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[ ABSTRACT | Aim  To explore the potential causal association between galectin-1 ( Gal-1) levels and
atherosclerosis (As). Methods Single nucleotide polymorphisms ( SNP) associated with Gal-1 served as instrument
variables (IV), and the causal association between genetically predicted Gal-1 levels and As was analyzed by the two-sam-
ple Mendelian randomization (MR) method. Results Inverse variance weighted (IVW) results showed that geneti-
cally predicted Gal-1 levels were positively associated with risk of peripheral As and other As type (excluding cerebral ar-
tery, coronary artery, and peripheral artery) after Bonferroni adjustment (OR=1.16, 95% CI. 1.05 ~1.27, P=0.002;
OR=1.16, 95%CI; 1.12 ~1.20, P= 4. 11E-17). There was no evidence supporting the causal association between
Gal-1 and either coronary As or cerebral As (OR=1.02, 95%CI; 0.91 ~1. 14, P=0.765; OR=1.10, 95%CI; 0. 94 ~
1.29, P=0.220) ; After Meta-analyzed the MR estimates of As outcomes at different sites, the results showed that geneti-
cally predicted Gal-1 levels were positively associated with As risk (OR=1.12, 95%CI. 1.06 ~1.19). Conclusion
The study suggests that genetically predicted Gal-1 level is causally associated with As risk, and Gal-1 is a potential target
to prevent the occurrence of As.
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Bk EERE AL ( atherosclerosis, As) Z&—FpLLAR
JET AR 2R | AR AE 20 I 35 11 R 2l Jok ~F- ¥ UL 28 ML ( smooth
muscle cell, SMC ) 3451 & = ELRFAE (112 P i e Pk 9
IR TSR R ARHAL, As TS S 0
J75 (ischemic heart disease, ITHD) Gl Ifil {425 77 (ische-
mic stroke, 1S) FI4M )& 20 JJk 2 95 ( peripheral arterial
disease, PAD) &5 = ALT- % | 5y BUR R ) &k 2,
FEEE R AR R, AU TR As AR
IRITHE N B CEE

AR e I 1 S R RN 11 S e i N T
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B BRIl PRI OG 28 B S WA T 77 R A 22, Gal-1 5 As Z
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(Mendelian randomization, MR) J7 2% 7] LL#2 fit JoiR
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P A FI TR B At R s AL 4 1 T R A L
fitt, BT, AW SR A PIREAS MR B 52 K DAl
Gal-1 7K 5 A RIEAL As(Anoh & s kit RERE AL e

ARSIkt 1 65 A i 3 Jk ok e A1 ) =2 1) R A 1Y
ES S

1 #RFAE

AR MR #F Rt
MR #F 5 oy IV & 3 3 M2 B (1) %
BEBE WTETESRFRE T AR (2) 4
THBER M TIETESEMTRYHEE-ZRX
Ry BERERLLR; G) HHEBRE FNTAEES
SEMER RERT Y W BEFERLAT, AR
FHEF, FAAR MR % 0 & 5 H & KIRT Drake
B E N A LA AL ENER TR S AR
(single nucleotide polymorphism, SNP) L /& | As % f
B KR IRE T 2 2 & 4 4R 4T (FinnGen) (% 7 K B %
404 ) (https . //www. finngen. fi/en/) .
1.2 REEBLL As 2 EEAHIREIR

A B 4k B K (genome wide association
studies, GWAS) # 434 % J& T FinnGen, 7 FinnGen
FR o, AR E AL As w5 26 F A8 R oy B R
7 4~ 2 (international classification of diseases, ICD)
AR, MR R T = B R E R R RIEL
FMATEEFEARF(ERLD), K1 PRBEELT,
T E AL As # ICD 47 % K & , 25| % 1CD-8 ~ ICD-
10 2, Ho SRS REEELEFELRE N
236 794 |, &4 11 197 s 4 Fn 225 597 ] % B ;
TR B JH A A WA KB T 296 542 ], L&
36 418 1737 17 Fn 260 124 ] 3t B8 5 Ja 3 i 35 B¢ 72 AL,
WoHE AR E Y 309 154 ] &4 221 7 ] #1308 933
T % BR 5 HC At 8 50 B e 348 A A AL (TR A0 M 3h kL R
B Jic AR Ah B B B ) A K E R 299 827 M, L A
11 189 {7 ] An 288 638 4 %t M ; 3 4 WOl & A
G, ARS5H ERFeMmREI T FNES
1% B, 3% 7 |7 FinnGen K 3k (https://www. finngen.
fi/en/) o

