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Polymorphism of the complement 5 gene is
associated with large artery atherosclerosis
stroke in Chinese patients

O polimorfismo do gene C5 do complemento esté associado a acidentes vasculares
cerebrais de grandes artérias com aterosclerose em pacientes chineses

Hui Wu', Yingfeng Weng', Lan Zheng', Huanyin Li’, Qi Gong', Yi Fu?, Jing Zhao'

ABSTRACT

The complement system has been confirmed to play an increasingly important role in ischemic stroke (IS). This study aimed to
determine whether the single-nucleotide polymorphism of the complement 5 (C5) gene independently influences the occurrence,
severity, and long-term outcome of IS in Chinese patients. Methods: C5rs17671 genetic variants were investigated in 494 IS patients
and 330 control individuals .Ischemic stroke was classified into subtypes and patients were assessed 90 days post-stroke with the
modified Rankin Scale to determine stroke outcome. Results: The presence of C5 polymorphism was associated with the incidence of
large artery atherosclerosis (LAA)-subtype IS (n =2 00; p = 0.031), which even persisted after adjustment for covariates (OR = 1.518;
95%Cl = 1.093-2.018; p = 0.013). However, no association was found between genotypes and the severity and outcome of stroke
(p = 0.978; p = 0.296). Conclusions: The C5 polymorphism might contribute to the risk of LAA-subtype IS independently of other
known risk predictors.
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RESUMO

Ja se confirmou que o sistema do complemento exerce um papel cada vez mais importante nos acidentes vasculares cerebrais isquémicos.
Este estudo teve o objetivo de determinar se o polimorfismo de nucleotideo Gnico (SNP) do gene codificador do componente 5 (C5) influencia
de formaindependente a ocorréncia, a severidade e o desfecho em longo prazo do acidente vascular cerebralisquémico (AVCI) em pacientes
chineses. Métodos: Variantes genéticas rs17617 do C5 foram investigadas em 494 pacientes com AVCl e em 330 individuos controles. O
AVCI foi classificado em subtipos e os pacientes foram avaliados 90 dias ap6s 0 acidente vascular, através da Escala Modificada de Rankin
(mRS), para determinacao do desfecho do acidente. Resultados: A presenca de polimorfismo do C5 foi associada a incidéncia de AVCI
do subtipo com aterosclerose de grandes artérias (AGA) (n = 200; p = 0,031), que persistiu mesmo apds os ajustes de covariaveis (RP =
1,618;95% IC = 1,093-2,018; p = 0,013). Entretanto, nenhuma associacao foi observada entre os genétipos e a severidade ou o desfecho
do acidente vascular (p = 0,978; p = 0,296). Conclusdes: O polimorfismo do C5 pode contribuir para o risco de AVCI do tipo com AGA,
independentemente de outros riscos preditores conhecidos.

Palavras-chave: genes; acidente vascular cerebral.

Stroke is the major cause of serious, permanent disability
requiring institutional long-term care and is the second most
common cause of mortality worldwide. There are 2.5 million
stroke attacks and 1 million stroke-related deaths in China
annually'. In addition to age and sex, other risk factors include
hypertension, diabetes mellitus, smoking, and hypercholes-
terolemia. However, the prevalence of these conditions is not
enough to explain the rising incidence of ischemic stroke (IS).

Atherosclerosis is the major pathological mechanism of IS,
and the inflammatory response is known to play a key role
in the development of atherosclerosis. The inflammatory re-
sponse has been associated with the occurrence of athero-
sclerosis® in the carotid arteries or the aorta’®. Interactions
among lipoproteins, macrophages, T-lymphocytes, and endo-
thelial cells of the vessel wall are responsible for the devel-
opment of atherosclerotic lesions®. Humoral inflammatory

"Minhang District Central Hospital, Department of Neurology, Shanghai, China;
’ShanghaiJiao Tong University School of Medicine, Ruijin Hospital.

Correspondence: Jing Zhao; 170 Road, Shanghai, 201100, China; E-mail: zhaojingssmu@163.com

Conflict of interest: There is no conflict of interest to declare.

Support: This work was supported by the National Natural Science Foundation of China (81572232), Shanghai Natural Science Foundation (13ZR1436600),
Shanghai Health Bureau and the leading talents (20124266), Minhang District Natural Science Research Project (2015MHZ038)

Received 08 April 2016; Received oin final form 19 June 2016; Accepted 26 July 2016.

