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1. INTRODUCTION
1.1. Stroke

Stroke is a common multifactorial disorder; théhpgenesis is very complex and both
environmental and genetic factors contribute toeit®logy. A stroke, also known as a
cerebrovascular accident (CVA), is a suddenly dmiah focal or global loss of brain
functions due to disturbance in the blood supplyhe brain. Rapidly developing symptoms,
which takes over 24 hours, or lead to death oepéati

As pathological viewpoint, the disease can besdias into two subgroups according
to the manner of development: thrombotic or embipifarcts, and haemorrhagic stroke. All
stroke types comprise 83% ischemic atherothrombd®86, embolism: 24%, lacunar
infarcts: 23%; 10% intracerebral haemorhage (breiemorhage), and not more than 7%
subarachnoidal haemorrhage.

The primary (the prevention and screening of rigktors, treatment) and the
secondary (prevention of development newer stre&eeening and care of people at risk of
development stroke) prevention have an importamdleda successful treatment of stroke.

In my PhD work, the associations between gene npotghisms and circulating
triglyceride-levels in Hungarian population wergestigated, moreover, its possible effect
on the development of stroke.

1.2. Risk factors

Acute ischemic stroke is a multifactorial disorderthe manifestation modifiable and
non-modifiable risk factors also play a role. Int@mn-modifiable risk factors gender,
population origin, age, hereditable factors, andvigus cerebrovascular disease in case
history are enrolled. Hypertonia, smoking, exaggpetaalcohol and drug consumption,
presence of diabetes mellitus, cardiovascular desabesity, and unfavourable lipid profile,
high cholesterol- and triglyceride levels are catergd as among modifiable risk factors. In
the manifestation of ischemic stroke other riskidex can take part: depression, migraine,
pregnancy and the postmenopausal interval, physneadtivity, plasma fibrinogen level,
obstructive sleep apnea, atrial fibrillation, arifieslent genetical factors impacts.

In several studies increased triglyceride leve&senproved as susceptible factor in
manifestation of cardio- and cerebrovascular dis,dhowever the role of triglycerides in
the development of disease is still under debate.



1.2.1. APOAS gene

The APOA5gene is located near tAeOAI-APOCIII-APOAIVgene cluster at 11923
chromosome as a member of the apolipoprotein fariie gene includes four exons, and
encodes a protein containing 366 amino acids. Adiiere polyadenylation results in two
transcripts, which are 1.3 and 1.9 kb length. APQuk&tein is a 39kDa weight molecule,
which is expressed in the liver. Then the proteisacreted into the plasma as the constituent
part of VLDL and HDL, where plays a central regatgtrole in the triglyceride metabolism.

In recent studies, 40 polymorphisms have beentiiteh in APOA5gene, however
among these, the most common natural variants, THeEL31C (rs662799), T1259C
(rs2266788), C56G (rs3135506) and IVS3+G476A (r&860) polymorphisms have been
repeatedly reported to associate with elevatedytegide levels. The T-1131C, as well as
IVS3+G476A were found to be independent risk fextior metabolic syndrome, just as
hypertriglyceridemia, additionally, numerous cardiad cerebrovascular disorders. While the
C56G and T1259C variants were proved as risk facfor cardio- and cerebrovascular
diseases.

1.2.2. GCKR gene

The glucokinase regulatory proteiGCKR gene, located on chromosome 2p23.3-
p23.2.GCKRIis 27 kb length, consists of 19 exons and encogestain of 625 amino acids,
which is 68 kDa. The glucokinase regulatory prot€BCKR) regulates the mechanism of
glucokinase enzyme of the liver. The glucokinagx@kinase 1V) enzyme plays a central role
in the glucose homeostasis of the blood. This emzyis1 a determinative glucose-
phosphorylase of the liver and the pancreaioells.

During the past few years, genome-wide associaiodies (GWAS) have identified
functional variants iIFGCKR gene associated with hypertriglyceridemia. Two tricesquent
polymorphisms were examined such as the intronk80894 variant and the exonic
rs1260326, which results a Leu/Pro change at amamb - position 446. Combining of the
APOA5 and GCKR gene risk alleles, an additive effect was provadd an association
between fasting triglyceride levels and hypertregigdemia showed.

1.2.3. MLXIPL gene locus

A Max-like-interacting-protein-like NILXIPL; or carbohydrate response element-
binding protein,ChREBP gene is 1.5 Mb lengthsMLXIPL is located in the WBSCR14
deletion region, at chromosome 7q11.23. The genepmsposed of 852 amino acids and
encodes a transcriptional factor. The human ChREBRXxpressed in multiple tissues,
particularly in liver, in adipose tissue, as wellia tissues of the brain and the intestinal tract.
In last years, genome-wide association studies (GWWAave correlated the plasma
triglyceride-level changes witMLXIPL locus In several studies, the impacts of triglyceride-
level increase of the major alleles of the rs17B8and rs3812316 variantsMLXIPL locus
were observed.



