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ABSTRACT Objective: Sepsis remains a major global health challenge, yet specific diagnostic
biomarkers are still lacking. This study aims to investigate the causal relationship between
B7 homologue 3 (B7-H3) and sepsis susceptibility, severity, and clinical outcomes using
Mendelian randomization (MR) analysis, in order to evaluate its potential as a biomarker.
Methods: Genetic data related to sepsis (including overall sepsis, sepsis-related mortality
with 28 days, severe sepsis, and severe sepsis with 28-day mortality) were extracted from
genome-wide association study (GWAS) datasets. Single nucleotide polymorphisms
(SNPs) associated with B7-H3 were selected as instrumental variables. The inverse-
variance weighted (IVW) was used as the primary approach for causal effect estimation,
while weighted median (WME) and MR-Egger regression served as supplementary
methods. Additionally, a constrained maximum likelihood-model average (cML-MA)
approach was employed to enhance the reliability of causal effect estimation. Cochran’s Q
test was conducted to assess heterogeneity, and MR-PRESSO along with the MR-Egger
intercept method were used to detect horizontal pleiotropy. Sensitivity analyses were
performed using the leave-one-out method. A reverse MR analysis was performed with
sepsis as the exposure and B7-H3 as the outcome to exclude potential reverse causation.
Results: [VW analysis indicated a significant positive causal association between B7-H3
and sepsis susceptibility, severity, and clinical outcomes. A genetically predicted 1-standard
deviation (SD) increase in B7-H3 levels was associated with a 10.4% increased risk of
sepsis (OR=1.104, 95% CI 1.021 to 1.194, P=0.013), a 26.2% increased risk of sepsis-
related 28-day mortality (OR=1.262, 95% CI 1.078 to 1.476, P=0.004), a 22.3% increased
risk of severe sepsis (OR=1.223, 95% CI 1.023 to 1.463, P=0.027), and a 60.2% increased
risk of severe sepsis with 28-day mortality (OR=1.602, 95% CI 1.119 to 2.294, P=0.010).
The causal effect direction remained consistent across [IVW, WME, MR-Egger, and cML-
MA analyses, reinforcing the robustness and reliability of the results. Cochran’s QO test
showed no heterogeneity (P>0.05), while MR-PRESSO and MR-Egger intercept tests
indicated no evidence of horizontal pleiotropy (both P>0.05). The leave-one-out analysis
showed that removing individual SNPs did not significantly alter the causal estimates.
Reverse MR analysis showed no causal association between sepsis and B7-H3.

Conclusion: B7-H3 may serve as an important biomarker for sepsis, as it is closely
associated with sepsis susceptibility, severity, and clinical outcomes.

KEY WORDS B7-H3; sepsis; severe sepsis; Mendelian randomization; biomarker; susceptibility; clinical

outcomes

Jife B S ph i X SR 14 S I R R B 1) S
KA A 02 B DI RERRAT 2 e s e BN A i k4
B FREAR U AP T fH ) — N EEE R . 72201747,
S BRAG AR & A 4 890 T3 5 e R AE A T 100 T3 451 i 1
FEACIET, 5 2017 4F 2 BRT A FET- A EL) 20%") .
SEERUA T 2FBOEY 50 7R s e B 1 FE W
T B 9995 56 5843 5 hy 26% F135%., E T, MEEEIE

A2 WT LR Im R I . SC 50 = A A Sl A W2
RS, SRR rEi2WibR iy, MREEIE AT
X SCRRAYT, AR M 3 T2 . PR gL Fn 4k
Fran B UIRE o T WS W AR ) e R R A AR T
JEROCHE, IR EIRRIE . ATERENAEDIREY) .

B7 [A] 4 3(B7 homolog 3, B7-H3)W# CD276,
SEAPEVE TR A BT G ER A 5L, T 2001 4Ek

©Journal of Central South University (Medical Science). All rights reserved.



