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Proteome—wide Mendelian randomization identifies plasma targets for

white—matter hyperintensities in chronic cerebral hypoperfusion
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[ Abstract] Objective : Chronic cerebral hypoperfusion (CCH) is an upstream driver of cerebral small vessel disease, yet with a lack of
druggable pathways and targets. With white matter hyperintensities (WMH) as the primary biomarker at the population level , this ar-
ticle aims to identify related plasma proteins based on human genetic evidence. Methods : The full set of plasma protein quantitative
trait loci was identified in the European cohort ,and two—sample Mendelian randomization(MR) was performed for every protein. WMH
was the primary outcome measure (n=37 355). In addition, directional validation was performed in perivascular spaces (PVS) (n=
38598) and lacunar stroke (LS) (n=232596). Bayesian colocalization was used to assess locus sharing, and the false discovery rate
was controlled at 0.05. Cell-type annotation data were collected from a 34-cell-type human brain single-nucleus transcriptome atlas.
Causal inference was only performed for WMH , and PVS and LS were only used for directional validation. Results : There were 13 pro-
teins associated with WMH after multiple tests. In—depth analysis was performed for 4 proteins with cis—acting genetic evidence, i.e.,
ACOX1,ART4,MGP, and the laminin assay group anchored at LAMCI1. Directionality analysis showed that ART4 increased the risk of
WMH, whereas ACOX1, MGP, and laminin had a protective effect.
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trans—signal—driven proteins were retained as hypothesis—generating candidates. In PVS and LS, the directional effects of these proteins

aligned with those observed in WMH,, albeit with attenuated magnitudes. Conclusion : Proteome—wide MR screening, combined with co-

localization analysis, cross—endpoint checks, and cell-type mapping, identifies ART4 and MGP as high—confidence targets for WMH

under the CCH framework. Although ACOXT1 and laminin show protective MR associations , their inconsistent or weak colocalization re-

sults require further fine mapping and functional validation.
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*2 WMHEEURITRE SNPs
, SOni AER N 55 o

& B RAR s\e o e g ﬁ;g iéﬁ gi Bewa T R RAF i/

* S Wx 5 e
ACOX1 UKB-PPP 35571 rs10852766 17 73951864 C T 0.658 0.07 0.01 2.24E-20 0.003 0.0025 87.8 cis

phase [

ARLI1 INTERVAL 3301 1s429358 19 45411941 C T 0.153 -0.30 0.03 1.10E-19 0.023 0.0233 78.8 trans
ART4 Fenland 10 708 rs10772808 12 14990587 A G 0.400 0.90 0.01 1.00E-200 0.386 0.3862 6736.5 cis
CTF1 INTERVAL 3301 rs429358 19 45411941 C T 0.153 0.80 0.03 3.50E-148 0.166 0.1659  656.1 trans
DCK INTERVAL 3301 rs429358 19 45411941 C T 0.153 0.31 0.03 7.40E-21 0.025 0.0249 84.3 trans
LAMBI1_LAM INTERVAL 3301 rs4129858 1 183004334 G A 0.431 -0.29 0.02 7.10E-34 0.041 0.083 4 141.9 cis
CI1_LAMA1
LAMB1_LAM INTERVAL 3301 rs62199218 20 60932425 A G 0.039 0.75 0.06 1.10E-31 0.042 0.0834 145.2 trans
CI_LAMAL1
MGP Fenland 10 708 1rs2430687 12 15047396 T C 0.600 041 0.01 1.00E-200 0.079 0.1062 9199 cis
MGP Fenland 10 708 rs704 17 26694861 A G 0.470 -0.15 0.01 7.62E-28 0.011 0.1062  118.1 trans
MGP Fenland 10 708 rs77542162 17 67081278 A G 0.980 -0.64 0.05 4.24E-42 0.016 0.1062 175.8 trans
NEFL Fenland 10708  rs429358 19 45411941 T C 0.850 1.25 0.02 1.00E-200 0.399 0.3991 7109.9 trans
PDZK11IP1 INTERVAL 3301 rs429358 19 45411941 C T 0.153 0.35 0.03 3.10E-26 0.032 0.0317 108.2 trans
RGS7 Fenland 10708  rs429358 19 45411941 T C 0.850 -0.16 0.02 1.54E-16 0.006 0.006 4 68.6 trans
SARS Iceland 35559  rs429358 19 45411941 C T 0.174 -0.08 0.01 4.47E-13 0.002 0.001 8 65.6 trans
SNRPF KORA F4 1000 1s4420638 19 45422946 G A 0.170 -0.44 0.06 3.00E-14 0.053 0.0534 56.3 trans
TBCA INTERVAL 3301 rs429358 19 45411941 C T 0.153 -1.34 0.02 1.00E-200 0.465 0.4654 2871.8 trans
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I LA v 457 500k 5% MR-Egger 15 15 S SUSE 43 BT #E 4T 2
% AN T R AR AR, AR & I3 (false
discovery rate,, FDR) #% il 7 0.05%",
1.5 Wby k2 A5 547