1.2.4. GALNT2 gene locus

The UDP-N-acetyl-alpha-D-galactosamine: polypeptidacetyl-galactos-aminyl-
transferase 2 (GALNT2) protein was purified fromnfan placenta, which was named as
GalNAc-T2. TheGALNT2gene is located at chromosome 1941-g42, inclu@esxtns, and
encodes a protein containing 571 amino acids, wiicé4 kDa protein. In recent GWAS
studies, the minor G-allele of the rs4846914 intromariant associated with elevated
triglyceride concentrations of the plasma.

1.2.5. ANGPTL3, CILP2 and TRIB1 gene loci

In last years an association has been detectedebéet dyslipidemia and the
rs16996148 (neaClLP2), rs17321515 (neafRIB1), rs12130333 (neakNGPTLJ variants.
Moreover, these loci were correlated with the mestdtion of cardiovascular diseases.

ANGPTL3 gene is located at chromosome 1pANGPTL3is expressed almost
exclusively in liver, and is presumed to functios a circulating inhibitor of lipoprotein
lipase, an enzyme regulating the plasma levelsrigfyterides and HDLs (high-density
lipoproteins).

The CILP2 gene is located at 19p13.11. The proteins’ relatiohpid metabolism is
not yet discovered. In a genome-wide associatiodystnvestigating Caucausian population,
a triglyceride level decreasing function of theG896148 polymorphism was described.

The human tribbles—1 gene is located at chromostq2é. The TRIB1 facilitates the
proteosome-dependent protein degradation. In aanAgialay population, the polymorphism
adjacent to thdRIB1locus (rs17321515) was associated with elevated ¢holesterol and
LDL-cholesterol and with increased risk of coronheart disease and cardiovascular disease.

2. AIMS OF THE STUDY
The aims of examinations in Hungarian population wth ischemic stroke:

1. Examination of the allelic distribution of variaraéthe APOA5 T-1131C (rs662799),
T1259C (rs2266788), C56G (rs3135506) and IVS3+G4{#i82072560); th&sCKR
C1337T (rs1260326) an@ALNT2(rs4846914) genes, as well as MeXIPL/TBL2
(rs17145738 and rs3812316) and ANGPTL3(rs12130333)CILP2 (rs16996148),
TRIB1(rs17321515) loci.

2. Study of the effect of the possible genetic comtiomaof APOAS5 GCKR genes, on
triglyceride-level changes, in patients and consabjects. Moreover, analysing the
possible associations with the manifestation afksr

3. Evaluation of GALNT2(rs4846914) gene variant and t&XIPL/TBL2(rs17145738
and rs3812316) polymorphisms’ effect on triglycerldvel alteration, and their
possible susceptible role in ischemic stroke.

4. Analysis of ANGPTL3(rs12130333)CILP2 (rs16996148)TRIB1(rs17321515) gene
loci, and possible association with the developnoéigchemic stroke.



3. MATERIALS AND METHODS
3.1. Examined patient population

The patients with ischemic stroke and the contashgles which enrolled in
studies, derived from our Department’s Biobankphging to the Central National Biobank
Network of Hungary Www.biobanks.hy and the Pan-European Biobanking and
Biomolecular Resources Research Infrastructure (BBMprogram kttp://bbmri.eu/bbmr)/
The governance, maintenance and management pasapithe Biobank had been approved
by the national Scientific Research Ethics Commjtiudapest (ETT TUKEB).

All of the stroke patients had a previously definstroke, or with an acutely
developing ischemic stroke were referred to ougpatclinic. All of the patients underwent a
detailed clinical scrutiny. The magnetic resonancgging (MRI) examinations were
performed within 2 days after the outbreak of syong to define precisely the affected areas.

After extensive neurological and MRI examinatitine patients were enrolled into
three stroke subgroups (TOAST). First subgroup istmatients who had large-vessel
infarcts (large-vessel patients), with corticalcerebellar lesions and/or brainstem infarcts or
subcortical hemispheric infarcts.

The next group created from patients with smadlse¢ occlusion on MRI, subcortical
hemispheric or brainstem infarcts. The third colwamtains all patients with cardioembolic
stroke or other non-specified etiologic stroke vdgtected, and one or more lacunar and
large-vessel infarcts were on MRI. The mixed-grazlpssification of the patients was
required because of the small sample number fratisstal point of view.

The control subjects (as their anamnesis) didsaffer from any stroke events, there
were no neurological alterations on MRI and CT iesmagFor the patients, age-matched,
healthy control subjects were selected randomly.

3.2. Applied molecular biology methods
3.2.1. PCR reaction

Our examinations were executed on genomic DNA,clwvhivas extracted from
peripheral EDTA-anticoagulated blood leukocytes, dystandard desalting method. The
amplification was performed by DNA-specific synticebligonucleotide primers, using
polymerase chain reaction (PCR).