@)er |

881



882

mediators—in particular the complement system—have
previously been shown to be associated with the formation
process of atherogenesis®. Greisenegger et al.® investigated
49 single-nucleotide polymorphism (SNP)s in 34 genes and
evaluated their contribution to the risk of acute ischemic
stroke and transient ischemic attack in a large cohort of con-
secutive patients and controls individually. At last they found
evidence for an association of the complement 5 (C5) rs17611
polymorphism with the risk for IS and transient ischemic at-
tack in Austrian patients®. Therefore, the aim of this study
was to evaluate the possible associations of the C5 rs17611
with the susceptibility, severity, and 90-day outcome of IS in
Chinese patients.

METHODS

Patients and control individuals

Patients with IS admitted to Shanghai Minhang District
Central Hospital from 2008 to 2012 were recruited. Individuals
in the control group were patients with chronic disease(s) re-
cruited from the same hospital in the physical examination
center. They were confirmed free of IS on cranial CT/MRI and
stroke or/and myocardial infarction history.

The study was approved by the Institutional Ethical
Committee of Shanghai Minhang District Central Hospital.
Each participant or their legal representatives signed an in-
formed consent form.

The diagnosis was made based on MRI within two days
after onset. All patients received a complete physical ex-
amination with a precise record of their medical history.
All patients received standardized treatment according to
guidelines for the early management of adults who expe-
rience IS”. Common and internal carotid arteries were in-
vestigated for the presence of plaques. Ultrasonography
was performed with MyLab90 with a 3-9 MHz linear array
transducer. Atherosclerotic plaque was defined as a focal
structure that encroaches into the arterial lumen of at least
0.5mm or 50% of the surrounding intima media thickness
(IMT) or demonstrates a thickness of > 1.5mm as measured
from the media-adventitia interface to the intima-arterial
lumen interface.

Clinical examination

A detailed history was obtained, and a complete clin-
ical evaluation was performed for each patient. All pa-
tients with IS were divided into subtypes: large artery
atherosclerosis (LAA), small artery occlusion (SAO), and
cardioembolism (CE), and other strokes with other or un-
determined etiology using the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification® . Subtype anal-
ysis was limited to LAA (n = 200), SAO (n = 165), and CE
(n = 82) because of the small sample sizes of other sub-
types (n = 47).
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On the first day of admission, disease severity was mea-
sured by using the National Institutes of Health Stroke
Severity Scale (NIHSS), and mild stroke was defined as a
NIHSS of 6 or less points and severe stroke as a NIHSS of 7
or higher.

Post-stroke disability was evaluated using the modified
Rankin Scale (mRS)' 90 days after the acute stroke. Good re-
covery was defined as an mRS of 1 or less points and poor
recovery as an mRS of 2 or higher; 0-1 indicates minimal or
no disability.

Genotype determination

Genomic DNA was extracted from 200 pl of EDTA-treated
blood by using a UNIQ-10 Genome Extraction Kit Genomic
DNA purification kit (TaKaRa Biotechnology, Dalian) ac-
cording to the manufacturer’s instructions. Genotypes
were determined by PCR-LDR assay. Genomic DNA was
PCR amplified and designed using the web-based version
of the Primer 3.0 program (http://frodo.wimit.edu/prim-
er3/). The rs17611 SNP was amplified by the following pair
of primers: forward, AACTTCCAGAAAACAGTTGCAG; re-
verse, TGCTACCATTTAAGTCCTGGGTA. The PCR amplifi-
cation was performed in a 20-ul reaction volume containing
1 pl of 50ng genomic DNA, 2 pl of 10 x PCR amplification
buffer, 2 pl of 25mM dNTP mixture, 0.2 pl of 50pmol/ul of
each primer, and 0.3 pl of 1U Taq DNA polymerase (TaKaRa
Biotechnology, Dalian). The conditions used for the PCR am-
plification included initial denaturation of 2 min at 95°C, fol-
lowed by 35 cycles of denaturation at 94°C for 30s, annealing
at 56°C for 1min30, and extension at 72°C for 1 min followed
by a final extension at 72°C for 10 minutes. The purified PCR
products were then sequenced on an ABI 3730 XL sequencer
(America ABI Company).

