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Abstract

Objective: To investigate the expression profile of C1s, a key enzyme of the classical complement
pathway, in the serum of patients with acute coronary syndrome (ACS) and its correlation with the
severity of coronary artery lesions and myocardial injury. Methods: This cross-sectional study con-
secutively enrolled 264 patients who underwent coronary angiography for chest pain. They were
divided into several groups: acute myocardial infarction (AMI, n = 85), unstable angina (UA, n = 61),
stable angina pectoris (SAP, n = 35), angina with non-obstructive coronary arteries (ANOCA, n = 35),
and a healthy control group (n = 48). Serum C1s levels were measured by ELISA. Clinical data, coro-
nary angiography results (Gensini score, number of diseased vessels), and cardiac troponin I (cTnl)
were collected. Results: The median serum C1s level in the AMI group was 986.5 ng/mL, which was
significantly higher than that in the UA group (245.2 ng/mL), SAP group (257.0 ng/mL), ANOCA group
(210.2 ng/mL), and the control group (147.9 ng/mL) (P < 0.001). C1s levels showed an increasing
trend with a higher number of diseased vessels. Furthermore, C1s levels were positively correlated
with the Gensini score (r = 0.32, P < 0.001) and cTnl levels (r = 0.44, P < 0.001). ROC curve analysis
showed that the area under the curve (AUC) for C1s in distinguishing AMI was 0.78, which was su-
perior to that of high-sensitivity C-reactive protein (hs-CRP, AUC = 0.68). Multivariate logistic re-
gression analysis revealed that after adjusting for traditional risk factors, each 100 ng/mL increase
in C1s level was associated with a 75% and 87% increased risk of UA and AM]I, respectively (P <
0.001). Conclusion: Complement C1s is specifically and significantly elevated in ACS, particularly in
AM], and shows a moderate correlation with the anatomical burden of coronary artery lesions and
the extent of myocardial injury. C1s is a potential biomarker for auxiliary diagnosis and risk assess-
ment of ACS, outperforming hs-CRP.
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Table 1. Comparison of baseline characteristics among the five groups
= 1. DAMRITRELIHELLE

BE AMI 4 UA 4 SAP 4 ANOCA #4 X R P B
(n=85) (n=61) (n=35) (n=35) (n=48) (5 )
UNSE:Ran
T, & 60.0 (54.0~74.0) 67.0 (61.0~73.0) 65.0 (56.0~73.0) 63.0 (56.0~70.0) 60.0 (53.5~70.8)  0.084
Al (Bik) 64/21 47114 20/15 16/19 27121 0.003
BMI, kg/m? 254 (235~27.8) 24.2(22.3~26.6) 24.7 (23.3~27.5) 25.8(23.0~26.9) 23.4(22.0~23.9) <0.001
IIIKESEA SIS
FIILE, n (%) 52 (61.2) 38 (62.3) 21 (60.0) 16 (45.7) 16 (33.3) 0.010
PEERI, n (%) 34 (40.0) 22 (36.1) 9 (25.7) 6 (17.1) 7 (14.6) 0.008
AR, n (%) 52 (61.2) 38 (62.3) 21 (60.0) 16 (45.7) 12 (25.0) <0.001
PRI, N (%) 34 (40.0) 22 (36.1) 9(25.7) 6 (17.1) 2(4.2) <0.001
RS IG %E F b
Hb, g/L 142 (126~155) 137 (125~148) 136 (128~148) 127 (117~147) 147(133~158)  0.001
WBC, 10%L  9.37 (7.20~11.68) 6.01 (4.75~7.11) 5.39 (4.75~6.93) 5.68 (4.24~6.85) 6.02 (5.37~7.57) <0.001
PLT, 10%L 193 (151~251)  165(139~217) 182 (135~215) 185(143~225) 221 (188~271)  <0.001
ALT, U/L 33 (20~56) 19 (14~28) 28 (15~40) 21 (15~32) 26 (15~31) <0.001
AST, U/L 54 (28~161) 21 (17~25) 26 (19~40) 23 (20~30) 21 (17~28) <0.001
TC, mmol/L  4.62 (3.72~5.19) 3.67 (2.89~4.36) 3.82 (3.20~4.81) 3.78 (3.24~4.40) 4.74 (4.42~5.28) <0.001
TG, mmol/L  1.69 (1.31~2.17) 1.29 (0.95~1.83) 1.40 (1.04~2.04) 1.19 (0.96~1.84) 1.34 (1.01~1.66)  0.002
HDL, mmol/L  1.03 (0.88~1.21) 1.08 (0.87~1.21) 1.04 (0.88~1.22) 1.18 (1.05~1.28) 1.36 (1.20~1.53) <0.001
LDL, mmol/L  2.88 (2.36~3.53) 2.21 (1.67~2.93) 2.39 (1.99~2.98) 2.41 (1.88~2.72) 2.92 (2.48~3.29) <0.001