1.1

x 1. HBKHEFETEL ICD KRES

Table 1. The ICD code of atherosclerosis in different sites

AIFIEBAL As ICD-10 ICD-9 ICD-8
S B ks e Ak 170. 2 4402 4402
R ) ik ok A A AL 125,T82.2,795. 1 414 ,9960A 414
i 20 Pk sk AR At £ 167.2 4370 437
oA B A B KA R AL 170 440 ,4370,4371X 440
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1.3 TAETER%REF

ARG E T H £ % Drake £ 9 T 8 &
4 B 3 0T SNP (1s7285699) 1 4 Gal-1 #y 3%
T B4 &, b4, Yang % 55 {E F| GCTA-COJO
HTLEN, BXREPEHNO0.01 #ET 5H4H
MLt E, RERET ZARELE,A

T HAFEAR MR # 5%, LT AE Gal-1 5 R B 3L As 2
Bl 6y B R % R, Gal-1 45 SNP #E %2, %2 P
BRERTAARTNERANITELTEN LR L
BRREAE B E R E R FE KRR
HiREF P ME,

R2. FIHERER 1 WEREBREZSHEE
Table 2. The characteristics of the selected galectin-1-assocaited SNP

SNP Chr VA S EA EAF Beta SE P

17285699 22 38066556 C 0. 406 -0.165 73 0.024 747 2.13E-11
12281096 22 37960825 A 0.622 0.096 017 0.025 086 0.000 13
rs139963997 22 38282558 A 0.015 8 -0.314 38 0. 090 466 0.000 51

A . Chr T‘é‘ﬁk@ﬂi( chromosome ) ; EA 38§ % W ¥V 45| (effect allele) ; EAF $§ N A A e IR A (effect allele frequency) ; SE TEbRUEIR 22

( standard error)

1.4 HHFRES MR 517

PATHFEAMR QM ERECHEZNZFERE X
SNP iR SNP £ B F W EE, EHHAEN3 AN
SNP 25l Il #AL As B9 GWAS % 45 o $2 B3 [ -
ZRRKEER,

A& MR #3414 F R %% (version 4. 1.2 with
packages , RFoundation for Statistical Computing, Vien-
na, Austria) F & “ TwoSample MR” #, ¥ 1T, 3 {# JH
“META” # F @ #AT 2 E 47, AHBRAXE W
MW, EEE M P PEH#ATT Bonferroni &
T L,RIEEHEE A P<0.012 5(a=0.05/4, % % %
49%), AXIAN P<0.0125 BREABR KX R4
IHEHE, T 0. 0125<P<0. 05 £ 77 H & X & 8y # 1
IEHE, X T SNP(1s7285699) , 5 A 7 40 b 3%
(wald ratio, WR) #4T MR 4 #1, & m N\ 7 4hF A
Morey TERE S, A M AL R 7 Z Ak
(inverse variance weighted, TVW)'®' Au A0 & fi %
Y MR-Egger [ V3 447203 8 77 % #47 MR 4
Mo IVW 3% % Burgess %% F 2013 442 1 #y — ¥
AoA 2 B A AE AL 3 b A ok TH S SNP XA
RERWHRNAE A, Z 5@ IVW 8 7 R H A
B % A~ SNP #h 3% Bi (8 9 AT £ 2 9 AT 5 45 B B R
P, BERA - T AR ERARE,
WL Bk A BT LR A Y Y BT B A Y
HERABELRNTIERE REGNEEL R
ERENXHB LT ERN S RMBE(TAZRE
T EHE) ,MR-Egger A 56 A A 17 B — Bony B R
B, SEHEAMBEERNORE 0 FHE
GitFE R, 0 P>0.05, AL FEKTZHIE,

W, # — FHAT T BOR M, EAH
Cochran’s Q A1t &/ 3o J¢ iU M, 3F A & P<0.05 &
AT FEXT ) WS, 8 T I MR fiF 2 E A
m B A B E KT LM SNP HK 3, R L3
117 EAN G A 5 (leave-one-out) % S 72 & A
2 RBAE E F 2 5l AT MR 24T, 88 5 B A B AL
BB AR A A SF R IR BB AL B Rk AR b 2 R B A
BLAE