The ligation detection reaction for each subject was car-
ried out in a final volume of 10 pl containing 1 pul 100ng/ul
PCR product, 1 pl of 10xbuffer, 1ul of 12.5 pmol/ul of each
probe mix, and 0.05 ul 2U Taq DNA ligase (NEB Biotechnology
(Beijing)). A total of ligase detection reaction was performed
at 95°C for 2 min using 30 cycles at 94°C for 15 s and 50°C for
25 seconds. The fluorescent products of ligase detection re-
action were differentiated by ABI 3730 XL sequencer (ABI).

Statistical analysis

All statistical tests were performed with SPSS19.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Demographic data, clini-
cal characteristics, severity on the NIHSS at admission, and
mRS outcome 90 days after discharge were compared by us-
ing t-tests or y” tests. Allele frequencies were calculated us-
ing the following equation: allele frequency = (number of ho-
mozygotes x 2 + number of heterozygotes) x 0.5 x 1/n. The >
test was used to determine whether the genotype distribu-
tions were in Hardy-Weinberg equilibrium. Non-parametric
analyses were used if the variance was high. Logistic re-
gression models were used for calculating odds ratios (95%



confidence interval) and corresponding p-values, controlling
for the presence of risk factors as covariates. A p-value < 0.05
was taken to indicate statistical significance.

RESULTS

The IS group comprised 300 men and 194 women
with a mean age of 69.75 + 11.32 years. The control group
comprised 183 men and 147 women with a mean age of
68.87 £ 10.02 years. There were no statistically significant dif-
ferences in age (p = 0.250) or sex (p = 0.603) between both
groups. Conventional cerebrovascular risk factors in the case
group included hypertension, n = 374 (75.7%); diabetes mel-
litus, n = 168 (34.0%); hypercholesterolemia, n = 164 (33.2%);
smoking, n = 202 (40.9%); and atherosclerotic plaque,
n = 315 (63.8%). And these risk factors in the control group
included hypertension, n = 199 (60.3%); diabetes mellitus,
n =56 (17.0%); hypercholesterolemia, n = 77 (23.3%); smoking,

Table 1. Baseline characteristics of patients and controls.

n = 88 (26.7%); and atherosclerotic plaque, n = 147 (44.5%)
(Table 1). These risk factors were controlled in both groups.

Stroke occurrence

Genetic analysis of the C5 rs17611 polymorphism was
performed for all 494 patients and 330 controls. The geno-
type and allele frequency in the IS patients and control sub-
jects are presented in Table 2. We found no statistical differ-
ence of the C5 rs17611 gene polymorphism between groups
(p = 0.541). However, when patients were classified into sub-
types, we found a statistical difference between LAA-subtype
and control individuals in the GG genotype distribution
(p = 0.031) and G allele (p = 0.016). We calculated the ad-
justed odds ratios (OR) using multiple logistic regression
analysis with adjustments for the traditional risk factors, in-
cluding hypertension, diabetes mellitus, hypercholesterol-
emia, and smoking in Table 3. The results suggested that the
G allele was an independent risk factor for LAA-subtype IS
(OR = 1.518;95%CI = 1.093-2.018; p = 0.013).

Characteristic Controls (n = 330) Patients (n = 494) p
Age (year) 68.87+£10.02 69.75+11.32 0.250
Gender M/F 183/147 300/194 0.603
Hypertension 199(60.3%) 374(75.7%) 0.000*
Diabetes mellitus 56(17.0%) 168(34.0%) 0.000*
Hypercholesterolemia 77(23.3%) 164(33.2%) 0.002*
Smoking 88(26.7%) 202(40.9%) 0.000*
Atherosclerotic plaque 147(44.5%) 315(63.8%) 0.000*
M:masculine; F: feminine; *p < 0.05 is considered statistically significant.
Table 2. Genotypes and allele frequencies of patients and controls.
Total (%) TOAST subtype (%)
Controls =
rs17611 (n = 330) Patients LAA SAO CE
(n = 494) (n = 200) (n = 165) (n=82)
Genotype
AA 230(69.7) 327(66.2) 117(58.5) 119(72.1) 58(70.7)
AG 91(27.6) 154(31.2) 76(38) 44(26.7) 20(24.4)
GG 9(2.7) 13(2.6) 7(3.5) 2(1.2) 4(4.9)
P 0.541 0.031* 0.632 0.543
Allele
A 551(83.5) 808(81.8) 310(77.5) 282(85.5) 136(82.9)
G 109(16.5) 180(18.2) 90(22.5) 48(14.5) 28(17.1)
p 0.373 0.016* 0.424 0.864

TOAST: Trial of Org 10172 in acute stroke treatment; LAA: large artery atherosclerosis, SAO: small artery occlusion, CE: cardioembolism. *p < 0.05 is considered

statistically significant.

