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Background: Complement component 5a (C5a) is a highly potent anaphylatoxin with 
a variety of pro-inflammatory effects. C5a contributes to progression of atherosclerosis and 
inhibition of the receptor (C5aR) might offer a therapeutic strategy in this regard. Single 
nucleotide polymorphisms (SNPs) of the C5 gene may modify protein expression levels and 
therefore function of C5a and C5aR. This study aimed to examine associations between 
clinically relevant C5a SNPs and the prognosis of patients with symptomatic coronary artery 
disease (CAD). Furthermore, we sought to investigate the influence of C5 SNPs on C5aR 
platelet surface expression and circulating C5a levels.
Methods: C5 variants (rs25681, rs17611, rs17216529, rs12237774, rs41258306, and 
rs10985126) were analyzed in a consecutive cohort of 833 patients suffering from sympto-
matic coronary artery disease (CAD). Circulating C5a levels were determined in 116 patients 
whereas C5aR platelet surface expression was measured in 473 CAD patients. Endpoints 
included all-cause mortality, myocardial infarction (MI), and ischemic stroke (IS). 
Homozygous carriers (HC) of the minor allele (rs10985126) showed significantly higher all- 
cause mortality than major allele carriers. While we could not find significant associations 
between rs10985126 allele frequency and C5aR platelet surfazl ce expression, significantly 
elevated levels of circulating C5a were found in HC of the minor allele of the respective 
genotype. rs17216529 allele frequency correlated with the composite combined endpoint and 
bleeding events. However, since the number of HC of the minor allele of this genotype was 
low, we cannot draw a robust conclusion about the observed associations.
Conclusion: In this study, we provide evidence for the prognostic relevance of rs10985126 
in CAD patients. C5 rs10985126 may serve as a prognostic biomarker for risk stratification 
in high-risk CAD patients and consequently promote tailored therapies.
Keywords: coronary artery disease, SNPs, complement C5, prognostic factors

Introduction
The complement system is part of the innate immunity and represents a first defense 
line against microbial pathogens.1 Consequently, complement components are 
critically involved in infectious (eg, meningitis) and autoimmune disease (eg, 
systemic lupus erythematosus).2 This system consists of over 20 proteins and 
may eliminate cells by forming a membrane attack complex in order to induce 
cytolysis or by opsonization for macrophages.3 Furthermore, complement compo-
nent 5a (C5a), a cleavage product of C5, is a highly potent anaphylatoxin and 
possesses a variety of pro-inflammatory effects, facilitating chemotaxis of 
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leukocytes,4 vasodilatation,5 vascular permeability6 and 
the release of histamine by mast cells.7 As inflammation 
contributes to the pathogenesis of atherosclerosis,8 several 
studies suggest C5a to be a promoter of atherosclerosis. 
CD88 (C5aR) is highly present in aortas of ApoE−/- mice, 
coinciding with atherosclerotic lesion development and 
inhibition of C5aR reduces lesion size.9 Moreover, in 
human coronary artery lesions, a higher expression of 
C5a was found in lipid-rich inflammatory plaques with 
cholesterol clefts and necrotic cells, while lower C5a 
expression was found in stable plaques.10 The complement 
system might be activated by cholesterol crystals (CC) in 
plaques, leading to the release of cytokines in whole 
blood, including TNFα and IL-1β.11,12 Consequently, 
TNFα mediates endothelial cell activation, which is essen-
tial for inflammatory cell recruitment to the lesion site.13 

Since CC-induced cytokine production is reduced after 
inhibiting C5aR in whole blood, C5a may represent 
a key player in this process.11 Plaque rupture represents 
a serious complication in atherosclerotic vessels leading to 
eg, myocardial or cerebral infarction. C5 induced smooth 
muscle and endothelial cell degradation via apoptosis may 
be associated with atherosclerotic plaque disruption.14 In 
lipid-rich plaques, a co-localization of C5a and matrix 
metalloproteinases (MMPs) has been demonstrated. C5a 
induces the release of MMPs in vitro which might be of 
importance since MMPs contribute to plaque rupture.10

