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Highlights:

(1) From a genetic perspective, this study investigated the relationships between inflammatory
proteins and hypertrophic scars and keloids using two-sample bidirectional Mendelian
randomization analysis.

(2) This study identified 8 inflammatory proteins causally associated with hypertrophic scars and 5
with keloids, revealing the specificity and complexity of inflammatory regulatory mechanisms
in these two pathological scars.

(3) Key inflammatory protein targets were pinpointed, providing genetic evidence for the precise

prevention and treatment of pathological scars.
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Bidirectional two-sample MR analysis of causal relationships between human inflammatory
proteins and HS and keloids
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[ Abstract] Objective To explore the causal relationships between human inflammatory
proteins and hypertrophic scars (HS) and keloids. Methods This study was conducted based on
bidirectional two-sample Mendelian randomization (MR) analysis. Data of human inflammatory
proteins, HS, and keloids were acquired from genome-wide association study database. The inverse
variance weighted (IVW) method was adopted to evaluate the causal relationships between 91 kinds
of human inflammatory proteins and HS and keloids, i. e, forward MR analysis. For the above
associations, Cochran's Q test was used to assess heterogeneity, MR-Egger regression and
MR-PRESSO outlier tests were performed to evaluate horizontal pleiotropy, and the leave-one-out
method was applied to analyze the robustness of the results. The IVW method was also used to
evaluate whether there was a reverse causal relationship between HS, keloids and inflammatory
proteins screened out by aforementioned forward MR analysis. Results CD6, leukemia inhibitory
factor (LIF), tumor necrosis factor ligand superfamily member 12 (TNFSF12), programmed
death-ligand 1 (PD-L1), interleukin-17C (IL-17C), LIF receptor (LIFR), osteoprotegerin (OPG), and
fibroblast growth factor 23 (FGF23) had significant causal relationships with HS (with ORs of 1.365,
0.506, 1.567, 1.683, 0.621, 1.375, 0.623, and 0.553, respectively, 95%CIs of 1.100-1.693, 0.289 -
0.887, 1.081 - 2.273, 1.090 - 2.599, 0.408 - 0.947, 1.025 - 1.845, 0.402 - 0.966, and 0.315-0.971,
respectively, P<0.05). Among them, CD6, TNFSF12, PD-L1, and LIFR were risk factors for HS, while
LIF, IL-17C, OPG, and FGF23 were protective factors for HS. CD5, IL-10 receptor subunit alpha
(IL-10RA), IL-5, LIF, and OPG had significant causal relationships with keloids (with ORs of 0.744,
1.303, 0.686, 0.603, and 0.715, respectively, 95%CIs of 0.573 -0.965, 1.024 - 1.660, 0.472 -0.996,
0.431-0.842, and 0.553 -0.924, respectively, P<0.05). Among them, IL-10RA was a risk factor for
keloids, whereas CD5, IL-5, LIF, and OPG were protective factors for keloids. No significant
heterogeneity or horizontal pleiotropy was observed in the above associations (P>0.05), and the
robustness of the results was not driven by any single nucleotide polymorphism. Significant reverse
causal relationships existed between HS and TNFSF12 and LIFR of the 8 inflammatory proteins
screened out by aforementioned forward MR analysis (with ORs of 0.972 and 0.968, respectively,
95%ClIs of 0.949-0.997 and 0.942-0.994, respectively, P<0.05). No reverse causal relationship was
found between keloids and the 5 inflammatory proteins screened out by aforementioned forward
MR analysis (P>0.05). Conclusions CD6, TNFSF12, PD-L1, and LIFR may increase the risk of HS,
while OPG and FGF23 may decrease the risk of HS. IL-10RA may increase the risk of keloids, while
CD5, IL-5, LIF, and OPG may decrease the risk of keloids.