AR TR SR Y DL Pt 5 A7 3 A 0 R L R |
MR % % 5 WMH JCHRSE A i [/l — RURAZ S 3Rk 3 . B xF & Fh
BT BT O Al T R R Y S5 AR B A, IR A hel9
SER AR EE A £ 1 000 T-BREE AR FRE 1 P9 HLA 5 78 5 45 )
SO ek BT o AN A8 S A6 ik PRK P A B St o
TR 5 (RN AETE T ISR A AT . SE R BE
b+ B 75 1K 0.000 1, 455 5215 0.000 1, H 7] 5K 0.000 01,
TR T STORRE R 1 J5 960 SRR B, 1S S PR R AR AR S
WEZE (PP4) 5] R AR R AE S (PP3) % PP4>0.80 41 5t
HHFIL AR5 0.50~0.80 1k $ 7 M S HF, <0.50 ¥k S HF
RS2 o PP3FZIT 1 U R i 37 A8 52,
1.6 55—k

X PVS, A58 R H T 2023 4F & % T H R - 2)
(Nature Medicine) ) 22 A3 GWAS/WES/WGS % I8 (FEA &
k38 598 42 5 ), Al I B A BT 4 R s ik T 4 Ak
Jii (extracellular matrix, ECM)/&% & id F2——X 5 WMH ¢4k

LS, R T 2021 4% 2= F(Hint JJ —#p 295 2 ) (Lancet Neu-
rology) 1 [l 5395 31 5 FE GWAS (24 7 338 {595 151] vs. 254 798
BT R ), I 4l 1 2 T AR R B2 AR A T R e
BEXFIX 2 AN ML SR T 5 WMH 2 Hr AR [0 T HL S i
VR IS PR A AR TR IR R AR 2 S
WMH 45 -4 T X g™
1.7 EEmEES kR R s

S 35 T /R SR 2 R AR I S AR AT A AR 5 R
T HPA N Bz S S A B3 . LR 200 s 3R T 34 FP AT il
RIS « FEH Y nTPM B, 78 35 11N X, IF B br i
AT Bl A SCR o SR B4 — RUBE 19 1 8] (dot plot) O J&
TR 4 FMBEEEE 1 (ACOX 1, ART4, MGP &2 HEEAE A Y)
TEIX 34 Fh 201 At 24 0 o 0 2 of 2 A o FAG ) EL B3, 3B T4
TEFR 200 M 04 R A 7 44 R 7 T B Ok A e R 145 5 1% 1
TR TR [ A LB RNA U (snRNA—seq ) £5085 52 19 4
2 250 T34~ i 4 M A% o
1.8 JEih HAaH

i @Jixquﬁf(linkage disequilibrium, LD) & 2% K s
57 A PRUR 928 H 1000 Genomes Project (55 = [ Bt , BRI A
HE) , FFAE 01 S SNP A7 2 1A T RS FNEEHEWT , B 07 T 125 95
Beda iy — v, T MR AN GE 7 20 Fr 248 R ] (1 2
P2 RS (hg19) 2R P BN AG 36 o 388 3k 250t 2 72 A ) ik 2R
KSR E (N S 50 MR A TR PR 5, 5 45 SR DL 2
BT AU, BURPE A3 25 SRA g SRR R