C5aR blockage may serve a therapeutic purpose to inhibit 
progress of atherosclerosis.9 Furthermore, circulating C5a 
correlates with future risk for adverse cardiovascular events 
in patients with advanced atherosclerosis.15 C5aR platelet 
surface exposure levels are elevated in patients suffering 
from coronary artery disease (CAD) when compared to 
healthy controls.16 Platelet C5aR is associated with platelet 
activation levels.16 C5 single nucleotide polymorphisms 
(SNPs) on chromosome 9q34.117 may alter protein expres-
sion levels and therefore function of C5a and eventually also 
C5aR. SNPs of the C5 gene have previously been investi-
gated regarding a possible influence on common and/or 
inflammatory diseases. rs17611 has already been reported 
to be associated with cardiovascular outcome in patients 
with asymptomatic carotid atherosclerosis,18 as well as 
ischemic stroke19 or diabetic retinopathy.20 Furthermore, 
rs25681 and rs17611 are associated with the outcome of 
renal allografts.21 In diabetic retinopathy and renal allografts, 
rs10985126 and rs12237774 however failed to yield signifi-
cant results.20,21 In addition, rs25681, rs17611, rs10985126 
and rs12237774 are used to identify a protective haplotype 

against bronchial asthma.22 Significant associations could 
neither be demonstrated for rs17216529 and age-related 
macular degeneration23 nor rs41258306 in glioma patients, 
respectively.24 Hence, this study aimed to examine (1) asso-
ciations between clinically relevant and previously investi-
gated C5a SNPs (rs25681, rs17611, rs17216529, 
rs12237774, rs41258306 and rs10985126) and the prognosis 
of patients with symptomatic CAD. Furthermore, we inves-
tigated (2) C5 SNPs’ association with both platelet surface 
expression of C5aR and circulating C5a.

Materials and Methods
Subjects
The study was conducted from November of 2011 until March 
of 2016. Clinically significant C5 SNPs were analyzed in 833 
consecutive CAD patients (chronic coronary syndrome (CCS) 
and acute coronary syndrome (ACS)) that were admitted to the 
department of cardiology of the university of Tuebingen, 
Germany. CAD was diagnosed in case of a stenosis greater 
than 50% in at least one main coronary artery.25 CCS and ACS 
were defined according to current guidelines.26,27

Patients suffered from a significant amount of cardio-
vascular risk factors, including arterial hypertension 
(83%), diabetes mellitus type 2 (33%), hyperlipidemia 
(58%) and smoking (41%). The average body mass index 
(BMI) was 27.8 kg/m2. Harmful use of alcohol was regis-
tered in 3% of the overall cohort. Medication on admission 
was distributed as follows: Acetylsalicylic acid (55%), 
Clopidogrel (12%), Prasugrel (2%), Ticagrelor (2%), 
Oral anticoagulants (8%), ACE-inhibitors (43%), 
Angiotensin-II-receptor-antagonists (18%), Ca-channel- 
blockers (20%), Beta-blockers (57%) and Statins (48%). 
Further information on the baseline characteristics of the 
overall cohort is depicted in Tables 1 and 2.

Ethics Statement
Hereby, we assure that for the current manuscript the 
following is fulfilled:

1. This material is the authors’ own original work, 
which has not been previously published elsewhere.

2. The paper is not currently being considered for 
publication elsewhere.

3. The paper reflects the authors’ own research and 
analysis in a truthful and complete manner.

4. The paper properly credits the meaningful contribu-
tions of co-authors and co-researchers.
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5. The results are appropriately placed in the context of 
prior and existing research.

6. All sources used are properly disclosed.
7. All authors have been personally and actively 

involved in substantial work leading to the paper 
and will take public responsibility for its content.

The violation of the Ethical Statement rules may result 
in severe consequences.

