RAG I E 2 FF SNP (global P=0.862, outlier=0). VLM R, HIBRAE— 54 SNP J5 248508 77 17 £
Fr—80 IR RAKATREH R THRAEIKS).
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AWHTEEET FinnGen AT GWAS LS, RAIPIFEA MR TR AL AL TN A0SR ELMEAAE 5 5
LR (NS ) XS TH R A G T2 AR SR o I ORHRAE IVW.L AU A7 805 MR-Egger =Fh 535
[ — B HAE R GEi 2 B2, JF H RS K1 2 RO R BUR MR 56 45 SRS A SR i A e (6181
4.2. TTRELHIMER

AS J& T RGESOEESIN, ISR T REIE I 2 2% BRI A AR A FR (1]

(1) RAES TS S ORI 18k JORE T AR 20 L IR - P 2% 15 G e M AL DH B, e Ao g S e i ik

(2) AALNHE DNA B s K ROREAH SR NET BEHE N DA 12 0 55 58 A2 B A 5

() FEZ R SR > AS BFEAFAE B A R AOE S %, RS T RE S B R K

AR
@) JRIT MR Z: KA 25 NSAIDs 34 2 P8 S35 7)) eg KU R szmm 7 il m] ge R 4%, 75 22t
—B BT .

IR HLHIY 45 A 528 5 s R Ui — 2B 06 AIE
4.3. L

(1) MR it A 7E— 2 R R b BRI IR 44 5 5 1) IR SR R 5

(2) THAESRE A LR/ FAE>10, ¥ F EHE )

(3) £ —8AVW. weighted median. MR-Egger 33 F[A] [ 45 ),

(4) BUBHE T RGN 23 7 P BT PR K- 2 20, MR-PRESSO 7R R R ILES#E SNP, &5 EA
—EREM12].

4.4. FIRM

(1) FEAES: AREESSR GWAS HBRIET FinnGen, W HEAF{E—EFEARE S, 2500
ity VR 4SS B T A1 A% » K 5K 75 7E UK Biobank S At WG N BE GWAS %t 8 b Je E Z 56101,
DA 58 25 SRAE A 5 540 2 8 1) — SOk I 3k — A PRI AR S B )

(2) FHIERGI: BT G BN SF 22 /WA IR T, 4518 M2 T A BE TR

(3) A RBEFARLE: AS N 3R AL, MR AT R s 1% 5 I (liability ) 28 o 45 J5) AU IR 50
e A i e 75 e B 1ok B2 A

(4) ZRANETCTE 56 A HERR RS BURME T RN B K 2 20, 5 B 56 4 HE B AR i i 1) s 0 5

(5) THRBHEAM: N SNPHEN 114, RERERE, (B0 5252 S50 1R m 58 /1
IR AHEFEE 5t 2 STROBE-MR FH[13].

4.5. IFFREMREN

KBTI AS W e 5 B B R AR T A 6 o X THIm RSB &, I — 200 AS B H
HEE ek e RIS DR 2 5 B 0 B BB AR AT IR A 2R s X TR &, e ST BA A 5 AN R IR G R T
JEERIGUE, Ik PIRR R OB S e T IR AR H A R

5. &t
3T FinnGen AFF GWAS ¥R HIFIREA MR AT 5oR,  8AE T A0 38 VA RE 45 B M P (O
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