3.2. & Cls K FEAFIRKREFHER

M3 Cds /K FE FLAL A A AE M I8 25 25 5P < 0.0001) » 11 2 fiTa, AMI 41 Cls /KPR A B ek 986.5
ng/mL, RXTRRALR 6.7 %, W3E & T HAMPTE 40 (P ELEL P $<0.0001). UA 41, SAP 4. ANOCA
H G 2 ] Cls AKF T2 3 2 5 (K 1),
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Table 2. Comparison of C1s Levels in AMI Group, UA Group, SAP Group, ANOCA Group, and Control Group
F 2. AMI4H. UAH, SAP‘H., ANOCA AR t8B4R Cls 7K FLLER

ZH %L M (P25, P75)
AMI 4 85 986.5 (328.7~2720.6)
UA 4H 61 245.2 (129.4~380.2)
SAP 4 35 257.0 (96.1~438.5)
ANOCA 4 35 210.2 (104.3~490.8)
xR 48 147.9 (89.6~247.2)
P1{E <0.0001
##34P<() 0001
K %k %k %k
% %k %k %k
%k %k %k %
8000 —
% %k %k %k
6000 —
4000
=)
£ 2000 -
en
£ 1200
5 1000
800—
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Figure 1. Comparison of serum C1s levels among different angina clinical phenotype groups
B 1. FERWOEREIRRFRELAME Cls K FELE

3.3. RIEAZASLEHRBILERA Cls KFRILER

ZRERHBIZH(AMI, UA, SAP, ANOCA) N #i3E 4L FHZ) Sh nT ReAFAE 22 7, it — DI IEAS [R] I PR R B
[f] Cls /K-FH 2 o S ASL T HZ 5, SR W7 250 T (ANCOVA) ZE T Bl 20 A EAT R IE 20 #r . RIER R
BFEFEEE . R BMIL AR J 5k 3 WA TR 25925 7 (ACEI/ARB/ARNI. B 32 AARBR 77 4538
TERRA S VTR, Ui /MRZGY) . HEREESE . B8 51,

GEREIR, FERME—XT Cls /KA B ML 1AL & (F = 5.482, P =0.020, fi #?=0.027),
PERBEFRIE K CLs /KPRl e Tt m . HAh bR &, G M HI(P =0.263). BMI (P =0.413). Wi 5 (P =0.652)
K230 (3 P > 0.05), R EMILFLM, RIFIXLER ZAT CLs fI4H R Z 5 oTmk A R -

KIEJG %4 Cls KA A7A/E &3 2 7 (F=11.280, P<0.001, 1 #2=0.144). HH:rh AMI AR IEJ5 Cls
AP EZE ST A =41, H=4" Cls KFKIH L E & Z R P >0.05),

FBREE K, ERTRIERREEOUHEHZ R)E, Cls K FRIRE Ik Z R KA RE, Bl
SEF LY, B BESE T Cls 5 ACS ™ E AR ) Fadd SR
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Table 3. Baseline medication history and adjusted serum C1s levels among patient groups
2 3. RBIEELZAALRIRIEAAERIE Cls KFEMELER

A B AMI 4 UAHA SAP 4 ANOCA 4 P
(n =85) (n=61) (n=35) (n=35)
FELEHZI L, n (%)

ACEI/ARB/ARNI 48 (56.5) 38 (62.3) 15 (42.9) 14 (40.0) 0.096
B SAR TR 67 (78.8) 37 (60.7) 17 (48.6) 11 (31.4) <0.001
4% 368 T OEL i 71 18 (21.2) 21 (34.4) 9 (25.7) 11 (31.4) 0.319

T 25254 83 (97.6) 60 (98.4) 31 (88.6) 21 (60.0) <0.001
B MR 25 84 (98.8) 59 (96.7) 31 (88.6) 17 (48.6) <0.001
VELALEES 15 (17.6) 7 (11.5) 3(8.6) 2 (5.7) 0.252
ey o IRy 36 (42.4) 20 (32.8) 9 (25.7) 6 (17.1) 0.042
1% Cls /KF(ng/mL)
BRIERT Clst (328.?3%?20.6) (129.2:~5é§o.2) (96.i5~31.3?8.5) (104%9;1290.8) <0.001"
KIEJG Clsii 1546.3 581.9 407.1 495.8 <0.00Lii
(#1E[95% Cl]) [1281.4~1811.3]  [277.3~886.6] [21.5~792.8] [21.7~969.9]
5 AMI A L6 P 1 i Z18 <0.001 <0.001 <0.001

vE: HAILBCR A 2 RIS ER Fisher FERARE IS (FH TH 25 50); i Pzl A hrla )R i SRA Kruskal-Wallis H
06 AR IERIZ: SRS MR BMIL WO 2 AR TR A H T 25902855 i ANCOVA R RLEEARRG IS ; i SR F
Bonferroni y4#E47 £ H LA IE.