2 # B

2.1 HEBRENASTER

X T BT W53 0T, # AN AEAE 8] 3C SNP | R A
SNP W HEBRTE B 2 4h, B 1 S 1 3845 F50 Y
Gal-1 /K5 ARFEFRAL As Z AR FR . BB
T BRAE T Gal-1 K5 AR H As ¥
PR ICIE, IVW 3B 8 5 R, it T A9 Gal-1
K5 HME As FA7E B E R B (OR=1. 16,
95%CI. 1.05 ~1.27, P=0.002) , 5 HALHBA As
(BREMIG Sk SR 30 ik S S8 B k) 19 e As KU 52
BEFME(OR=1.16, 95%CI; 1.12 ~1.20, P=
4. 11E-17) . -5 bR 3h ko A 5 £ R fii sl ok 46 A
REAR XU I 34 2 & A A R R DG Bk A E 3 (OR =
1.02, 95%CI: 0.91 ~1.14, P=0.765; OR=1. 10,
95% C1:0.94 ~1.29, P=0.220) ., HUSE SR T
I Gal-1 KX AR [F AL As KUES B 520 (& 2) .
3 o THAL MR Jrik g R, ik 5k 5
MR-Egger MIIH7E/3 2] T 5 IVW 3L A RIS 2R, IF
HEERW 5 FEH IVW 2 —2L,
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&R OR(95%Cl) P&
SMEBHBKIRERE (L — 1.16(1.05~1.27) 0.002
TR BHBR R —_—— 1.02(0.91~1.14) 0.765
R sh Bk ERE AL = 1.10(0.94~1.29) 0.220
H A BRI B BRI EETEL —— 1.16(1.12~1.20) 411E-17
T T T T
08 09 1 11 12 13
BBk REEREAL & A RS

B 1. AR MR S5 HTE E B0 fiE 2SS R 1 K T34 A B AR AL 3h Ak 38 RERE 1L KUK B 220

Figure 1. The influence of serum Gal-1 level predicted by two-sample MR analysis genes on

the risk of atherosclerosis in different sites

MR Test / Inverse variance weighted

/ Weighted median

MR Test/ Inverse variance weighted / Weighted median

MR Egger MR Egger
0.025 - |
# 0.050- / % —I’_
X ¥ |
= 2 0.000F |
2 2
§ 0.025 ‘;l‘/| E
i # —0.025
,}E. 0.000 - ,E
g E.g ~0.050|
-0.025 -
1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
I MERE R 1HISNPXEL I IERER1HSNPXEL
C MR Test /Inverse variance weighted /Weighted median MR Test / Inverse variance weighted / Weighted median
MR Egger MR Egger
04 4 0.08f
K
B S
% % 0.06
= 0.2f I
& s
) # 0.04f
= 0.0F—T— =
2 T/ B ooz _
® T
i 2
i, 0.00}F
-0.2}
1 1 1 -0.02 1 1 1 1
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
FZU MR R 1 FISNPXEL U HEREEE R 1 FISNPXER

B 2. WA MR &R SE
A AR BIIKHRE AL B SR S IR RAERE AL , C SR N SRR AL , D S AR AL S R AL (BRAMG SN K SeIR SR AN SN B ) o
B SR MR N T AR O A T MR SR
Figure 2. Scatter plot of two-sample MR results
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R3. EIMERER 1 HEARIBBBRRHETE L Z B X BRI BRI MR 547

Table 3. Sensitivity MR analysis of the association between Gal-1 and As in different sites

‘ IVW IV G EER MR-Egger
AFERFRAL As
OR (95% CI) P{E OR (95% CI) P{H OR (95% CI) P1E
A& sh kR RERE AL 1.16 (1.05~1.27)  0.002 1.15(0.98~1.35) 0.096 0.96 (0.63 ~1.46) 0.881
SR B Kok AR AL 1.02 (0.91~1.14)  0.765 1.02 (0.92~1.14)  0.700 0.82 (0.63~1.05)  0.361
Fii 3 Jok i A A £k 1.10 (0.94~1.29)  0.220  1.15 (0.41~3.22) 0.788 1.49 (0.10~21.69) 0.819