3.2.2. RFLP method

After the digestion with restriction endonucleagée incubation was applied
according to the enzymes’ temperature requiremddising planning of the methods, all
were designed to include an obligate cleavage aitéhe amplicon in the amplified DNA
sequence thus enabling us to monitor the effica¢iendigestion.

3.2.3. Direct sequencing
To detect and define DNA sequences, direct segugmsethod was used to confirm

our results on ABI Prism 3100 Avant automated seqgee Winstar genetical program was
applied to analyse the data.



3.3. Statistical analysis

All clinical data are represented as mean + SEMn@ard error of the mean).
Kolomogorov-Smirnov test was used to determine diribution of variables. If the
variables showed Gaussian distribution, paramétsts were applied. For variables with no
Gaussian distribution, nonparametric tests werel.useall statistical analyses, for effective
differences among all groups were examined by KaliBkallis test. Pairwise analyses of
differences between groups in discreet clinical daldoratory parameters with normal
distribution, and to calculate odds ratios (OR}spécific combinations of two genes, ajéo
tests were used. Continuous variables with norrmstilution were analysed with Student’s
T-tests. For comparison of differences between ggadn continuous variables with skewed
distribution Mann-Whitney-U tests were applied.

Mann-Whitney-test was used for comparing diffeemnof clinical parameters between
group of patients and controls. Correlations weralysed and crude/adjusted odds ratios
(OR) were defined using multiple logistic regressinodel. The confidence intervals and p-
values of significance were established 95% an@ th0all analyses. All allele distributions
were in Hardy-Weinberg-equilibrium both in strok@gps and in controls.

4. RESULTS
4.1. Examination of GCKR and APOAS5 genes

We detected a significant increase of allele fegmies in the promoter region of
APOA5gene T-1131C variant, in the intronic IVS3+G476Aiaat, and in C56G variant
located in the third exon. According to the Oddi&satin all variants, in all stroke subgroups,
carrying minor alleles are associated with ischestioke, except the C56G variant, which
was not showed any significant difference in smablsel subgroup comparing the control
subjects. The T1259C polymorphism did not showigant difference compared to control
subjects. The rs1260326 (C1337T) varianG&KR gene showed similar allele frequencies
both in the stroke and control groups. Both in lgtrgatients and in controls the level of
triglycerides was elevated in #POAb5variant -1131C, 1259C, and IVS+G476A minor allele
carriers compared to the non-carriers. By contthstGCKR gene’s minor allele 1337T was
not associated with triglyceride level changesegitim stroke patients or in controls. Odds
Ratios were adjusted for age, gender, body magxjnschemic heart disease, hypertension,
diabetes mellitus, smoking- and drinking habitsolm study, the adjusted ORs for carrying -
1131C, 56G, and IVS3+476A demonstrated an independsk for the development of
stroke. In contrast, we could not detect any assioci of the 1259C allele with stroke; in
addition, theGCKR 1337T allele did not exhibit a risk or protectimature for the disease
(Table 1.).

Beside single locus genetic analysis, we also deste effect of the specific
combinations ofGCKR C1337T andAPOAS polymorphisms. IndividuaRPOADS genotypes
were studied in combination witBCKRC1337T genotypes. We generated four groups for all
APOAS variants as follows: N&i337rNCr.11316 NCc133717Cr.11316  Ce1337rNCro1131¢c and
Cc13377Cr113:cwhere “NC” refers to the wild genotype; “C” mearsnying the minor allele
of the variant indicated.



Compared to individual ORs of the variants the tretarisk for ischemic stroke
conferred by the presence of their combinations svgsificantly greater in certain groups.
The relative risk for stroke was increased ky#7+Cr1131cin the small vessel group, in the
large vessel group, in the mixed group, and inaverall cohort; by €133717Civs+cazeain the
small and mixed groups as well as and in the whitntke cohort; and by dzs377Ccsesc in the
large-vessel group, in the mixed group and in thele/group of stroke patients. FogGs7+
Cr.1131clower ORs were seen in overall as well as in langé mixed-vessel groups. For the
other combinations we could not detect any chargjéscting the risk of the disease.
Although, for all the individuaAPOAS variants significant association with elevated -non
fasting triglyceride level was found in all strolseibgroups, for the specific genotype
combinations only €i3377Cri2soc Cc1337mCivs+cazea (Small, overall) and &s37rCcesec
(overall) showed the same effect (Table 2.).