3.4. Cls K 5B RN pkim ™ EFRZERIIE X1

X} 181 76 Lo (AMI + UA + SAP) B 35 42 Ui A2 1 48 S B3k AT 7028, T 0 N30 AR 41 (n = 63) XL
AR (n = 68) M 2 3R (n = 50), W 2(A)FaR, Cls 7K FREE AR ML SCH8 i T . B A
Cls 7K T ZAR T WA ZH (P = 0.027) R 22 S0 AR 4H (P = 0.001) . T AE XS R AR AN 22 S0 A 4H v |],  Cls
P& LB 2 22 5 (P = 0.605). b4, Cls /K5 Gensini 174> 23&E IEMIS(r = 0.32, P < 0.001) (4] 2(B)).

##+p<0,001
A
* % B
\
8000 _
. 8000
1
7000
=0.32
5000 6000 . .o P<0.001
3
= E °
£ 5000 - ®
£ 3000 B 4000 P
. .

o % ‘. ° ‘.

2000 S .

2000
1000
______________________ . °
o ememeseeee  @QEENTENEED) b o ...w:.':': .-fl ° I. e |
8% W ES 0 50 100 150 200

Gensiniif4s

T (A) ANFEIRASCEAHN Cls AKP/MEER; (B) Cls /K5 Gensini W LS R AL, P <0.05, P <
0.01, ***P <0.001.

Figure 2. Correlation between serum C1s levels and severity of coronary artery disease

2. & Cls /KF SR BBkim L™ EFRE AR K 1
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3.5. C1s IKE 5L AR R04E < 1

Bl 3 s, A GI(AMI + UA + SAP + ANOCA)HI(n = 216), Cls /KT 5.0 Ltk &4
cTnl S IEMSE(r = 0.44, P < 0.001). 7£ AMI Zi(n = 85)H1, Cls /K5 LAGikR E4 cTnl 75 2 IEA % (r
=0.37,P <0.001). Mi7EIE AMI Z(n = 131), P IAA W SAH .

8000 =0.44 8000 =037 5000 =0.03
P<0.001 P<0.001 P=0.707
6000—fe 4000
/_‘; /;E\ Ll ‘ ,__IE\
z 3 e < 3000
= < £
i i i
B & & 2000
%) L" %)
S o 1)
1000
L]
L * .
1 Y T T T 1
0 30 60 90 120 0 30 60 90 120 0 5 10 15 20
cTnliRE (ng/mL) cTnl;KE (ng/mL) cTnliRE (ng/mL)
A B c

Figure 3. Correlation between serum C1s levels and cardiac troponin | (cTnl)
[ 3. C1s K5 LA SR R E4IAN $5 58 B RHE K1

3.6. C1s MR M OAESE RIS EIIHE

D PEAl A MA S R S IUBEZE (AMI) 2 T 0 48, 76 BT B i Bl 2H.(n = 216) 1 idE AT 1 ROC & 417
HLLCAUVLES 2 [ 1 (cTnl) A C [N F (hs-CRP)E NS IR . et kI 4 Fios, RS Ehrik
cTnl HIZ W& AE(AUC = 0.98, 95% ClI: 0.97~1.00), Ifii Cls K45 AMI (553E AMI AHEELE) I AUC
A 0.78 (95% CI: 0.72~0.85), 1t T4 4t 4 AEbR &4 hs-CRP i AUC {(0.68, 95% CI: 0.61~0.76). 24 Cls £
R A 451.6 ng/mL B, s REUE N 71.8%, F55 5N 78.6%.
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Figure 4. ROC curves of serum C1s, cTnl, and hs-CRP in differentiating acute myocardial infarction
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Bty 50k 1.75 F1 1.87. Cls /K°F-5 SAP fil ANOCA (B th B A Giit 275 3, {HoChBRiR 455 .
Table 4. Multivariate logistic regression analysis of the association between serum C1s level (per 100 ng/mL increase) and

different angina clinical phenotype groups
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