1792

MR R (BEAARR ), 2024, 49(11)  hitp:/xbyxb.csu.edu.cn

RI, TR R I A GRS AR ) s
K o, BT-H37EMIE . A B fepiebhycgto
1 & HL AR 82 198 o RFEIE 3.0 2 X
i AL R R S5z 1 % R 55 [ e e A %) 2R A 1) 2ok
ST RGN O, PR e A A AT MR REAE 5
T I BE ARAE BN S e A b AR EAE N . BT-
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-5 BB BB RS RNIG R4S = 25 U AR G

245Nk, KT RPER A A B7-H3 5 HRAEAE K
RS SRR I A3 /D . B7-H3 FEMeREIE H (1) BARAE
FHALH ARG PR T A 5% 0 75 2 — P8R0, Ak,
TSR A 1 Jm BR 1, HAF R 45 R4 5 2 3|
TR R A Il KR A A i s . PR, B7-H3 5
BEAE XU 22 8] A PR R OC R 5 S AR i i e B . o
f# /R BiHL 4L (Mendelian randomization, MR)J&— Ffi &
T4 4 S B 43 BT (genome-wide association study,
GWAS) &l , FI| H HL4% 11 2 22 A5 E (single nucleotide
polymorphisms, SNPs) 1f > T. E. 7% & (instrumental
variables, IVs), H T IR 5C R BB A T 27
D5k, A] e KB M ek 2D Jz i R 2R G 2R IR VA i £
MBSy, RO 75 R T RELAT R,

ABHFFER HDBUREAS MR 43 H1 7 8580 B7-H3 5 fifk
BEAE 1) G S | )RR B I R 4 SR 2 ) ) G BR
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Table 1 GWAS data information

IR R AT AU B R TR
1 AR5 TTE

1.1 #AzRIEIT

AAFFTARHE STROBE-MR 48 #5511, MR 5%
e EEAE 3 MR . DIVs 5282 (B7-H3)ZE UIA ¢,
S8R (MTIE) A OE; 2)IVs Sigm “Rg-45 R
FITRZ4 R Z IG5 3)SNPs H g it Z2 #8120k f i
455 . WANEAT T R MR 3 HT . DAAR 98 e aE 5
B7-H3 Z[Al 2 5 A6 S Il AR SCHK

1.2 ##ERIE

B7-H3 25 [ i H0 M IR A 45 (protein quantitative
trait loci, pQTL)H) GWAS 48 >fe I F 0 [# A Wy ke A%
B 25 %) B M i 4 % W H (UK Biobank Pharma
Proteomics Project, UKB-PPP), ZHLA4fifi FH 3& Tt
A1 Olink 2 5 2 24 I 7 K T 1 610 T3 4741
A3 53 55 54 306 44 S E A YRR E S 55 3K 2 922
FER 14 3K (8t % OGS 2R 1 B7-H3 I 22 Jir
AN BFEAS B R 33 6491,

WREEAE GWAS BB AL AE M B AE A . WRERIE 28 d
BT HAE e AT A HE e 0T 28 d INBE T 4R
4%, PIRVE T IEU Open GWAS $0di e . MK 4 [ R
W5 10 ARVE™, 7 A02. A39. A40 Fll A4l
It 07 VR e TEAE SR, DURRAR AT 58 0 42 B B P
—Htk .

A 255 RO S8, #(8% A 58 7 [
FREErR R T, TRANA GWAS Bl i B 1.

Phenocode Year Gender Total sample size Number of cases GWASID  Population
B7 homolog 3 2023 Male and female 33 649 European
Sepsis 2021 Male and female 486 484 11 643 IEU-b-4980  European
Sepsis (28 days death) 2021 Male and female 486 484 1 896 IEU-b-5086  European
Sepsis (critical care) 2021 Male and female 431 365 1380 IEU-b-4982  European
Sepsis (28 days death in critical care) 2021 Male and female 431 365 347 IEU-b-4981  European

GWAS: Genome-wide association study.

