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The present study was focused on the assessmen#@?@H functional
polymorphism of the complement alternative pathwagulator, factor H, in
ischemic stroke. For this purpose comparative detetion of the blood serum
levels of total factor H and its 402H and 402Y w=ats in 39 patients with ischemic
stroke and the same number of age- and sex-mathkatthy subjects was
performed. In addition, the correlation betweersthparameters and blood level of
C-reactive protein was assessed, and genotypeeinegwof Y402H polymorphism
among patients with ischemic stroke and healthyviddms were determined. The
results obtained suggest implication of factor Hrtigularly its 402H variant, in
postischemic inflammatory response.

Ischemic strok- factor H — Y402H polymorphism C-reactive protein

Stfyur) wphuunnuitipp mynyus E qiwhuntym nudyykubkinnh uygpunpuiipuyhtt mnm
Yupquujnppsh® H gnpénuh Y402H  pmiblghnty  wnjninpdhqup  hotadhly Yupdush
dunfwitiuly: Ujn tuquunumualyny hpugnpdfly & H qonpéntih, tpur 402H b 402Y wnwppbpuiljitiph
dwljuprujutph hwdbdunwlut npnonudp 39 hotiuhly Yupduény hhquimitph b tpubg
ubpn] m hwwwlny hudwgunuupiuing tngl putulfh - wpnne widwtg wpput
oh&mlynud: Pugh npuitihg, quthunngty £ il npnoqws sunhwithpibph bt wipyuitt Uk C-
nhuljnpy] uyhnwlynygh dwljwppujutph dholt hwdwyuunwupuwinipyniip, npooty &
Y402H wyn hiinpdbhquh hwdwpiuljutini pymiin hhuitiqibph b wnnngubph unn: Uunmugdus
wpryniiptbpp Juymd b, np H gqopénbp, dwubunjnpuubu hp 402H wnwppbpualyp,
ukpgpuiyyus £ htnhpbuhly pnppnpuyhtt wjunnuupautth dky:

Pokudply juypijus (H gnpdnl ( Y402H wynjpunpphqul ( C-nkulinpy uygpinulingg

B Hacrosmieil pabore mana ouenka Y402H (yHKIMOHANIBHOrO MONMMOp-
¢usma perynsTopa anbTEpPHATHBHOTO NYTH KOMIUIEMEHTa, (akrtopa H, npu
nmemudeckoM uHCynbTe. C 3TOH Ienblo OBUIO IIPOBEACHO CPAaBHUTEIHFHOE
omnpezesneHue yposHeir dakropa H u ero 402H u 402Y BapuaHTOB B CBHIBOPOTKE
KpoBH 39 OOJIBHBIX UIIEMHUYECKMM MHCYJIBTOM U TAKOTO JKE€ KOJIMYECTBA 310POBBIX
JIML, COOTBETCTBYIOIINX OOJILHBIM 110 BO3pacTy u mnoiy. Kpome Toro, mposenena
OLICHKA KOPPEJINK MEXTy OIpENeIeHHBIMH IIapaMeTpaMu U ypoBHeM C-peak-
THUBHOTO OeJika, a Takxke ornpeaeneHbl yactotsl Y402H nmomumopdusma y 601bHBIX
U 370pOBbIX JUL. [loayueHHbIe TaHHbBIE CBUACTENILCTBYIOT O BOBJICUEHUH (hakTopa
H, B yactHocTu ero 402HBapuaHThl, B HOCTHIIEMUYECKUI BOCIIAIMTENBHBIN OTBET.
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The inflammatory response plays a decisive rolpathophysiology of ischemic
stroke (IS): on the one hand the response is gbiotgard the removal of necrotic tissue
from the ischemic area; whereas, on the other hiaed|arges the ischemic area and the
severity of disease [reviewed in 6]. In additidme systemic inflammation also plays a
central role in IS [reviewed in 6].

The complement system is a major mediator of inffetion. It is a cytotoxic
host defense system that normally functions to ieke foreign pathogens and to
opsonize necrotic and apoptotic cells. Activatioh complement by the classical,
alternative and lectin pathways generates opsomingphylatoxins, chemotaxins, and
membranolytic complexes. Complement dysfunctiorterations in its regulatory
mechanisms and undesirable activation, contributegpathology of many human
diseases by damaging tissue and promoting inflalomft, 14, 24, 27].

In multiple animal models of stroke it has beenvahdhat complement plays a
key role in stroke outcome, and complement depieioproves neurological function
after cerebral ischemia [reviewed in 6]. Few stadiacluding our own, demonstrated
increased complement activities, levels of completho®@mponents and their activation
products in the central nervous system and cinculafter human IS onset [2, 9, 13, 20,
26]. It has been proposed that decreased expressimomplement regulators is a
possible mechanism of tissue damage during isclza¢h®, 21]. However, data on
complement regulators in stroke are very limited.