The ethics committee of the Eberhard Karls University 
Tuebingen approved this study (270/2011BO1 and 238/ 
2018BO2). Finally, this investigation is in line with the 
Helsinki declaration as well as the good clinical practice 
guidelines.28–30

Inclusion and Exclusion Criteria
We enrolled all patients hospitalized due to either CCS 
(51%) or ACS (49%). Exclusion criteria were defined as 

Table 1 Baseline Characteristics for the Overall Cohort Stratified According to Rs10985126 (n=831) *

Baseline Characteristics All 
(n=831)

hc of Major Allele 
(n=563)

Heterozygotes 
(n=246)

hc of Minor Allele 
(n=22)

p

Age (mean±SD) 68 (±12) 68 (±11) 69 (±12) 71 (±10) 0.578

No. of males 590 (71%) 401 (71%) 176 (72%) 13 (59%) 0.442

Cardiovascular risk factors

Arterial hypertension 693 (83%) 463 (82%) 211 (86%) 19 (86%) 0.259

Hyperlipidemia 483 (58%) 334 (59%) 139 (57%) 10 (45%) 0.331

Diabetes mellitus type 2 273 (33%) 189 (34%) 75 (30%) 9 (41%) 0.579

Smoking 338 (41%) 234 (42%) 96 (39%) 8 (36%) 0.783

Clinical factors

Left ventricular ejection fraction [%] 
(mean±SD)

51 (±11) 51 (±11) 51 (±11) 52 (±12) 0.819

Creatinine [mg/dl] (mean±SD) 1.0 (±0.6) 1.0 (±0.7) 1.0 (±0.4) 1.4 (±1.0) 0.037

Medication on admission

Acetylsalicylic acid 461 (55%) 301 (53%) 143 (58%) 17 (77%) 0.033

Clopidogrel 103 (12%) 68 (12%) 31 (13%) 4 (18%) 0.647

Prasugrel 17 (2%) 14 (2%) 3 (1%) 0 (0%) 0.396

Ticagrelor 37 (4%) 22 (4%) 14 (6%) 1 (5%) 0.539

Oral anticoagulation 68 (8%) 47 (8%) 18 (7%) 3 (14%) 0.568

ACE-inhibitors 354 (43%) 236 (42%) 108 (44%) 10 (45%) 0.886

Angiotensin-II-receptor antagonists 151 (18%) 100 (18%) 44 (18%) 7 (32%) 0.250

Ca-channel-blocker 168 (20%) 102 (18%) 61 (25%) 5 (23%) 0.103

Beta blockers 471 (57%) 312 (55%) 140 (57%) 19 (86%) 0.018

Statins 396 (48%) 269 (48%) 113 (46%) 14 (64%) 0.275

Reason of admission

ACS 411 (49%) 285 (51%) 116 (47%) 10 (45%) 0.616

Stable CAD 420 (51%) 278 (49%) 130 (53%) 12 (55%) 0.616

Notes: *2 missing values. Bold indicates the values with statistical significance.
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age <18 years and absence of CAD. We confirm that the 
patients provided informed consent.

Genotyping of C5 Variants
Genomic DNA was isolated from ethylenediaminetetraa-
cetic acid (EDTA) blood samples using the QIAmp® 

DNA Blood Mini Kit System (Qiagen, Hilden, 
Germany). C5 variants (rs25681, rs17611, rs17216529, 
rs12237774, rs41258306 and rs10985126) were selected 
according to PubMed records and reported associations 

with clinical parameters and functional consequences.18– 

24 Matrix-assisted laser desorption/ionization time-of- 
flight mass spectrometry (MALDI-TOF MS) using the 
MassARRAY® Compact system (Sequenom, CA, USA) 
was applied to genotype for C5 variants. Details of 
assays and primers are provided upon request. 
Approximately 10% of samples within each assay 
served as quality control. Personnel investigating the 
study endpoints was blinded to the allele frequency of 
all participants during the whole genotyping process. 

Table 2 Baseline Characteristics for the Overall Cohort Stratified According to Rs17216529 (n=827) *

Baseline Characteristics All 
(n=827)

hc of Major Allele 
(n=698)

Heterozygotes 
(n=127)

hc of Minor Allele 
(n=2)

p

Age (mean±SD) 69 (±12) 68 (±12) 69 (±12) 80 (±4) 0.369

No. of males 586 (71%) 498 (71%) 86 (68%) 2 (100%) 0.444

Cardiovascular risk factors

Arterial hypertension 689 (83%) 579 (83%) 108 (85%) 2 (100%) 0.367

Hyperlipidemia 480 (58%) 405 (58%) 75 (59%) 0 (0%) 0.199

Diabetes mellitus type 2 271 (33%) 233 (33%) 37 (29%) 1 (50%) 0.674

Smoking 335 (41%) 285 (41%) 49 (39%) 1 (50%) 0.938

Clinical factors

Left ventricular ejection fraction [%] 
(mean±SD)