Table 3. Logistic regression analysis of the C5rs17611 polymorphisms with risk of IS of LAA subtype, adjusted by confounding

factors.
Variable B S.E, Wals df Sig. OR — 95%ClI _
Lower limit Upper limit
Hypertension .688 148 21.646 1 .000 1.989 1.489 2.657
Diabetes mellitus .786 155 25.737 1 .000 2194 1.619 2.971
Hypercholesterolemia 462 149 9.605 1 .002 1.587 1185 2126
Smoking .804 140 32.861 1 .000 2.234 1.697 2.941
rs17611 417 168 6.212 1 .013* 1.518 1.093 2108

B: beta; SE: Standard error; dF: degree of freedom; OR: odds ratio; *p < 0.05 is considered statistically significant.
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Association of the C5rs17611 genotype with the
severity and outcome of IS

On the first day of admission, severity was assessed
by using the NIHSS. A total of 494 patients were classified
into the mild (n = 382) and severe groups (n = 112). We did
not find any association between gene polymorphism and
stroke severity in the whole group (p = 0.978) or in subtypes
(LAA: p = 0.765; SAO: p = 0.767; CE: p = 0.479) (Table 4).
We then stratified all patients according to the different
outcomes (Table 5). Of the 494 stroke patients, 308 (62.3%)
were assessed 90 days after the acute event; eight patients
(1.6%) died, 11 patients (2.2%) had a recurrent IS, and
167 patients (33.8%) were lost to follow-up. Of these 308 pa-
tients, 193 were classified as having good recovery and 115
as having poor recovery. We obtained no significant correla-
tion between the genotype and long-term prognosis in total
patients (p = 0.296) or in the subtypes (LAA: p = 0.826; SAO:
p =0.567; CE: p = 0.154).

DISCUSSION

Our study determined the distribution of the C5 rs1761
polymorphism and its association with occurrence, sever-
ity, and outcome of acute IS in Chinese patients. Although
we did not find a correlation between the genotype and the
occurrence of IS in the overall distribution, to our surprise,
when we analyzed the cases subtypes, we found that the G
allele and GG genotype in the C5rs17611 polymorphism was
significantly associated with the LAA stroke subtype (p =
0.016; p = 0.031), which persisted even after adjustment for
covariates (OR = 1.518; 95%CI = 1.093-2.018; p = 0.013). It
may be that the main pathogenesis of the LAA subtype is ath-
erosclerosis, and the inflammatory response was critical to

atherogenesis® Since inflammation may aggravate the sever-
ity of acute stroke, and the outcome will be worse as well, we
analyzed the relationship between the presence of C5 rs17611
genotype and acute severity as well as long-term outcome of
stroke, but no statistical difference was found.

The complement system consists of a set of plasma pro-
teins involved in the inflammatory response. In atheromas,
complement system elements such as various complement
receptors, complement activation products, and regulatory
proteins have been found''%. C5 plays an important role in
the immune cascade. Under the action of C5 invertase, C5 is
decomposed to produce two kinds of product: C5a and C5b.
C5b interacts with other complement proteins to form the
membrane attack complex, which consists of a lytic pore that
leaks the intracellular contents. The smaller molecule, C5a,
promotes pro-inflammatory reactions and is closely linked
to chemokine generation and adhesion molecule production
by endothelial cells'* Vascular endothelial cell damage and
cholesterol deposition form the artery atheromatous plaque.
There is a great deal of strong evidence to support a close re-
lationship between the complement system and the progres-
sion of atherothrombotic vascular disease, including IS. Signs
of complement activation have been detected in atheroscle-
rotic arterial walls'?. Plasma C3 and C3a levels are associated
with large-vessel disease stroke', and different complement
components play different roles in the course of stroke™.
Szeplaki et al. found that C5b-9 levels exhibited significant
positive correlation with the severity of neurological deficit
as well as the level of functional disability".