BERERKFZR 2026 £5 51 &5 1 85 (Journal of Chongging Medical University 2026.Vol.51 No.1 )
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HRRE (I RBE A5V s MGP 52 RiE R A 2B B R A0
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Bl R 32 )  REAR BEIR BT N 5 3 N TR 2 2o aod A ofe o Bk s 1 0 2
W T A 2 DR AR b o LS 40 A UL SR T I B o ) )
GWAS L A Ge T 088 L 98 1) 28 1fe PR ol 52 14 2% H A (<10 000
B, %t FEALRBE e (17 1)) 5 5 T T 53 il 17 A2
P22 5, IR FH I A S5 N AL RN, 25 3 o A A T 25 28 . 4
FRXPALZ s, AR T 5 WMH 2250474 [R] 9 5088
PR T AR B B R, s T 0 P A, R B T
& LB FEPERMFDRARZS (2 4) . TEMLAMHHELR T, Bk 44
AT S A5 30 2 P78 PVS FILS AR 3 i 5 WMH — 221
SONLJT IR : ACOX T \MGP FlZ Ak 1% 8 B A IR B (9
FEHT, T ARTA W HRESE 7R KU B o L4 X 550 134
ANTFAE WMH H N, 33K 55 46 AN 7] 2R 280 [V 1547 4500 18 % Hof
B UL R 4 — 30 G T S MR AR A TR 3B 43 ik
F| 4 3 (P<0.05) , [ 2 H0AE 2] 2 TR 3045 1F J5 28 A 11
AR B, 3% 5 PVS A LS X8/ B REAS i B 3 K 1Y)
I 42158 22 (U2 PVS)AEAF o ) 1 — B0t —— 4 51 2
ACOX1 HIMGP BRI 5, LA S ART4 A 55 UG 15 5
—— 1 2/ NS 2 FP AR AR B T IR, XA A5 A R R A
PEERAE TR ; SR E R (1 2 & W TE PVS/LS i 4 7 )
5 HILRE/ECM LY - DIREMIVI & o 5 NS 36E
TR A5 2 5 B 22 o1 235 SR SRV IR | IR A AR5
HIESE AR R (B 2 136 4)

#3 HERHEHLILER—WMH(FDR<0.05)

SNP OR(95%CI)

GHE| 7k Bt B SE PAH CITIR CILR W FDR

ACOX1 Wald ratio 1 -0.837 0.101 8.72E-17 -1.035 -0.640 0433 0355 0.527 4.09E-13
ARL1 Wald ratio 1 -0.158 0.031 3.39E-07 -0.219 -0.097 0.854 0.803 0.907 1.77E-04
CTF1 Wald ratio 1 0.059 0.012 3.39E-07  0.037 0.082 1.061 1.037 1.086 1.77E-04
DCK Wald ratio 1 0.153 0.030 3.39E-07  0.094 0.212 1.166  1.099 1.236 1.77E-04
NEFL Wald ratio 1 -0.038 0.007 3.39E-07 -0.053 -0.023 0.963  0.949 0.977 1.77E-04
PDZK1IP1 Wald ratio 1 0.136  0.027 3.39E-07  0.084 0.188 1.145 1.087 1.207 1.77E-04
RGS7 Wald ratio 1 0.297 0.058 3.39E-07 0.183 0.411 1.345 1.200 1.508 1.77E-04
SARS Wald ratio 1 -0.594 0.116 3.39E-07 -0.822 -0.365 0.552 0.440 0.694 1.77E-04
TBCA Wald ratio 1 -0.035 0.007 3.39E-07 -0.049 -0.022 0.965 0952 0.978 1.77E-04
SNRPF Wald ratio 1 -0.095 0.019 1.04E-06 -0.133 -0.057 0909 0.875 0.945 4.88E-04
ART4 Wald ratio 1 0.036  0.008 1.57E-06  0.022 0.051 1.037  1.022 1.053 6.69E-04
MGP Inverse variance weighted 3 -0.068 0.016 2.72E-05 -0.099 -0.036 0.935 0.906 0.965 1.06E-02
LAMBI_LAMC1_LAMATI Inverse variance weighted 2 -0.068 0.017 4.34E-05 -0.100 -0.035 0934 0905 0.965 1.57E-02
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