51 (±11) 51 (±11) 51 (±10) 38 (±4) 0.194

Creatinine [mg/dl] (mean±SD) 1.0 (±0.6) 1.0 (±0.6) 1.1 (±0.5) 1.6 (±1.0) 0.370

Medication on admission

Acetylsalicylic acid 459 (56%) 378 (54%) 79 (62%) 2 (100%) 0.111

Clopidogrel 103 (12%) 82 (12%) 20 (16%) 1 (50%) 0.128

Prasugrel 16 (2%) 15 (2%) 1 (1%) 0 (0%) 0.578

Ticagrelor 37 (4%) 33 (5%) 4 (3%) 0 (0%) 0.695

Oral anticoagulation 69 (8%) 61 (9%) 8 (6%) 0 (0%) 0.587

ACE-inhibitors 354 (43%) 296 (42%) 57 (45%) 1 (50%) 0.885

Angiotensin-II-receptor antagonists 150 (18%) 126 (18%) 24 (19%) 0 (0%) 0.785

Ca-channel-blocker 167 (20%) 136 (19%) 31 (24%) 0 (0%) 0.363

Beta blockers 470 (57%) 388 (56%) 80 (63%) 2 (100%) 0.161

Statins 395 (48%) 332 (48%) 62 (49%) 1 (50%) 0.981

Reason of admission

ACS 407 (49%) 349 (50%) 56 (44%) 2 (100%) 0.168

Stable CAD 420 (51%) 349 (50%) 71 (56%) 0 (0%) 0.168

Note: *6 missing values.
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Minor allele frequencies of the analyzed C5 variants are 
provided in Table 3.31,32

Enzyme-Linked Immunosorbent Assay 
(ELISA)
Circulating C5a levels were determined in plasma of 116 
consecutive patients via a commercially available ELISA 
kit (R&D Systems).16 Arterial blood was collected during 
catheter procedure. Within 30 minutes of collection, ethy-
lenediamine tetraacetic acid plasma (EDTA) probes were 
centrifuged for 15 minutes and subsequently aliquoted and 
stored at −80 degrees until analysis.

C5aR Platelet Surface Exposure Analyzed 
by Whole Blood Flow Cytometry (FACS)
C5aR platelet surface exposure was determined in 473 
consecutive CAD patients. Platelets in whole blood were 
analyzed for C5aR surface exposure gating for the platelet 
specific marker CD42b. Blood collected in CPDA was 
diluted 1:50 with PBS (Gibco) and incubated with mouse 
monoclonal anti-human C5aR-FITC (AbD Serotec) and 
mouse anti-human CD42b PE (Becton Dickinson) antibo-
dies or their respective isotype controls (R&D systems) for 
30 min at room temperature. Thereafter, cells were fixed 
with 0.5% paraformaldehyde and analyzed by flow cyto-
metry (FACS-Calibur flow cytometer Becton–Dickinson, 
Heidelberg, Germany).16

Follow-Up
Patients were followed-up over a period of 1080 days after 
study enrollment for clinical events consisting of all-cause 
mortality, myocardial infarction (MI), ischemic stroke (IS) 
and bleeding. Acute MI was defined as follows: detection 
of a rise and/or fall of cardiac troponin I with at least one 
of the following criteria: angina pectoris, significant ST- 
segment and/or T wave changes, new complete left bundle 

branch block and/or pathological Q waves in the electro-
cardiogram, loss of viable myocardium and/or new regio-
nal wall motion abnormality in cardiac imaging and/or 
a thrombus in coronary angiography.33 Ischemic stroke 
was defined as neurological dysfunction due to ischemic 
brain, spinal cord, or retinal cell death, based on patholo-
gical imaging, or other objective evidence of cerebral, 
spinal cord, or retinal focal ischemic injury in a defined 
vascular distribution.34 The Bleeding Academic Research 
Consortium (BARC) bleeding definition was used to 
detect clinically significant bleeding.35 The primary com-
posite endpoint (CE) included first occurrence of all-cause 
mortality, MI, and/or IS. Secondary endpoints were 
defined as all-cause mortality, MI and bleeding. We 
aimed to follow-up all patients of the SNP cohort 
(n=833). Out of this cohort, we managed to track 758 
patients (91.0%). Follow-up remained incomplete in 75 
patients (9.0%). Follow-up was performed by telephone 
interview (patients and patients’ physicians) and/or review 
of patients’ files in case of readmission by independent 
examiners.