The C1337T variant of GCKR gene has an effect aglytreride levels, impaired
fasting glycaemia, and have possible a risk of tfypabetes mellitus. Carrying the 1337T
allele showed elevated triglyceride levels and aigisk of dyslipidemia, but a lower fasting
plasma glucose rates and a lower risk for the qtibdty of hyperglycemia. In our studied
population the presence of diabetes mellitus coefemcreased risk for stroke in all stroke
subgroups (adjusted OR in small vessel: 3.69*angéd vessel: 4.537*; in mixed: 6.157*, in
overall: 4.395*%). Subsequently, we examined theafbf GCKR C1337T variant on stroke
patients with diabetes mellitus, the minor allele GCKR (1337T) in homozygous form
showed an increased risk for stroke in two subgso{ip small vessel group, in overall).
Because of the statistical low number of sample$ wiabetes mellitus, we are unable to
draw a far-reaching conclusions.

4.2 Examination of GALNT2 and MLXIPL gene loci

Both the triglyceride and the total cholesteralele of each stroke subgroup and the

overall stroke group proved to be significantlyhegthan those of the control group.
The allele frequencies observed among stroke pataid not significantly differ from those
of the control group for either polymorphic variaAtso, genotype frequencies were similar
to frequencies obtained in other populations amdita available in the International HapMap
Project’s databasew{vw.hapmap.orjy for the Caucasian CEPH population of European
origin. neither rs4846914-G, nor rs17145738-C,m8812316-C variants proved to be a risk
factor for the development of stroke disease in population sample. In addition,
homozygote status for the risk alleles of any ef tifree analyzed SNPs did not significantly
associate with the risk of stroke either (Table 3.)

For rs17145738, rs3812316 and rs4846914 the meaxl lipid concentrations did not
significantly differ in heterozygous and homozygaasriers from those of the non-carriers in
either the stratified stroke subgroups, or the alvstroke disease group (Table 4.).

4.3. Examination of ANGPTL3, CILP2 and TRIB1 gene dci

Examining variants, we could not detect any sigaifit differences in allele
frequencies comparing the stroke subgroups to tbmetrals, either for rs16996148,
rs17321515, or for rs12130333 polymorphisms. We rdid find any association between
serum triglyceride or total cholesterol levels asairying the functional variants analysed
(Table 5.). Nor did we find a significant changedisease risk in the carriers of rs16996148-
T; rs17321515-G, minor alleles after adjusting theltiple regression analysis (Table 6.).



Table 1. The effects on lipid parameters and logigt regression analysis of APOAS5 and GCKR gene vands

Stroke patients

Small-vessel Large-vessel Mixed Overall %o:nlt;ozl)
APOA5 (n=232) (n=139) (n=142) (n=513)
T-1131C TT TC+CC TT TC+CC TT TC+CC TT TC+CC TT TC+CC
(n=197)  (n=30+5) | (n=118) (n=19+2) | (n=119) (n=19+4) | (n=434) (n=68+11) | (n=159) (n=12+1)
Triglyceride (mmol/l) 1.68+0.04 1.97+0.15% 1.73+0.06 2.11+0.20* 1.72+0.04.99%+0.17*| 1.70%0.03 1.92+0.09% 1.51+0.04 1.8448.1
OR* 1.937 2.81% 3.53% 2.929
(1.026 — 4.541) (1.114 — 7.104) (1.421 — 8.781) (1.418 — 6.051)
T1259C
TT TC+CC TT TC+CC TT TC+CC TT TC+CC TT TC+CC
(n=190)  (n=40+2) | (n=113) (n=25+1) | (n=112) (n=28+2) | (n=415) (n=93+5) | (n=145) (n=27+0)
Triglyceride (mmol/l) 1.67+0.04 1.97+0.12% 1.73+0.07 2.00+0.14* 1.71+0.04.94+0.14*| 1.69+0.03  1.89+0.074 1.50+0.04 1.6940.C
OR* 1.211 1.204 1.952 1.466
(0.616 — 2.381) (0.560 — 2.588) (0.932 — 4.091) (0.838 - 2.566)
IVS+G476A
GG GA +AA GG GA +AA GG GA +AA GG GA +AA GG GA +AA
(n=201) (n=30+1) (n=125) (n=14+0) (n=121) (n=20+1) (n=447) (n=64+2) (n=163) (n=9+0)
Triglyceride (mmol/l) 1.67+0.04 2.05+0.16* 1.73+0.06 2.28+0.21* 1.70+0.0@.09+0.17*| 1.69+0.03 2.00+0.09% 1.52+0.04 1.8040.1
OR* 2.439 1.888 3.893 3.173
(1.272 — 6.120) (1.252 — 5.464) (1.445 - 10.489) (1.408 — 7.150)
C56G
CcC CG +GG CcC CG +GG CcC CG +GG CcC CG +GG CcC CG +GG
(n=205)  (n=25+2) | (n=118) (n=21+0) | (n=121) (n=20+1) | (n=444) (n=66+3) | (n=160) (n=12+0)
Triglyceride (mmol/l) 1.64+0.03 1.95+0.13% 1.74+0.06 2.02+0.14* 1.73+0.064.91+0.12*| 1.69+0.03 1.96+0.08% 1.52+0.04 1.66483.C
OR* 2.156 2.873% 2.939 2.316
(0.836 — 5.561) (1.086 — 7.601) (1.079 — 8.010) (1.059 — 5.067)
GCKR
C1337T CC CT+TT CcC CT+TT CcC CT+TT CcC CT+TT CcC CT+TT
(n=55) (n=125+52)| (n=34) (n=77+28) | (n=34) (n=77+31) | (n=123) (n=279+111)| (n=48) (n=80+44)
Triglyceride (mmol/l) 1.63+0.06 1.68+0.04| 1.79+0.12  1.78+0.07 1.94+0.12 .7040.06 | 1.76+0.06 1.72+0.03] 1.58+0.09  1.51+0.
1.585 1.231 0.976 1.289