1.3 ZEIVs BYiERE

FA R PEAT RO R , TVs 206 e AH G 1H
M7 MERITC K 28 BRI . B LA P<5x107° i
VESR, TEARREHEAKE ks S BRI R D EAH
ST 5 45 R A AE SE B SNPs 4 K TVsPY; 4 B7-H3 N

FREENT, ATV E ORGSR, Y MR O B
B, ORGSR TCIEW L, L P<5x107° i
SRR R AE (1 TVSRY, SRE, Il E SR G<
0.001, clump_kb=10 000)AHEFRE WA T4 ; (1L
N7 S A7 i PR 3000 P 8] 2 i R 45 SR Bl 4, AHERR
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AI SN B7-H3 5 e B0 Z [ R AT R TR 0 I &=
(AnAES . PERI . BERIPOS S, IRTC5 M. e,
MG IVs A%, WAL FE>10 1 SNPs,, it
A F=SE?, 3XUH B2l SNP ) B2 55 1500 i
SE N B HIARAEDR Y,

1.4 MR 43

% H 36 5 22 Jin A (inverse-variance weighted,
IVWHPE N B e i RGBT 07 1%, A rp i ok
(weighted median, WME). MR-Egger [F] 9 ¥ 4F A %b
FEITE, Bk B7-H3 5 AR A R IR, 4R
Fb{H EE (odds ratio, OR) 1 95% ‘& 15 X [A] (confidence
interval, CHEI. KT 2R i KNSR FIAL Y7
)1 (constrained maximum likelihood-model average,
cML-MA)# — 2L 58I R R SON Ak T T . eML-
MA V] A R AR S FIASAH DG Y 2280800, AN
PR fARS fd i) PR R AW A 27

1.5 SRS

FIH Cochran’s Q 55 1 B7-H3 #H X SNPs X Jif
BEAE A OCHRRIESE A2 i S M . 2 P<0.05 1, A
RAFFE S B, BENLSON AR 500,
SERUSAERY . H] MR-PRESSO H1 MR-Egger # i 12 7

Fx2 IATEFEERER
Table 2 1Vs information table

TR . B — i g T U, Gl AR
MM BEBAAS SNP, T F 4 SNPs )& I8 (., LA
IHAPAL AR SNP X # A& ZE HLA 20

1.6 &IE MR %7

DIMTERE N BRI ZE, B7-H3 N4 )R, #HTRm
MR Z3H1, DAHEBR S 1] R SCHG, M PRIESS S i
fabE

1.7 Geit=abiE

JI A G3 AT AR nT LA I I FH R 4.3 2 B iy
TwoSampleMR £ 588, £ 56 K E 0=0.05, P<0.05 K
RO

24 B

2.1 IVs

P HERR DA - . R A 0 6 DR AN RO ok
J&, 315 174~ SNPs, {ii i} PhenoScanner V2 45 /%
Ak JF KBRS A AF 7E U e TR 2% &K 1Y SNPs
(155714927, 1s4665972. 153132954, 1511721064,
1s4082420), f¢ )55 3] 12 54 25 1 SNPs, MR-
PRESSO £ 56 AR £ B HHE, X4 SNP A fE AR
WL IVS(2).

SNPs Chromosome Position EA OA P B SE F

rs1042704 14 23312594 A G 7.53E-15 0.058 0.007 68.65
rs11072380 15 72974647 C T 1.94E-35 0.102 0.008 162.56
rs112898929 16 88298795 A T 4.54E-10 -0.072 0.012 36.00
15184790191 15 74357818 T C 7.75E-13 -0.191 0.027 50.04
1rs2239651 14 94848547 C T 8.23E-25 -0.072 0.007 105.80
s2291277 15 72195229 C T 1.62E-12 -0.166 0.024 47.84
1rs2837988 21 42619544 A C 8.63E-26 0.068 0.006 128.44
128597091 6 81411032 G T 1.45E-09 0.037 0.006 38.02
1562217923 21 42539293 G C 1.50E-25 0.074 0.007 111.76
1s6763543 3 197766946 A G 1.53E-10 0.047 0.007 45.08
rs74023531 15 74063328 A G 1.00E-200 -0.534 0.015 1267.36
rs8025183 15 73715330 T C 1.00E-200 -0.399 0.010 1592.01

IVs: Instrumental variables; SNPs: Single nucleotide polymorphisms; EA: Effect allele; OA: Other allele; SE: Standard error.