Statistical Analysis
All statistical analyses were conducted with SPSS ver-
sion 25.0 (SPSS Inc., Chicago IL). Normally distributed 
and categorical values in the baseline characteristics are 
presented as mean ± standard deviation and percentage 
of total, respectively. Normally distributed data were 
compared using Welch’s t-test. Mean fluorescence inten-
sities (MFIs) and circulating C5 values are presented as 
median and 25th/75th percentiles. We applied Kruskal– 
Wallis-H-tests with Dunn-Bonferroni correction for 
comparison of both circulating C5a and C5aR platelet 
surface expression levels between different genotypes. 
Incidence rates are given per 100-person years. Chi- 
squared tests were used to compare event rates between 
genotype groups. For survival data, Kaplan–Meier 

Table 3 Allele Frequencies of the Investigated C5 Variants

C5 Variant Alleles (Major/Minor) MAF* [%] Missing Values [%] Hardy-Weinberg p-value MAF* [%] 1000 Genomes, EUR

rs10985126 T/C 17.4 0.2 0.91 16.7
rs12237774 C/T 1.4 0 1 1.1

rs25681† G/A 47.1 0 0.21 45.9

rs17611† C/T 47.4 0.8 0.15 45.8
rs17216529 C/T 7.9 0.7 0.65 7.0

rs41258306 T/C 6.0 1.0 1 6.1

Note: *Minor allele frequency † rs25681 and rs17611 in LD with r2 = 0.98 in our cohort (n=833) and r2 = 0.996 in 1000 Genomes EUR.
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estimates and corresponding log rank tests were deter-
mined. Multiple Cox regression analysis was performed 
to analyse independent associations between C5 SNPs 
and the pre-defined endpoints after adjustment for epi-
demiological factors that might have influenced patients’ 
outcome. Bonferroni’s procedure was applied to adjust 
the obtained p-values for multiple testing, considering 
the 5 investigated C5 variants. All statistical tests were 
two-sided, and the significance level was set to 5%.

Results
Baseline characteristics for the overall cohort, stratified 
according to rs10985126 and rs17216529 allele distribu-
tion are shown in Tables 1 and 2.

Numbers and incident rates of events stratified accord-
ing to C5 SNPs are provided in Table 4

We observed significantly worse event-free survival in 
homozygous carriers (hc) of the minor allele (rs10985126) 
in comparison to heterozygotes and hc of the major allele in 
univariate analysis (log rank =0.008 for all-cause mortality, 
Bonferroni-adjusted p-value =0.040) (Figure 1). Furthermore, 
univariate analysis revealed significantly worse event-free 
survival in hc of the minor allele (rs17216529) in comparison 
to heterozygotes and hc of the major allele (log rank <0.001 
for CE, Bonferroni-adjusted p-value <0.001). However, num-
ber of homozygous minor allele carriers was too low to 
conclude clinical implications for this SNP. rs10985126 was 
independently associated with all-cause mortality (p =0.003, 
Bonferroni-adjusted p-value =0.015) (Table 5).

When we analyzed associations between rs10985126 
and circulating C5a levels, we found that circulating C5a 
levels were significantly higher in hc of minor allele com-
pared to heterozygotes and hc of major allele (median 
plasma C5a (pg/mL) 24715; 25th/75thpercentile 18504/ 
NA, n=3 vs 20956; 25th/75th percentile 19834/24185, 
n=35 vs 19264; 25th/75th percentile 16813/21991, n=78; 
p=0.016). Post-hoc analysis revealed a significant differ-
ence between hc of major allele and heterozygotes 
(adjusted p=0.026) (Figure 2). There was no statistically 
significant association between rs10985126 allele fre-
quency and C5aR platelet surface expression levels (med-
ian platelet C5aR (MFI) 13.8; 25th/75th percentile 9.6/ 
17.8, n=15 vs 13.4; 25th/75th percentile 11.8/17.0, n=142 
vs 13.8; 25th/75th percentile 11.7/17.3, n=316; p=0.753).