OR?*

(0.867 — 2.899)

(0.638 — 2.374)

(0.498 — 1.914)

(0.790 — 2.104)

04

Values are means + SEM. Triglycerides and seruat tbhiolesterol levels are mmol/l. *p<0.05 vs. n@mriers.
# Adjusted OR (95% CI) for differences in age, ggm@MI, total serum cholesterol, hypertensionpdias mellitus, ischemic heart diseases, smokangd-drinking habits.

*p<0.05 vs. controls.




Table 2. The effects on lipid parameters and logi&t regression analysis of special genotype combimans of APOA5 and GCKR gene

GCKRC1337T -APOA5T-1131C

GCKRC1337T -APOA5T1259C

GCKRC1337T -APOA5 IVS+G476A

GCKRC1337T -APOA5C56G

NCC1337TN CT—llSlC

CC1337TCT-1131C NCC1337TNCT1259C C(21337'I'CT1259(: NCC1337TNCIVS+G476A CCl337TCIVS+G476A NCC1337TNCCSBG CC1337TCCSGG
o (n=47) (n=25) (n=44) (n=31) (n=48) (n=24) (n=50) =p2)
o o N
C_Ecs éﬁ TG 1.65+0.05 1.79+0.13 1.67+0.06 1.88+0.10* 1.67+0.06 1.92+0.12* 1.60+0.06 1.96+0.16
? > i':', OF 1 2.809* 1 1.483 1 4.400* 1 2.200
(1.189-6.631) (0.727-3.028) (1.545-12.533) (0.918-5.272)
o (n=28) (n=15) (n=27) (n=19) (n=30) (n=10) (n=31) =118)
i.’, § § TG 1.73+0.13 1.96+0.26 1.70+0.14 1.96+0.18 1.71+0.12 2.22+0.29 1.77+0.12 2.02+0.16
s o X 2.619* 1 1.481 X 2.993 1 2.903*
(1.010-6.790) (0.665-3.303) (0.911-9.447) (1.155-7.297)
. (n=27) (n=16) (n=25) (n=21) (n=27) (n=14) (n=30) ={7)
AN
';'ié S, TG 1.84+0.13 1.84+0.20 1.83+0.13 1.80+0.16 1.84+0.13 1.98+0.22 1.93+0.13 1.89+0.14
sg o X 2.897* 1 1.768 X 4.563* 1 2.833*
(1.124-7.467) (0.797-3.923) (1.477-14.096) (1.117-7.186)
R (n=102) (n=65) (n=96) (n=71) (n=105) (n=48) (n=111) (n=57)
=m
g o TG 1.72+0.05 1.86+0.09 1.72+0.06 1.88+0.08* 1.73+0.05 2.00+0.10* 1.74+0.06 1.95+0.09*
5\!:', OR* 1 2.780* 1 1.557 1 4.023* 1 2.568*
(1.267-6.102) (0.832-2.913) (1.501-10.783) (1.173-5.622)
sq (n=44) (n=9) (n=40) (n=19) (n=44) (n=5) (n=45) (n=9
= N~
= o
§ i':'/ TG 1.53+0.09 1.68+0.10 1.54+0.10 1.63+0.08 1.55+0.09 1.70+0.18 1.57+0.09 1.61+0.06

Values are means + SEM. Triglycerides and seruai tbilesterol levels are mmol/l. *p<0.05 vs. namriers.

.NC”: carrying of the wild genotype; ,C": carryingf at least one variant allele of the SNP markethé subscript.
OR relative to ,NC-NC” genotype, (95% Cl). *p<0.08. controls.