HoAb A Sk AEREfE 1.16 (1.12~1.20) 4.11E-17 1.16 (0.99 ~1.35)  0.060 1.08 (0.73 ~1.61)  0.758
S5 RABIR AN 1% 1 Gal-1, AS [0 o Kok R A & A= XURS: B A2 4k

2.2 Meta DITHER 1198 3A) 5 I A 55 A P AN i 37 09 A8 & 5, 78 X
XU RIEBAL As B9 MR A THE 476 5 IVW i A2 0 M1 b, Gal-1 7K SEXF AN [R]BA As
TE R B AETEAN T A ZE 200 B v 3t A% 700 %) AS (7] M H350% OR{E M 1. 12(95% CI: 1.06 ~1. 19; &

R As A OR fH M 1.09 (95% CI: 0.99 ~ 3B),

A

)R Beta SE Odds Ratio OR 95%Cl  Weight
PANGES) i G IR T 0.14 0.093 4 {.-r 1.15 [0.96~1.39] 22.9%
TR BB FEREAL, 0.02 0.056 8 1.02 [0.91~1.14] 51.1%
i3 s R aE AL, 0.14 0.5959 ; 1.15 [0.36~3.70]  0.6%
HoAbFBAL SR RERE L 0.15 0.088 2 Hl- 1.16 [0.98~1.38] 25.3%
Random effects model > 1.09 [0.99~1.19] 100.0%
Heterogeneity: /% = 0%, 12 = 0.001 3, P= 0.55

0.5 1 2

[Method: Wald ratio]

B
25 Beta  SE Odds Ratio OR 95%Cl Weight
SN Rk 0.14 0.047 8 —®—— 1.16 [1.05~1.27] 23.8%
LR IKHGRER{L, 0.02 0.058 3 : 1.02 [0.91~1.14] 18.8%
MR Eh kSR RE R AL, 0.10 0.0810 ——&——— 1.10 [0.94~1.29] 11.7%
AL Bh K REREAL 0.15 0.017 2 .- 1.16 [1.12~1.20] 45.7%
Random effects model ~— | 112 [1.06~1.19] 100.0%

Heterogeneity: 12 = 36%, t> = 0.001 9, P=0.20 r
0.8 1 1.25

[Method: Inverse variance weighted]

3. BEERERBIFFINERER 1 KFEX A B ABAL 30 Bk TR L XU Y BX & 2511
A A FTHT Y SNP (17285699) o T RS R UL AR Gal-1 %) As UBIRZN ; B AT 3 A SNP AE 4 T RASRER,
PIREAS MR ZPHT P Gal-1 SEANIFIERAL As #9-5 IFR0N . A BENLSON R G I AN IR BB AL SRR AL O 2528
Figure 3. The combined effect of genetically determined circulating Gal-1 level on the risk of

atherosclerosis in different sites

2.3 BREESITEHBRESIWER AHIERIER AR U BR B SNP S 53] 9 il 118
TEAFITRAL As 450, Cochran” s Q GEitiy  ARAAEVIBAAL , X RYIBA HA SNP XF AT

REB B 5B, MR-Egger IR0 (ORI A RRYRZm (18 4) .

WAR K IR B K 2R (R 4) o £
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x4, ¥IERES 1 SAEBAUKBEEN ZE MR 5870 R FRERE RKTE SR
Table 4. Heterogeneity test and horizontal multiplicity test of MR analysis between Gal-1 and

atherosclerosis in different sites

. IVw MR-Egger
RIRIFRAE As Lo SE IR PE
Cochran’s Q P1H Cochran’s Q P1H
ANE Bk sk R A AL 0.861 0. 650 0.011 0.915 0.029 0.032 0.526
FER B KRR AL 3.469 0.176 0.174 0.677 0.035 0.019 0.321
i B Jok A A 4t £k 0. 060 0.970 0. 006 0.940 -0.048 0.203 0.854
HAbFRA sh ks e Rdfk 0.127 0.938 0.009 0.923 0.010 0.030 0.789
A : B
(5139963997 . (5139963997 T
rs7285699 o rs7285699 =
52281096 . 52281096 B
All All I
01 00 01 02 03 04 02 -01 00 01 02
c , D
rs2281096 e rs139963997 : .
rs139963997 » rs7285699 : -
rs7285699 » rs2281096 : -
All : All :
| ; | : | . |
-1 0 1 00 01 02 03