Discussion
The major findings of the present study are (1) C5 
rs10985126 is associated with mortality among patients 

suffering from symptomatic coronary artery disease. (2) 
Homozygous carriers of minor allele (rs10985126) show 
increased levels of circulating C5a when compared to 
major allele carriers.

As key elements of the complement cascade, C5a as 
well as C5aR offer a variety of pro-inflammatory effects. 
SNPs of the C5 gene might alter C5a and C5aR concen-
trations in human circulation and consequently affect 
inflammatory processes. Here, we could demonstrate an 
association between rs10985126 and all-cause death but 
failed to show an effect on myocardial infarction. Pre- 
existing evidence suggests that C5 rs17611 correlates 
with major adverse cardiovascular events in patients with 
asymptomatic atherosclerosis of the carotid arteries and 
that the allele at risk (rs17611) shows increased levels of 
circulating C5a.18 In the current study, hc of minor allele 
(rs10985126) display increased levels of circulating C5a 
and show increased mortality. C5 rs2269067, which is 
linked to C5 rs10985126 (r2≥0.86), is associated with 
proliferative diabetic retinopathy and elevated expression 
of C5a as well as production of IL-6.36 Interestingly, 
inhibition of IL-6 reduces C5aR expression in patients 
with NSTEMI correlating with attenuated troponin 
T release.37 Previously, a large number of SNPs including 
rs10985126 was used to draft a genetic model to estimate 
the risk for rheumatoid arthritis.38 Since rheumatoid 
arthritis is considered to be a risk factor for cardiovascular 
diseases,39 identifying an association between SNPs of the 
C5 gene and rheumatoid arthritis would be an interesting 
attempt to find similarities between different inflammatory 
diseases and to further the understanding of the underlying 
pathways. In the univariate survival analysis, rs10985126 
was associated with a significantly worse cumulative 
event-free survival for homozygous carriers of the minor 
allele when compared to major allele carriers. This effect 
remained statistically significant after adjustment for mul-
tiple testing. When we applied Cox-regression analysis, 
we could demonstrate independent associations for 
rs10985126 on all-cause mortality after adjustment for 
epidemiological factors and multiple testing. In the current 
study neither rs17611 nor rs12237774 nor rs41258306 
were significantly associated with prognosis. rs17216529 
was associated with the combined endpoint and bleeding 
events. However, the number of hc of the minor allele was 
too low to draw a robust conclusion on these findings. 
Hoke et al previously showed a significant association of 
rs17611 with cardiovascular outcome in patients with 
asymptomatic atherosclerosis.18 Conversely, we could 
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not obtain significant results for rs17611 in patients with 
symptomatic CAD. These different results may result due 
to distinct clinical circumstances upon admission: While 
Hoke et al tracked patients with asymptomatic carotid 
atherosclerosis for the occurrence of a first major adverse 
cardiovascular event,18 the patients in our study already 

suffered from CAD on the day of study enrollment. 
Furthermore, rs17611 was found to be over-expressed in 
patients with ischemic stroke compared to healthy 
controls.40 These observations notwithstanding, there 
might be well-preserved functional differences between 
SNPs of the same gene. rs17611 represents a missense 

Table 4 Events and Incident Rates (IR) per 100-Person Years (PY) Within the Overall Cohort

No. of Events (rs10985126: hc of Major Allele/ 
Heterozygotes/ hc of Minor Allele)

IR/100 PY (rs10985126: hc of Major Allele/ 
Heterozygotes/ hc of Minor Allele)

p Bonferroni- 
Adjusted p

CE 189 (132/49/8) 8.3 (8.5/7.4/12.7) 0.234 1

Mortality 102 (72/23/7) 4.5 (4.7/3.5/11.1) 0.012 0.060

MI 95 (67/26/2) 4.2 (4.3/3.9/3.2) 0.826 1

Bleeding 71 (53/16/2) 3.1 (3.4/2.4/3.2) 0.438 1

No. of events (rs17216529: hc of major allele/ 
heterozygotes/ hc of minor allele