A few functional studies of C5 or C5a have been reported.
Hillebrandt et al. thought that C5 had a causal role in liver fi-
brogenesis across species’. Liu et al. obtained the result that
C5a may be one of the factors contributing to age-related
macular degeneration"”.

Table 4. Genotype frequency distribution and association with severity measured by NIHSS on the first day [Mild (< 6); Severe (= 7)].

L TOTAL (%) TOA?T subtype (%)

IS (n = 494) LAA (n = 200) SAO (n = 165) CE (n=82)
AA 252(66.0) 75(67.0) 94 (57.3) 23(63.9) 87 (72.5) 32(71.1) 43(74.0) 15(62.5)
AG 120(31.4) 34(30.4) 64(39.0) 12(33.3) 32(26.7) 12(26.7) 12(20.7) 8(33.3)
GG 10(2.6%) 3(2.6%) 6(3.7%) 1(2.8%)) 1(0.8%) 1(2.2%) 3(5.2%) 1(4.2%)
%2 0.045 0.535 0.530 1.473
p 0.978 0.765 0.767 0.479

TOAST: Trial of Org 10172 in acute stroke treatment; LAA: large artery atherosclerosis; SAO: small artery occlusion; CE: cardioembolism; NIHSS: National

Institutes of Health Stroke Severity Scale.

Table 5. Genotype frequency distribution and association with 90 functional outcomes [Good (< 1); Poor (> 2)].

Total large artery

rs17611 atherosclerosis (%) TOAST subtype (5)

IS (n = 308) LAA (n = 130) SAO (n = 102) CE (n = 47)
AA 118(61.1) 76(66.1) 44 (56.4) 31(59.6) 44 (63.8) 24(72.7) 16 (64.0) 16(72.7)
AG 72(37.3) 35(30.4) 32(41.0) 19(36.5) 24(34.8) 9(27.3) 9(36.0) 4(18.2)
GG 3(1.6) 4(3.5) 2(2.6) 2(3.8) 1(1.4) 0(0.0) 0(0.0) 2(9.1)
X2 2.433 0.382 1136 3.747
p 0.296 0.826 0.567 0.154

IS:ischemic stroke; LAA: large artery atherosclerosis; SAO: small artery occlusion; CE: cardioembolism; TOAST: Trial of Org 10172 in Acute Stroke Treatment.

884

Arg Neuropsiquiatr 2016;74(11):881-886


http://www.ncbi.nlm.nih.gov/pubmed?term=Hillebrandt S%5bAuthor%5d&cauthor=true&cauthor_uid=15995705
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu B%5bAuthor%5d&cauthor=true&cauthor_uid=21762495

The C5 gene is located in 9933-q34, which encodes
the fifth component of complement. C5 rs17611 polymor-
phism is associated with many diseases. Woehrl et al. found
that the C5 rs17611 is associated with unfavorable disease
outcome in patients with bacterial meningitis'®. Recently,
Giles et al. showed that individuals homozygously (GG) ex-
pressing the C5 rs17611 allele exhibit increased C5a and
decreased C5 in plasma”. In this study, they explored the
functional consequences of an SNP (rs17611) encoding a
V802I polymorphism in C5. Impact of the SNP on C5 func-
tionality was assessed. Plasma C5a levels were significant-
ly increased and C5 levels significantly lower with a higher
copy number of the risk allele (G) for rs17611, suggesting
increased turnover of C5 V802.

The effect of C5 polymorphisms on the risk of stroke
in Chinese patients has not been reported so far. Our re-
search showed that the overall distribution of C5 rs17611
polymorphism was not associated with the risk of IS; how-
ever, when patients were divided into subtypes, we found
a statistical difference between the LAA-subtype IS and C5
rs17611 gene polymorphisms in both GG genotype and G al-
lele. Thus different genetic pathophysiological mechanisms
seem to be associated with different stroke subtypes®. Our
observations are partly in agreement with previous studies
in Austrian stroke patients. Greisenegger, et al. found a sta-
tistically significant association between the C5 genotype
and the risk of IS in Austrian participants®. Our study differed
from the German population in which associations between
the C5 gene polymorphism was not found to be significant in
German participants®.

There are also some studies that prospectively inves-
tigated the effect of C5 rs17611 polymorphisms on stroke
outcome. No association was observed between C5 rs17611
and six-month mortality after intracerebral hemorrhage®.
However, Hoke et al. thought the C5 rs17611 GG genotype
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