[ Key words ] Keloid; Mendelian randomization analysis; Hypertrophic scar;
Inflammatory protein; Bidirectional two-sample analysis

Fund program: Henan Provincial Medical Science and Technology Research Initiative Joint
Construction Project (LHGJ20191002, LHGJ20220809); Zhengzhou City Guidance Program for
Scientific and Technological Innovation in the Medical and Health Field (2025YLZDJH086); National
Construction Program for Key Clinical Specialties (No. 2023-70)



At S50 15 E 24 1 2026 457 A48 42 545 7] Chin J Burns Wounds, July 2026, Vol. 42, No. 7 <3

A PR IR VR IR Y2 9 = o S ) T AT
AL R PR TR , A% OV RRAIE O B T £ A it AR
Fb S A 2800 B A TR L HTE R
BT H B AT Z iR Jm & SRR K E
MELLEATIHIR® . X RPN AN e M A (B 5 &
BORAY KT T RESZ PRAE () R, 7 E R e AR O
fa e

VFZ W50 R W], RAGEFE E 5 IR B % U A
SR SRR 2 A R IR g w40 1 A LR,
B TR @A A f2 70 80T @A AR AT B B,
S AE 4 JfL R 1 % A 4 RT RE S BURE 1Y S B
8 BT R IL-6 . 1L-8 %5 £ Fh 4N R (A 1
NRIRIRIZ 75 A A i 338 W3 T e, RV 7 8
FAME LY TL-8 (Y FIA KA HE e A R 765
WS UE S, C-X-C K P Ak A 12,
IL-17 %5 S RE 4 1 AT S RTE

RECHEZ IR RAEE B 5 BIRE )
ZBIAFAE A O (B G Y by 2 TR 2%
PRI, ME LI B s LR OC R o d R BELE
(Mendelian randomization, MR ) J5 1 H] FH 15 A& A%
1% 2 251 (single nucleotide polymorphism , SNP )4 A
T H AR R W R 8RR 5 45 R Z )Y AR O
FI WA IR A R R R ) R R e e, AL GE Y
HAMBEIHE . ARFTER A MR J5 12, 43 BT 4 4E
S8 AR ERR BRIZE Z R PRRC &L L
199 Ry 3% 2 s B IR 1) A R 1R 45 AL T A 1
LA

1 #ABEFE

AR IR a] RUEEZR MR 4341 9 IF 5 rh fift FH 4 Jr
A B AR Ok B 4 S 4 9 B 53 BT (genome-wide
association study , GWAS) F 4 2~ FF B 48 , R 1k
AN B A M A B o Bl RN R TR
L1 BBt

P JAEE I N B EE R PR AR RIR S
IR IZ IENE M S5, N GW AS B4 122 vh i 1% SNP Jf:
W HAE R T RAZ &, JE 4T 1E W SUFEAS MR 43 0T . A7
R THAS R 2 LA T 34> MR 23 B B9 A% O IR
(1) IR AR B, B 5 T2 A & 5 B2 R KL 3R 2 [
FETERR I AR 5C 5 (2) ph Sz PR Bk, BB TR
ST TR N R 5 (3) HRb AR, B R T A AR
it HURE I AR 68 R 3 X 45 R R s A,
TH B3 52w R 2R DG 2Rt SR 9 T4 , oK 22 8 PR R Nl Jm)

L, PEAT R A RUREAR MR 4381 o 138 A T A A 0
fBRBE G A DL IA 1.