IR/100 PY (rs17216529: hc of major 
allele/ heterozygotes/ hc of minor allele)

p Bonferroni- 
adjusted p

CE 189 (166/21/2) 8.4 (8.7/6.0/33.3) 0.009 0.045

Mortality 103 (91/11/1) 4.6 (4.8/3.2/16.7) 0.122 0.610

MI 94 (82/11/1) 4.2 (4.3/3.2/16.7) 0.162 0.810

Bleeding 71 (63/6/2) 3.1 (3.3/1.7/33.3) <0.001 <0.001

No. of events (rs17611: hc of major allele/ 
heterozygotes/ hc of minor allele)

IR/100 PY (rs17611: hc of major allele/ 
heterozygotes/ hc of minor allele)

p Bonferroni- 
adjusted p

CE 189 (50/86/53) 8.4 (7.4/8.2/9.9) 0.221 1

Mortality 102 (27/43/32) 4.5 (4.0/4.1/6.0) 0.146 0.730

MI 95 (23/47/25) 4.2 (3.4/4.5/4.7) 0.433 1

Bleeding 71 (26/24/21) 3.2 (3.9/2.3/3.9) 0.080 0.400

No. of events (rs41258306: hc of major allele/ 
heterozygotes/ hc of minor allele)

IR/100 PY (rs41258306: hc of major 
allele/ heterozygotes/ hc of minor allele)

p Bonferroni- 
adjusted p

CE 190 (167/23/0) 8.4 (8.4/9.5/0) 0.486 1

Mortality 103 (91/12/0) 4.6 (4.6/4.9/0) 0.756 1

MI 95 (82/13/0) 4.2 (4.1/5.3/0) 0.510 1

Bleeding 71 (62/9/0) 3.2 (3.1/3.7/0) 0.745 1

No. of events (rs12237774: hc of major allele/ 
heterozygotes)

IR/100 PY (rs12237774: hc of major 
allele/ heterozygotes)

p Bonferroni- 
adjusted p

CE 190 (189/1) 8.4 (8.5/1.7) 0.036 0.180

Mortality 103 (102/1) 4.5 (4.6/1.7) 0.256 1

MI 95 (95/0) 4.2 (4.3/0) 0.086 0.430

Bleeding 71 (68/3) 3.1 (3.1/5.0) 0.381 1

Note: Bold indicates the values with statistical significance.
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mutation according to the NCBI SNP database (https:// 
www.ncbi.nlm.nih.gov/snp/), whereas rs10985126 is 
a synonymous mutation. Synonymous mutations do not 
alter the protein sequence due to the degeneration of the 
genetic code, yet these SNPs might also have functional 
implications, albeit these are hard to predict.41 However, 
the current results suggest a functional relevance for 
rs10985126 due to associations with all-cause mortality 
in patients with symptomatic CAD.

Prior observations suggest that C5aR mediates tissue 
damage after myocardial ischemia.42 Previously, we have 
demonstrated elevated platelet C5aR and C3aR surface expo-
sure in CAD patients compared to healthy controls.16 

Currently, we failed to establish any correlation between C5 
rs10985126 with C5aR platelet surface expression levels. C5 
rs10985126 was however significantly associated with cir-
culating C5a levels. Higher concentrations of circulating C5a 
correlate with adverse outcomes in patients suffering from 
advanced atherosclerosis.15 Furthermore, increased serum 
levels of C5a and C3a are associated with late re-stenosis 
of drug eluting stents after percutaneous transluminal coron-
ary angioplasty.43 C5 levels are elevated in patients with 

Figure 1 Cumulative event-free survival for all-cause mortality stratified according to rs10985126 allele frequency. Red: Hc major allele; Green: Heterozygotes; Blue: HC 
minor allele.