2.2 MROER

IVW (70 7 45 51 7R« B7-H3 5 IR AE (1) 5 8%
PE AR R RS R 22 18] 57 SR 3 11 1 1] P
O, e 1 B7-H3 /KT 5 0 5 A e &
ARG MEEEAE 28 d NAET XK . HEE IR I & R

DA Ko 2 A TRE e i H. 28 d N B AE T XU i 35 AH
Ko HARMIT, st W B7-H3 ARG M1 AR
WE 2%, R A M B E 19 ALK 35 0 10.4%(OR=1.104,
95% CI 1.021~1.194, P=0.013), JME#EAE 28 d NAET:
A4 XURS: 18 I 26.2%(OR=1.262, 95% CI 1.078~1.476,
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P=0.004), &A= B 5E MR AE (19 XU 3G A0 22.3%(OR=
1.223, 95% CI 1.023~1.463, P=0.027), Kk hE Mk
BOAE H 28 d N AE T 1Y KU 35 i 60.2%(OR=1.602,

95% CI 1.119~2.294, P=0.010; &l 1), IVW, WME,

MR-Egger Fl1 cML-MA 3X 4 F1 4341 77 1 R 24 T 1)
—3(K2), LWk T A5 AR g AT S

Exposure Outcome Number of SNPs  Methods OR (95% CI) P

B7-H3 Sepsis 12 VW 1.104(1.021 to 1.194) = 0.013
Sepsis 12 MR-Egger 1.092(0.978 to 1.220) -- 0.149
Sepsis 12 WME  1.148(1.041 to 1.265) = 0.005
Sepsis 12 cML-MA 1.099(1.015 to 1.191) - 0.020

B7-H3 Sepsis (28 days death) 12 VW 1.262(1.078 to 1.476) == 0.004
Sepsis (28 days death) 12 MR-Egger 1.256(1.006 to 1.569) '-— 0.072
Sepsis (28 days death) 12 WME  1.103(0.870 to 1.397) —=— 0.419
Sepsis (28 days death) 12 cML-MA 1.250(1.044 to 1.496) -— 0.015

B7-H3 Sepsis (critical care) 12 VW 1.223(1.023 to 1.463) = 0.027
Sepsis (critical care) 12 MR-Egger 1.285(1.009 to 1.636) ‘—-— 0.070
Sepsis (critical care) 12 WME 1.243(1.000 to 1.544) r=— 0.050
Sepsis (critical care) 12 cML-MA 1.233(1.025 to 1.482) ‘-- 0.026

B7-H3 Sepsis (28 days death in critical care) 12 Ivw 1.602(1.119 to 2.294) —'— 0.010
Sepsis (28 days death in critical care) 12 MR-Egger 1.851(1.140 to 3.004) ,—=—— 0.032
Sepsis (28 days death in critical care) 12 WME  1.731(1.136 to 2.638) :—'— 0.011
Sepsis (28 days death in critical care) 12 cML-MA 1.627(1.124 to 2.356) ,—=—— 0.010

1 2 3

Protective factor Risk factor

El1 RFEMBT-H3)E5REERERKEEZ B XK MR 514 RRWE

Figure 1 Forest map of MR analysis results on the association between exposure (B7-H3) and sepsis of different severity
levels

B7-H3: B7 homolog 3; SNPs: Single nucleotide polymorphisms; [IVW: Inverse-variance weighted; MR: Mendelian randomization;
WME: Weighted median; cML-MA: Constrained maximum likelihood-model average; OR: Odds ratio; CI: Confidence interval.

cML-MA o 03F cML-MA
7/ IVW x 7/ IVW
= MR-Egger & 2 I MR-Egger
2 o 7 WME 25 02f 7 WME
22 =
gl CEN o
O g q .
£ £% 0 I
Z Z > |
wn 95} _g .
_0.05 1 1 1 1 1 a 1 1 1 1 1
0.1 02 03 04 05 01 02 03 04 05
SNPs effect on exposure A SNPs effect on exposure B
cML-MA = cML-MA
g 021 7 IVW SE  04f 7/ IVW
oY MR-Egger %z MR-Egger
E 2B 7 WME ) 7 WME
2] @ g E 0.2
g3 =g
8= 5= 0
=R @ g 13
o X =R~ !
P S ©
o= ==
zg -01f 25 -02r
= 5 E
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2 RRSTESERENREEZ BXEKH MR S TSRS E

Figure 2 Scatter plot of MR analysis results on the association between exposure and sepsis of different severity levels