Complement factor H (fH) is the major fluid-phasgulator of the alternative
pathway of complement and plays a key role in adiiig complement activation [4,
14, 24, 27]. Within the fH molecule there are birglsites for C-reactive protein (CRP)
[7, 8, 11], systemic inflammatory marker [reviewiad?2], predictor of risk of coronary
events [5, 18], and indicator of IS severity antcome [reviewed in 6, 19]. Aommon
T—C single nucleotid@olymorphism(1277T>C) in exon 9 of the fH gene (rs1061170)
resulting inTyr(Y)}to-His (H) substitution at position 402 (Y402H) of the fH poéptide
chain, has been shown to associate with some @deeanditions characterised by
altered inflammatory response, including atypicaimolytic uremic syndrome, age-
related macular degeneration (AMD), and coronarthdisease [15, 17, 23, 30]. The
Y402H polymorphism occurs in the SCR7 region of ge@e which has the overlapping
binding sites for CRP [7, 8, 11]. It has been shawat carriers of 402H have an
increased risk for cardiovascular mortality and AMIDd the association of the Y402H
polymorphism with increased CRP levels has beearteg [12, 15, 17, 30]. Two reports
were focused on association of Y402H polymorphisitth WS, and the results obtained
are controversial [23, 28].

Our previous studies demonstrated alterations & dhiernative complement
pathway [2, 3] in IS. In the present study we perfed comparative determination of the
blood levels of total fH and its 402H and 402Y eats in patients with IS and healthy
subjects. In addition, the analysis of correlatlmetween these parameters and blood
level of CRP was performed, and genotype frequesfc§H Y402H polymorphism
among IS-patients and healthy subjects was studied.

Material and MethodsThirty nine patients (females 27; mean age + SD1&@Aears) with
acute IS symptoms developed within 24 hours andstme number of sex- and age-matched
healthy controls entered the study. The patient® wecruited from “St. Gregory the llluminator”
Scientific Medical Center of the Ministry of Healtf Armenia. Stroke subtype was classified
according to TOAST definitions [1]. Eight patiettad cardioembolic stroke, and 31 - large vessel
atherothromboembolic stroke. Stroke severity wawrest using the US National Institutes of
Health Stroke Scale. In this trial, patients witbdarately severe baseline strokes (median score
17; lesion volume + SD 65541+63745Mmvere involved. Diagnosis of IS was based on céihi
history and neurological examination and was camél by brain computed tomography (CT)
imaging and basal laboratory tests. Thirty two gr@s presented anatomically relevant CT
hypodense areas in subcortical parts of caftblemispheres and 7 in brain stem. Twenty eight
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patients had hyperlipidemia, 18 had hypertensidra@arterial fibrillation, 10 had coronary artery
disease, and 8 had diabetes mellitus; 19 patiemt® wurrent smokers, and 9 were alcohol
consumers. Three patients previously had strokel@ngiatients had positive family history of IS
(6 - maternal heredity, 7 paternal heredity)Thirty nine age- and sex-matched healthy volunteers
without family history of 1S, myocardial infarctiprand diabetes mellitus served as a control
group. No special studies have been performedsesashe progress of atherosclerotic process in
the healthy subjects group. Subjects with conctidieseases or conditions interfering with the aim
of this study, such as inflammatory, infectious,amtoimmune diseases, vasculitis, myocardial
infarction, cancer, hematological diseases, sexemal or liver failure, gynecologic or urologic
diseases, any surgical interventions within thevipes 12 months, and those on immuno-
modulator drugs, were not included in the study.stibjects were Armenians living in Armenia.
Informed consent was obtained from all study pagudiots or their legal representatives. The
Ethics Committee of the Institute of Molecular Rigy has approved the study.

Blood sampling of IS-patients was performed at &dion, before any medication was
applied. Practically fasting blood samples werdectéd by venipuncture at 9:00-10:00 a.m. (first
sampling) in appropriate tubes and kept on icesfbmin. After that the blood was centrifuged at
3000g for 15min at % to separate serum from blood corpuscles. Theirsstaserum samples
were stored in aliquots at -%D and thawed immediately prior to use.

Concentrations of total fH and fH 402H variant imetserum of study subjects were
measured by in-house enzyme-linked imunosorberayaSLISA) as described earlier [9] on
“Stat Fax 3200” (Awareness Technology Inc., USApaatus in 96-well microplates at 492 nm.
Concentration of fH 402Y variant was calculatedsmptraction of fH 402H variant level from
total fH concentration and expressed in milligrames 1 liter of serum (mg/L). The ratio of 402H
and 402Y levels was used to identify genotype feagy of Y402H polymorphism as described
earlier [9].

Concentration of CRP was measured by immunonepletamassay on a BN Il analyzer
(Dade Behring, Germany), using commercially avddakits (Dade Behring, Germany), as
described by the manufacturers. Concentration d? @Rs expressed in milligrams per 1 liter of
serum (mg/L).