Table 5 Cox Regression Analysis with All-Cause Mortality as 
Dependent Variable, C5 Rs10985126 as Well as Epidemiological 
Factors (Age, Gender, Arterial Hypertension, Hyperlipidemia, 
Diabetes Mellitus Type 2, Smoking, Left Ventricular Ejection 
Fraction and Reason of Admission) as Covariates

Hazard Ratio (95% CI) p Bonferroni- 

Adjusted p

Age [years] 1.11 (1.08–1.14) <0.001 <0.001

Gender 1.00 (0.61–1.64) 0.992 1

Arterial hypertension 1.15 (0.59–2.24) 0.685 1

Hyperlipidemia 0.87 (0.56–1.36) 0.544 1

Diabetes mellitus 

type 2

1.62 (1.03–2.53) 0.036 0.180

Smoking 1.29 (0.78–2.13) 0.325 1

Left ventricular 

ejection fraction [%]

0.96 (0.94–0.98) <0.001 <0.001

Reason of admission 1.61 (1.04–2.49) 0.031 0.155

C5 rs10985126 0.53 (0.35–0.81) 0.003 0.015

Note: Bold indicates the values with statistical significance.

Figure 2 C5a plasma levels stratified according to rs10985126 allele frequency.
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generalized subclinical atherosclerosis and considered as 
a novel biomarker for subclinical atherosclerosis.44 In addi-
tion to contributing directly to the emergence and progress of 
CAD, C5a and C5aR signaling might also influence cardio-
vascular risk factors, as it has already been described for 
obesity45 and arterial hypertension.46 Nevertheless, other 
components of the complement cascade have already been 
established as prognostic markers since an increased C3/C4- 
ratio in patients with ACS was an independent risk factor to 
predict another ACS in the observation period.47 To con-
clude, C5a and C5aR seem to be involved in the pathophy-
siology of CAD in a way that might eventually be influenced 
by SNPs of the C5 gene.

Future Implications
As other SNPs have already been associated to prog-
nosis in patients with cardiovascular disease,48 C5 
rs10985126 might also be considered as a possible 
prognostic marker in these patients. Multi-locus genetic 
risk scores (GRS) consist of various gene variants 
associated with cardiovascular disease. This approach 
might be of use for identifying patients at an increased 
risk for suffering thromboischemic and/or bleeding 
events independently from classical cardiovascular 
risk factors.49,50

Furthermore, development of C5a receptor agonists 
may serve as a treatment strategy for thromboinflamma-
tory processes fostering CAD. Previously, the antibody 
eculizumab, which binds to and blocks proteolysis of C5, 
has been developed and approved for treatment of par-
oxysmal nocturnal hemoglobinuria by the US Food and 
Drug Administration.51 Biologicals for chronic inflam-
matory diseases are expensive, offer low bioavailability 
and metabolic instability and need for repeated injec-
tions. The development of effective small molecule 
antagonists for C5aR, including peptides and peptidomi-
metics, as well as non-peptidic small molecules as 
ligands, represents an attractive alternative. While effects 
have mainly been studied in rodents, these studies have 
shown significant immunoregulatory effects of C5aR 
antagonists in vivo, which may offer major implications 
for cardiovascular disease.52 Consequently, preclinical 
pharmacokinetics of C5aR1 antagonists PMX53 and 
PMX205 targeting cyclic peptide compounds that act in 
a pseudo-irreversible and insurmountable manner at 
nanomolar concentrations are currently investigated in 
mice.53

Strengths and Limitations
The current study offers several strengths including the 
prospective, consecutive cohort of CAD patients. 
Furthermore, we analyzed clearly defined, “hard” end-
points. Finally, we present a reasonably long follow-up 
period with an acceptable number of patients who were 
lost to follow-up.

Major limitations of the current study lie within the 
observational character and moderate sample size. 
Furthermore, circulating C5a as well as platelet C5aR 
levels were determined only at study inclusion and were 
not available for the complete SNP cohort. Moreover, the 
current study lacks a validation cohort.

Highlights
● C5 rs10985126 is associated with all-cause mortality 

among patients suffering from symptomatic coronary 
artery disease

● C5 rs10985126 influences circulating C5a levels
● C5 rs10985126 might serve as a novel biomarker for 

risk stratification in patients with coronary artery dis-
ease and consequently promote individualized therapies
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