Table 3. The logistic regression analysis of varids of GALNT2 and MLXIPL gene loci

Stroke patients
Small-vessel Large-vessel Mixed Overall
(n=212) (n=127) (n=128) (n=467)
GALNT2rs48469140R
G carriers 1.021 (0.579-1.802)  1.801 (0.928-3.497)  1.277 (0.667-2.446)  1.318 (0.821-2.116)
GG homozygotes 1.104 (0.548-2.225)  1.202 (0.565-2.560)  1.214 (0.545-2.705)  1.174 (0.653-2.112)
MLXIPL rs17145738R
C carriers 3.933 (0.347 — 44.609 1.238 (0.119 —12.855 2.058 (0.146 — 28.985 1.877 (0.299 — 11.777
CC homozygotes 1.435 (0.762-2.702)  1.047 (0.524-2.093)  1.264 (0.616-2.593)  1.229 (0.734-2.055)
MLXIPL rs381231680R
C carriers 1.015 (0.138-7.459) 1.238 (0.119-12.855 0.226 (0.031-1.654) 0.682 (0.141-3.295)
CC homozygotes 1.825 (0.962-3.597)  1.085 (0.537-2.194) 1.653 (0.771-3.544)  1.354 (0.793-2.313)
# Adjusted OR (95% CI) for differences in age, gem@MI, total serum cholesterol, hypertensionpdtas mellitus, ischemic heart diseases, smokagd-drinking habits
*p<0.05 vs. controls.
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Table 4. The effect on lipid parameters of polymorpisms of GALNT2 and MLXIPL gene loci

GALNT?2 . . MLXIPL . . MLXIPL . .
14846914 Triglyceride Total cholesterol rs17145738 Triglyceride Total cholesterol 13812316 Triglyceride Total cholesterol
AA n=70 1.69+0.06 5.74+0.13 TT n=4 1.73+0.06 5.78+0.88 GG n=5 1.60.10 5.24+0.23
AG+GG TC+CC GC+CC
Small-
ngsa; " [y 1.68+0.04 5.94+0.09 nos4r15s  1.6820.03 5.87+0.08 iaele3 168003 5.89+0.08
wn
= (n=212)  AANn=36 1.64+0.09 6.08+0.21 TT n=2 1.05+0.15 6.15+0.75 GG n=2 1.05+0.15 6.15+0.75
T AG+GG TC+CC GC+CC
§ Large- | sqio7 1.87+0.08 5.88+0.13 N=284+97 1.81+0.06 5.93+0.11 n=25+100 1.82+0.06 5.93+0.11
QL vessel
g (n=127)  AA n=49 1.77+0.09 6.05+0.24 TT n=2 1.50+0.10 8.55+0.05 GG n=4 2.1+0.24 7.40+1.4
: AG+GG TC+CC GC+CC
Mixed
(o128) N=57+22 1.76+0.08 5.77+0.14 N=23+103 1.77+0.06 5.83+0.12 n=18+106 1.76+0.06 5.83+0.12
overall AAN=155 1.71+0.04 5.92+0.11 TT n=8 1.50+0.11 6.56+0.61 GG n=11 1.7+0.18 6.19+0.57
_ AG+GG TC+CC GC+CC
n=467
(n=467) 17405  1.76£0.04 5.88:0.07 | 10s4354  1.74%0.03 5.88:0.06 | —g7r369  1.74%0.03 5.88+0.06
Control AA n=55 1.63+0.08 5.31+0.12 TT n=3 1.47+0.15 4.97+0.98 GG n=3 1.47+0.15 4.97+0.98
(n=156) AG+GG TC+CC GC+CC
N=76+25 1.51+0.04 5.32+0.09 N=40+113 1.55+0.04 5.32+ 0.07 n=34+119 1.55+0.04 5.32+0.07

Values are means + SEM. *p<0.05 vs. non-carriefiglycerides and serum total cholesterol levelsmaneol/I.
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Table 5. Analysis of ANGPTL3, CILP2 and TRIB1 gendoci

Stroke patients

i Control
Small-vessel Large-vessel Mixed Overall (n=168)
(n=183) (n=135) (n=141) (n=459)
CILP2 GG TG+TT GG TG+TT GG TG+TT GG TG+TT GG TG+TT

rs16996148 n=152 n=29+2 n=117 n=18+0 n=124 n=17+0 n=393 n=64+2 n=145 n=21+2

Triglyceride ) ¢6.004 1.66£0.10 1.77+0.06 1.89+0.19 1.79+0.06 1.5640.15 1.74+0.03 1.700.08 1.55:0.04 1.43+0.08

(mmol/1)