E4. BN HIBRKEER
A JANE SR RAEEAL , B A DR SRR FERE AL , C SR K SRR REAL , D Sy A AL Sk kAR AL
(IR BIK TERSIBRRINE Bl ) o 1A S BRI H A ER A~ SNP 5 S5 R & A e 224

Figure 4. The results of “leave one out” test

NI KU A7 TR SR S =5 8 2 B A o T £ 97 3R
e Gal-1 7K I FFar 8 i oh e sh ke e ik, Efib s
ABFFE KL Gal-1 HIIBAE 5 BN S As 9% AsOCRIEIZIIK SRR Z KRN E 1K) 19 % 4 R
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W, AWFFEEA KB Gal-1 5 54k ) ik ok FE A 1L AN
RT3 K ks A B 1) A SR A, DU AT BE S5 Gal-1 7E
TR R AL 4 2 305 kAN [ e 45 ¥ A6 14 8y ik A 751 45 44
MIREZE A K, —TKT Gal HRIIKHAEAEIL
PEA T I R B, AR 4 5 0 BRAL 1Y) Gal-1 K
IR T RF T, BB EAE P S 8% 4 JH
Gal-1 7KV 3 Th @™ Beoh, A BF 58 3 W1, 416 56
Gal-1 /K558 4R Bl K95 ( coronary artery disease,
CAD) By B REE L BEL CAD R RS & A %
AR MU AR, IF & Gal-1 52 CAD 57

BUGIRE " AKX Gal-1 4R As &4 LRI
BL AW

APFTE, S5 As KA R ERSA B
B, A A AE As R FEOCHEVE R BF
TN, Gal-1 Al I 3G pad/42 MAPK @12 4E it
PR, MTHEE As RO BERDY ) KI5
FU, 148 SMC 2 Bl ok A0 B A S5 10 R 0 174 O
Z5& ) FEAFEATN TR, SMC KR
B M BRSPS 0PN G A Rl A
PezE At As BT R W] SMC 36 il v L sk 2%
As BIRAEREDY ) WFEEW, Gal-1 £k 5 SMC K
BATESEAE ) X — i R — AL Gal-
1 T 5088 M (a) [ lipoprotein(a) , Lp(a) ] et
SHECHLAE Bh ikBE IR, Tchikawa 27 YA 5T %
B, Lp(a) AEREIEHE SMC 458 , T4 AN As A & 24
WU o 93— TETENLHE Gal-1 BES % 4552 IR % 2R
IR , 1 2 A 1% 2 R 3% 9 g 3 o BTG Sre BRI
FitF i 4 SMC 3458 X R, Gal-1 AT 83 i
2 SMC IR R RS 3 As WO A, A,
MRS FT AR As #E | I 32050 o B A & [
F AT A R E S YT AR R, Gal-1
SRR B4 I /N B ST 8 S S R, R AR R i /I AR
WL, B 5HE As kA REPY B2, Gal-1 IJ{E
HE As R AE R AL 22 BAS 40, (8159 )5 L2t

AT IR As 19 GWAS i g
BT 35 PR -5 TR SR A [ 5000 oh U 1 38 R A T 4
1) K R 087 ), 25 46 o B itk — 2 s 1 ik T8 4 5k
IO AR SCIR HEAT T BUBAE S i, 45 SR a3 ok & A il
AR AT T AW SR TS M, R B, A B
LR bR, 145G, A5l Y TV 1 SNP %%
/b | CAHASAGHIN S B A i 1 A B 5 Lk, AT 5 B8
Yok B RN CHE, BRI T N H 43 )2 1 Y
22 R TIE 2 Al AEE 55 E— L A RAE

MZ ARG R I HEA MR B )7, X Gal-1

LORTRIFRAL As Z [0] () PR O R THRST , 45 R R
WAL T ) Gal-1 KF-15 As KU 52 1EAH 2, Gal-1
S As TBE AT 7R A RO . AR B 9T I8
TR Gal-1 76 As KA KRB,

(SLH B 24 8 o Bvh A 2 A A
w7 @4 A W)
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