SNPanalyzer web-based software [29] was used forpeessential statistical analyses of
genotype and allelic frequency data. The distrimgi of genotypes for all studied SNPs were
checked for correspondence to the Hardy-WeinbergMHequilibrium. Allelic (gene) and
phenotype frequencies in the patients and contmligs were compared. Allelic and phenotype
frequencies were calculated according to the olesemumber of genotypes. The significance of
differences between phenotype and allele frequengieboth groups was calculated using
Pearson’s Chi-square test.

For analysis of the total fH, its variants and CRRels “Graphpad Prism” (GraphPad
Software Inc., USA) software was appli€toup statistics, otherwise indicated, was exprksse
mean+SD. The unpaired two-tailed Studentgedt was used for evaluation of intergroup
differences in the levels of total fH, its 402H a#@RY variants, and CRP. Pearson’s correlation
coefficient (r) was calculated to assess relatipsshetween measured parameters. P values less
than 0.05 were considered significant.

Results and DiscussionWe observed a significantly increased serum legéls
total fH in IS-patients compared to controls (2944.8 vs. 265.6128.4; p=0.0042).
According to the results obtained, genotype fregigsnof fH Y402H polymorphism in
IS-patient and control subjects did not differ giigantly from each other (p>0.5).
Further analysis showed that the levels of 402Hawarwere significantly higher in
heterozygous IS-patients compared to control stilfjee0.024), whereas no difference
in 402Y variant levels between [S-patients and rgubjects was observed (p>0.05).
In case of patients, we found no difference betwgal fH levels of mutant variant
carriers (YH+HH) and standard variant homozygo¥¥)((296.6+50.4 vs 293.0+41.9;
p>0.05), whereas in control subjects the totalleweéfH in YH+HH were significantly
lower than YY (255.0+24.4 vs 283.2+27.32; p=0.09he results obtained are
summarized in Table 1 and Figure 1.

The data are expressed as whisker box plots; tRerduresents the 25th—75th
percentiles, the median is indicated by a horiddmga across the box, the whiskers on
each box represent the 10th—90th percentiles.
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Table 1. Genotype, allele, and carriage frequency of fH Y4@dlymorphism
among IS-patients and healthy controls

Controls Patients
Target Absolute number Absolute number P
(Relative number, %)  (Relative number, %)
YY 14 (0.36) 13 (0.33) >0.05
Genotype  HY 22 (0.56) 22 (0.57)
HH 3(0.08) 4 (0.10)
Alld Y 50 (0.64) 48 (0.61) >0.05
€ H 28 (0.36) 30(0.39)
Carri Y 36 (0.92) 35 (0.90) >0.05
arrage 25 (0.64) 26 (0.67)
500
402H, p = 0.024 402Y, p >0.05
400 —_
-
B0 300
3 T
E 200 T
w T -

patients controls patients controls

Fig. 1. The levels of fH 402H and fH 402Y variants in tHedul of
heterozygous IS-patients and control subjects.

We found significantly higher serum CRP levels Brgatients compared to
controls (23.3+17.6 vs. 4.25+2.2, p=0.00002). Theels of CRP in the serum of fH 402
heterozygous |S-patients correlated with the levelsfH 402H variant (r=0.52,
p= 0.002), but not with the fH 402Y variant levéis= -0.06, p=0.731). No correlation
was observed between the levels of CRP and fH marin control subjects (402H:
r=0.02, p = 0.97; 402Y: r =0.35, p=0.28).

In this paper we focused our attention on Y402Hcfiomal polymorphism of
complement alternative pathway regulator, fH, irbiSevaluating the levels of total fH,
and its 402H and 402Y variants in the blood of gqa8 with IS and healthy subjects.
The data obtained demonstrated that in IS-patidetdevels of total fH are higher than
in controls due to increased levels of its 402Hantwariant, which may be responsible
for alterations in the alternative complement cdscademonstrated in our previous
studies [2, 3].

As it was mentioned in the introduction, the dagkevant to association of fH
Y402H genetic polymorphism with IS, presented anlywo reports, are controversial
[23, 28]. This discrepancy may reflect populatiaffedences of study subjects. Our
present data, indicating no association between2M4@olymorphism and IS in
Armenian population, are consistent with the onethi§ reports [23]. However, the
sample size of our studipes not allow definite conclusion.
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Our data also demonstrated positive correlatiowéen the levels of CRP in the
blood of fH 402 heterozygous IS-patients with teeels of fH 402H variant. That may
reflect diminished binding of denaturized CRP to46RH variant [10], since decreased
level of blood Ca2+ in IS [16] may promote CRP atemation [10].

Thus, the present findings clearly demonstrated theolvement of fH,
particularly its 402H variant in the developmentsgstemic postischemic inflammatory
response.
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