TOta('rg:‘noo'ﬁBtem' 5.87+0.09 5.80+021 5.99+0.12 5.58+0.31 5.86+0.12 6.18+0.36 5.90+0.06 5.84+0.16 5.38+0.08 5.30+0.20
TRIB1 AA GA+GG AA GA+GG AA GA+GG AA GA+GG AA GA+GG
rs17321515 n=46 n=98+39 n=34 n=79+22 n=34 n=65+42 n=114 n=242+103 n=54 n=75+39
Tr}?ﬁﬁﬁ{,ﬂ?e 1.75+0.08 1.65+0.04 1.77+0.10 1.79+0.07 1.70+0.11 1.78+0.06 1.74+0.06 1.73+0.03 1.51+0.05 1.54+0.05
TOta('rg:‘noo'ﬁBtem' 5.73+0.19 5.90+0.09 5.99+0.18 5.91#0.13 5.65:0.26 5.98+0.13 5.79+0.12 5.93+0.07 5.31:0.13 5.40+0.09
ANGPTL3 cc TC+TT cc TC+TT cc TCHTT cc TCHTT cc TCHTT
rs12130333  n=118  n=59+6  n=92 n=39+4  n=91  n=45+5 n=301 n=143+15 n=114  n=44+10
Tr}?ﬁﬁﬁ{,ﬂ?e 1.70£0.05 1.63+0.06 1.79+0.08 1.78+0.10 1.78+0.07 1.73+0.08 1.75:0.04 1.70+0.05 1.51+0.05 1.58+0.06
TOta('rg:‘noo'ﬁBtem' 5.90+0.12 5.78+0.12 5.98+0.13 5.84+0.19 576+0.15 6.150.19 5.88+0.08 5.91+0.09 5.38+0.09 5.35+0.13

Values are means + SEM. *p<0.05 vs. non-carrietiglyicerides and serum total cholesterol levelsmaneol/I.
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Table 6. Logistic regression analysis of ANGPTL3, ILP2 and TRIB1 gene loci

Stroke patients

rs1213033¢<

OR*

(0.512 - 1.677)

(0.681 - 2.334)

(0.490 - 1.805)

Small-vessel Large-vessel Mixed Overall
(n=183) (n=135) (n=141) (n=459)
CILP2 Adjusted 1.641 0.824 0.598 1.050
rs16996148 OR’ (0.762 - 3.534) (0.341 - 1.993) (0.230 - 1.551) (0.556 - 1.983)
TRIB1 Adjusted 1.640 1.718 1.656 1.563
rs1732151f  OR’ (0.885 - 3.036) (0.876 - 3.370) (0.859 - 3.195) (0.965 - 2.533)
ANGPTL3 Adjusted 0.927 1.260 0.941 1.078

(0.669 - 1.737)

*p<0.05 vs. controls.

# Adjusted OR (95% CI) for differences in age, gam@MI, total serum cholesterol, hypertensionpdias mellitus, ischemic heart diseases, smokengd-drinking habits.
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5. DISCUSSION OF RESULTS AND CONCLUSIONS

5.1. Individual and combined role of APOA5 and GCKRgenes

The role of triglycerides in different occlusivascular diseases, including ischemic
stroke, has been under investigation for a londavResults are still controversial, and as the
delineation of the mechanism of triglyceride elewathas already begun, there might be a
chance for verification of the possible rolesAdfOA5andGCKR genes. In the postgenomic
era several new genes affecting the triglycerideabwism had already been verified, like the
APOAb5Svariants. These polymorphisms can influence thetfan of the protein transcript,
which can modify secondarily the interaction APOAS5 with the lipoprotein lipase and
eventually lead to increased circulating triglyderilevels. In the present study we could
confirm the previous findings regarding associaiomith triglyceride levels and stroke
susceptibility.

In the Diabetes Genetics Initiative (DGI) genomelevassociation study tHeCKR
gene (rs780094) showed a trend toward associatibnlewer fasting glycaemia, less insulin
resistance, and lower chance for the developmenypef Il diabetes had been verified. The
rs1260326 (Leud446Pro) is in connection with inceeaplasma triglyceride level, could
protect against fasting glycaemia and insulinermd ¢he minor allele (T) of rs1260326
variant in theGCKRgene could protect against diabetes mellitus type

The T-1131C, IVS+G476A and C56G variantsAPOAS5 gene had a significantly
increased allele frequency, and were associatdd sighificantly elevated triglyceride levels
in stroke patients collated with controls, suggestn association with the development of
ischemic stroke disease. By contrast, in cas8@KR gene (rs1260326) we could not detect
any difference in allele frequencies compared wahtrols; and also found a non-significant
triglyceride level rise and no increased risk fechemic stroke disease. Additionally, we
observed that in all stroke subgroups diabetesitoeNvas significantly associated with the
development of stroke disease, despite the smaibeu of cases.

In summary, in agreement with our previous restitts frequencies APOA5Sminor
alleles’ are higher in stroke patients than in oasf and we can conclude, there is a
relationship between the triglyceride-increase #mal variants studied. We could detect a
possible risk for the development of stroke in @mtion with theAPOAS polymorphisms.
However, we did not find any association betw&@KR variant and either the triglyceride
levels or the susceptibility for the disease, tluthe Hungarian population tH@CKR gene
polymorphism did not prove to be an independetktfastor. Examining the combinations of
four APOA5polymorphisms with th&CKRvariant, we found, that in certain subgroups, the
gene combinations showed significant correlatiothwie changes of triglyceride levels and
increased the risk for the development of stroke.
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5.2. Role of GALNT2 and MLXIPL gene loci

Although several studies already demonstrated that examined rs17145738 and
rs3812316 of theMLXIPL locus, and rs4846914 variant GIALNT2 polymorphisms cause
elevated triglyceride levels which constitute adependent risk factor for cardiovascular
diseases and it has relevance in atheroscleM&XIPL-related variant rs17145738 has been
found to contribute to elevated triglyceride levaisa multiethnic population (European,
South-Asian and Chinese ancestry and in an lItad@mort), although its correlation with
HDL-cholesterol, as it was suggested by Kathiremaah colleagues was not confirmed. Our
data did not reveal any association between rsI788land triglyceride- or cholesterol levels,
nor did we find an increased risk of stroke develept in our study population in the
presence of the risk allele.