@x @x

TR EA| O [Formn |, [ O [

TAAE (g@g)‘_’ LRI T ¢ SRS
'y (45 )R8 i) T AAR &
@x 4
®x

N RRAPTE R B A R AR X BRI R AP
D HERR ; D278 Ik R, RIMB i T A AR 1 5 5
PR 28 22 ) A 7 R T F) B R OG5 @R m i PR AR i, B R s
TR By TR AR 3R @Fn b R, RIBGR T
AR F R o R 5 D 3R X 46 R 7 A R e

B ASAESE 58 A R M TR IZ 8 2 IR G 7
PR L[] U AS o A R AL P 0 B 9 A A ST R 23 B J
]
Figure 1
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Core hypotheses and analytical workflow of
two-sample bidirectional Mendelian randomization analysis
for causal relationships between inflammatory proteins and

hypertrophic scars and keloids
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Table 1 Eight human inflammatory proteins showing
significant causal relationships with hypertrophic scars

in the inverse variance weighted analysis
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I 40 1 PR 52 A 11 1.375 1.025~1.845 0.034
HRPEN 15 0.623  0.402~0.966 0.034
FPESET IR 1 12 1.683  1.090~2.599 0.019
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Table 2 Results of heterogeneity and horizontal pleiotropy analyses of SNPs associated with 8 human inflammatory proteins that

have significant causal relationships with hypertrophic scars
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Figure 2 The reliability of SNPs showing significant causal relationships between 8 human inflammatory proteins and hypertrophic scars assessed

by the leave-one-out analysis
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Table 3 Inverse variance weighted analysis of reverse

causal relationships between hypertrophic scars

and 8 human inflammatory proteins
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Table 5 Potential causal relationships between three
inflammatory proteins and keloids identified by

supplementary two-sample MR analysis methods

RAEE SNP(4>)  OR 95%CI PE
CD6 13 0.989 0.965~1.014 0.391
FRET A M A R 23 13 0.995 0.970~1.021 0.713
A2 -17C 13 0.998 0.971~1.026 0.892
P10 ) 13 0.983 0.949~1.017 0.327
P I ) PR 52 44 13 0.968 0.942~0.994 0.016
HRIPEN 13 0.998 0.974~1.021 0.842
FRIP AT A 1 13 1.013  0.982~1.044 0.419
J¥r g8 SR HE PR T 4
13 0.972  0.949~0.997 0.026
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Table 4 Five human inflammatory proteins showing
significant causal relationships with keloids in the

inverse variance weighted analysis

RIEFE SNPEL(4)  OR 95%CI P
CD5 22 0.744  0.573~0.965 0.026

FANA A 2 -10 5214
10 1303 1.024~1.660 0.032

o P

M4 % -5 11 0.686 0.472~0.996 0.048
P L #90 a) PAL 12 0.603 0.431~0.842 0.003
BAE N 21 0.715  0.553~0.924 0.010
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TAS R 7 Kk
CD5 22 0.679  0.467~0.986  0.042
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Table 6 Results of heterogeneity and horizontal pleiotropy analyses of SNPs associated with 5 human inflammatory proteins that

have significant causal relationships with keloids

R SNPELA) Cochran Q ¥556: MR-Egger [B] 915 MR-PRESSO 5 FE(E A I6
QfH PiH i PAH RSSobs Pl
CD5 22 15.487 0.798 0.018 0.626 16.842 0.826
FIAEA 2 -10 521K o T3 10 8.551 0.480 0.044 0.185 14.737 0.469
A% -5 11 11.178 0.344 -0.017 0.713 13.570 0.363
11 s 400 ) PR 5 12 6.504 0.838 -0.020 0.608 7.321 0.864
HE G 21 24.469 0.223 0.038 0.260 26.167 0.305
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Figure 3 The reliability of SNPs showing significant causal relationships between 5 human inflammatory proteins and keloids assessed by the

leave-one-out analysis
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Table 7 Inverse variance weighted analysis of reverse
causal relationships between keloids and 5 human

inflammatory proteins

RIEFE SNPEL(A~)  OR 95%CI PA&
ch5 23 0.988  0.969~1.008 0.245
H A 25 -10 52 14

23 0.994 0.972~1.017 0.593

o P
MM 2 -5 23 1.016  0.993~1.039 0.171
P o s 10 o PR 23 1.006  0.979~1.033  0.664
BRTER 23 0.995 0.975~1.015 0.638
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