A: Effect of B7-H3 on sepsis; B: Effect of B7-H3 on sepsis (28 days death); C: Effect of B7-H3 on sepsis (critical care); D: Effect of
B7-H3 on sepsis (28 days death in critical care). B7-H3: B7 homolog 3; MR: Mendelian randomization; SNPs: Single nucleotide
polymorphisms; cML-MA: Constrained maximum likelihood-model average; IVW: Inverse-variance weighted; WME: Weighted

median.
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Cochran’s Q £ 35 o Ao W 2] 25 S (%) 5 o1 1k (P>

0.05), MR-PRESSO Fll MR-Egger #§ i 2 14 4 7 45

AR AE AT 2R3 P>0.05, #£3), B —1%
5 26 245 2R .75 S BR B0 SNP J Y DR OBl THEL S

K3 HRAUSNER

Table 3 Results of sensitivity analysis

RGBSR CHRAG T HEA T (81 3)

24 REMROTER

IVW B A4S R 7R - AN [a] 7 H A B2 R R A

B7-H3 Z [ ¥AAFAE R R R (3 P>0.05, K 4).

Exposure Outcomes P* Intercept Pt Pi

B7-H3 Sepsis 0.097 0.785 0.224
B7-H3 Sepsis (28 days death) 0.383 0.958 0.362
B7-H3 Sepsis (critical care) 0.994 0.569 0.994
B7-H3 Sepsis (28 days death in critical care) 0.999 0.405 0.998

*Cochran’s Q test to assess heterogeneity; + MR-Egger to assess horizontal pleiotropy; i Global test of MR-PRESSO to assess

horizontal pleiotropy. B7-H3: B7 homolog 3; MR: Mendelian randomization.
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3 B—EHRUSTER
Figure 3 Results of leave-one-out sensitivity analysis
MR: Mendelian randomization; B7-H3: B7 homolog 3.
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Table 4 Reverse MR analysis results

Exposure Outcomes Method SNPs OR 95% CI P

Sepsis B7-H3 IVW 13 0.997 0.947 to 1.050 0.906
Sepsis (28 days death) B7-H3 1A% 11 1.000 0.977 to 1.024 0.972
Sepsis (critical care) B7-H3 IVW 6 1.005 0.980 to 1.031 0.710
Sepsis (28 days death in critical care) B7-H3 Ivw 7 1.005 0.994 to 1.017 0.377

B7-H3: B7 homolog 3; MR: Mendelian randomization; SNPs: Single nucleotide polymorphisms; OR: Odds ratio; CI: Confidence

interval.
34T it

AR FHATF &1 GWAS Bdi, 183 MR 4>
Wik, ARG T B7-H3 5 M AE i 5 &k . ™
R GRS, J 2 (R A PR SR OCHk . iF9E 26 B B7-H3
A RE R MEEIE I BB AE AR AR . BRI S, B
(1) B7-H3 7K~V 55 T S MR REAE A A2 XURS: . e 28 d
PIBET XU . B R B & A AU A FE e 30 HL
28 d I AET KU S 38 AH G o SRR 43 BT AT cML-MA
G0 45 SR AE— 25 BIE T 3k B 2 5L (A R A A T S
REAEAFZE 5,5 Al i /s IR BEAE B I3 T B7-H3 5%
ik SR S VIR G

B7-H3 BRI T A T 19 S g2 R AR, 8
AT A S R G g ) SR8, 2 1 i SR A2 4 i/
W 24 RTINS I A4 v 194 £ 98 12 400 i DXL s e TR
TR = AR KAV RN, IR H AMGIA b sB7-H3 38 #
b TR, T AR F8 3 1 31 sB7-H3 7K P i
FETbE, HMREAESLT B MK sB7-H3 KF-IH i &
FEfr4 . AL Mi(lipopolysaccharide, LPS). Mg
RFE K T a(tumor necrosis factor-a, TNF-a) FI T4 y
SR B B T N SRR AR, S HEARIAR L, H
% 20 M R R B 1Y sB7-H3M i — 2 i gE R
20 T B 2R 1 (Toll FESZ 44 2 3l 77)) R LPS(Toll #5214 4
BRI A% F-«B S, B7-H3 AL i 1 X —
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