Findings reported on the secomMLXIPL-related polymorphism rs3812316 are
similarly not consistent. The correlation betweeglyceride-level increase anMLXIPL
rs3812316 in a Japanese cohort could be confiredgever, these results could not be
replicated in their study conducted in a Centraldpean population. Here, in the Hungarian
patient group we also were not able to demonst@at®rrelation between rs3812316 and
blood triglyceride and total cholesterol valueswith the risk of ischemic stroke.

The rs3812316 SNP, located in an evolutionary exwesl domain oMLXIPL falls
within a region of high linkage disequilibrium thatludes rs17145738 as well. We believe
that the observed lack of association with trighae levels and stroke for botdLXIPL
SNPs validates our data as a result of their liekdigequilibrium.

The third variant, rs4846914 &ALNT2was initially described to exert an effect on
both triglyceride level increase and HDL-cholestetecrease, however, the contribution of
this polymorphism to changes in triglyceride lewstss not supported by additional reports.

We also could not find an association between48@84 and plasma triglyceride or
total cholesterol levels, either. In addition, veeikd not detect a correlation of stroke risk with
this possible susceptibility factor. Taken togettmir results suggest that in stroke patients
the polymorphisms rs17145738, rs3812316 and rs484@®e not associated with altered
triglyceride and cholesterol levels, and do nottdbate to the risk of ischemic stroke.

5.3. Role of ANGPTL3, CILP2 and TRIB1 gene loci

The examined polymorphisms rs16996148 (redrP2), rs17321515 (neafRIBJ),
and rs12130333 (ne&ANGPTLJ polymorphisms were reportedly associated withrekesed
triglyceride levels and dyslipidemia. Willer andlleagues published their results linking
these loci with coronary artery disease risk. ThE2030333 polymorphism is intergenic,
however it has high linkage tiNGPTL3gene showing triglyceride decrease, we could not
detect any decrease in triglyceride levels.

In a genome-wide association study, the rs1699gid@norphism near th€ILP2
locus had a triglyceride level decreasing functioowever, triglyceride lowering association
could not be replicated either on Japanese popualatr in our examined Hungarian
population.

After analyzing the human tribbles-1 gene locustidenot detect an association of the
rs17321515 variant with changes in triglycerideelsvor development of stroke. In summary,
in our survey, we did not find a significant coatbn between the polymorphisms analysed
and triglyceride level alteration in the Hungaropulation with ischemic stroke.
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6. CONCLUSION

l. Examining the natural variants of tidPOA5gene, in all stroke groups and control
subjects showed significantly increased plasmaytiagide-levels carrying 1131C, 56G,
IVS3+476A and 1259C alleles.

Il. Carrying the 1337T allele d6CKRgene, there was no plasma triglyceride alteration
in any stroke groups, moreover, the allele&SGKR debased the triglyceride level increasing
effect of APOA5gene polymorphisms’ in many cases.

[l Carrying the -1131C and IVS3+476A alleles 8POA5gene showed as independent
risk factor in all stroke groups. We observed thme in the case of C56G variant, exception
of small-vessel group. The T1259C polymorphismABOAS5gene and the C1337T variant of

GCKRgene did not verify as susceptible factor in theetlgpment of ischemic stroke.

IV.  Carrying the natural genotype combinations afion alleles of theAPOA5andGCKR
genes conferred risk for the development of isckestioke in different stroke groups, in the
following comnbinations:GCKR C1337T - APOA5 T-1131C; GCKR C1337T - APOA5
IVS+G476A ;GCKRC1337T -APOA5C56G. The genotype combination®CKR C1337T

- APOA5T1259C did not prove as an independent risk factor

V. We ascertained that in all patients with ischenstroke, the polymorphisms
rs17145738 and rs3812316MLXIPL gene locus, and the rs48469145ALNT2gene locus,
did not show any association with increased plasigé/ceride concentration, and did not
confer risk for the development of ischemic stroke.

VI.  The variants rs12130333 iANGPTL3 locus, rs16996148 irCILP2 locus and
rs17321515 infRIB1locus did not show any significant association egitith triglyceride
level changes, or with the susceptibility for thevelopment of ischemic stroke in Hungarian
population.
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