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Background: It is still unclear which genetic factors have a role in stroke. Studies have found that Ala54Thr of Fatty Acid-
Binding Protein 2 (FABP2) was associated with stroke risk. This study aimed to determine whether polymor-
phism Ala54Thr of FABP2 is associated with stroke risk in the Hunan Han population of China.

Material/Methods: A total of 206 cerebral infarction (Cl) patients, 185 cerebral hemorrhage (CH) patients, and 172 controls were
enrolled in this study. Ala54Thr genotyping was done by polymerase chain reaction (PCR) and restriction frag-
ment length polymorphism (RFLP).

Results: No significant difference was observed in genotypic distribution of FABP2 Ala54Thr between the stroke group
(CI subgroup, CH subgroup included) and control group. In the stroke group, plasma triglycerides (TG) levels
of subjects who carried Ala/Thr, Thr/Thr were significantly higher than those carrying Ala/Ala. In the control
group, blood lipids were not significantly different among 3 genotypes of Ala54Thr. There was no significant
difference in blood pressure and fasting blood sugar between the stroke group and controls.

Conclusions: Our study showed that Ala54Thr of FABP2 may be not associated with stroke risk but may be associated with
plasma TG level of stroke patients from a Hunan Han population of China.
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Background

Stroke is well known as one of the most serious diseases en-
dangering human health. In recent years, with the aging of
population and lifestyle changing in China, the incidence and
mortality of stroke increased rapidly, causing huge burdens
to the economy, families, and society [1,2]. Stroke, as one of
complex diseases, is widely considered to be caused by inter-
action between genetic and environmental factors. For indi-
vidualized treatment and screening susceptible populations at
risk of stroke, it is important to find the key genes involved [3].

Fatty acid-binding protein 2 (FABP2) gene is located in 4926
and contains 4 exons interrupted by 3 introns. FABP2 gene en-
codes intestinal fatty acid binding protein, which is secreted
by small intestine epithelial cells and participates in uptake,
intracellular metabolism, and transport of long chain fatty ac-
ids [4]. Many studies have shown that Ala54Thr (rs1799883)
polymorphism of FABP2 is associated with stroke risk factors
such as type 2 diabetes mellitus, hyperlipidemia, carotid ath-
erosclerosis, metabolic syndrome, and cardiovascular diseas-
es [5-11]. Martinez-Lopez found that Ala54Thr was associated
with cardiovascular disease risk in Mexican obese subjects [12].
Wanby et al. reported that carrying the Thr allele of Ala54Thr
was a significant risk factor for internal carotid artery steno-
sis, together with diabetes [13]. Yamada showed that Ala54Thr
may be a risk factor for atherothrombotic cerebral infarction
with metabolic syndrome [14]. Carlsson et al. confirmed the
association of the FABP2 Thr54 allele with increased concen-
trations of cholesterol and triglycerides (TG) and reported that
it may increase susceptibility to stroke [15].

To the best of our knowledge, it has not been determined
whether Ala54Thr of FABP2 is associated with stroke risk in a
Chinese population. Therefore, we genotyped Ala54Thr to as-
certain whether this association exists in a Chinese Han pop-
ulation from Hunan Province.

Material and Methods

Subjects

This study was approved by the Medical Ethics Committee of
Xiangya Hospital (Changsha, Hunan province, China). All sub-
jects signed an informed consent. We enrolled 391 stroke pa-
tients in the Department of Neurology, Xiangya Hospital from
May 1, 2008 to February 28, 2009. They were divided into 2
subgroups: Cerebral infarction (CI) subgroup, 206 patients
(134 men and 72 women, average age 62.74+9.9 years); and
Cerebral hemorrhage (CH) subgroup, 185 patients (117 men
and 68 women, average age 58.9+11.7 years). All the stroke
patients were diagnosed through CT and/or MRI according
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with the Diagnostic Criteria of Fourth National Cerebrovascular
Disease Conference of China [16]. Patients with cerebral in-
farction caused by cardiogenic factors, arteritis, hematologi-
cal disorders, tumors, or cerebral vascular malformations were
excluded. Patients who took oral anticoagulants or contracep-
tives in the last 3 months, who were pregnant, or who had liver
and kidney diseases or autoimmune diseases were excluded.

Sex- and age-matched controls consisted of 172 healthy vol-
unteers (109 men and 63 women, average age 60.8+10.5
years), recruited over the same time period. Exclusion crite-
ria of the control group were: history of stroke or family his-
tory of stroke; liver or kidney diseases; hematological diseas-
es; and autoimmune diseases.

Blood biochemistry tests and genomic DNA extraction

For each subject, 3 ml of peripheral blood was collected for ex-
amination of fasting blood sugar (FBS) and blood lipids. Another
3 ml of the blood sample (EDTA anticoagulant) was used for
genomic DNA extraction by the phenol/chloroform method.

Genotyping by PCR-RFLP

The primers for Ala54Thr genotyping were designed accord-
ing to the reference [17] and synthesized by Sangon Biotech
Co., Ltd., (Shanghai, China). The sequence of the primers was
5’-ACAGGTGTTAATATAGTGAAAAG-3’ (forward primer) and
5’-TACCCTGAGTTCAGTTCCGTC-3’ (reverse primer). The length
of the amplification product was 180 bp. PCR was conducted:
pre-denaturation at 94°C for 6 min, 35 cycles of denaturation
at 94°C for 35 s, annealing at 53°C for 30 s, then extension at
72°C for 30 s; and final extension at 72°C for 30 s.

An Hha | restriction enzyme cutting sites exists in the PCR am-
plification product of wild-type homozygotes. Variant of G—A
(Ala—Thr) can lead to loss of this enzyme cutting site [17]. We
took 5 ul of PCR product for digestion with restriction enzyme
Hha | (Biolabs Co., UK). The enzyme cutting reaction was incu-
bated at 37°C for 5 h, and 5 pl of reaction product was taken
for electrophoresis (0.5xTBE, 110 V, 45 min) on a 3% agarose
gel containing 0.5 g/ml ethidium bromide. Genotype detection:
wild-type homozygotes (Ala/Ala), with 2 fragments at 99bp
and 81bp; heterozygotes (Ala/Thr), 3 fragments with lengths
of 180bp, 99bp, and 81bp respectively; and only 1 fragment
for the mutant homozygotes (Thr/Thr) with length of 180 bp.

Statistical analysis

Genotypic and allelic frequencies were calculated using the
direct gene counting method. Statistical analysis was per-
formed using SPSS 18.0 software (SPSS Inc., Chicago, IL,
USA). The y2 test was used to determine Hardy-Weinberg
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Table 1. Demographic data of stroke patients and the control subjects.

Stroke group

Clinic characters (n=391)

Cl subgroup
(n=206)

CH subgroup
(n=185)

Control group
(n=172)

Mean age (years) 61.4+10.1 62.749.9 58.9+11.7 60.8+10.5
MenWomen 2’1190 a2 wes 09/63
CeMiGg/m)  23as25  23ss23 228827 225120
CsmokingNY) e1s 2114 sano1 6096
CDrnkingNY) 04287 sas2 sonss asn2r
CseP(mmHg  1sss2*  1sos4*  less2s* 130818
N o6 gsr1s o7t gos10
CfBs(mmol) 5908225 594247 5g0sle0  sslle7
CTC(mmov)  43sslso 4408134 4358128 425:080
Te(mmoV) 223142 23ssls3 203122 2108177
CHDL(mmol)  265:088 2733089 2421079 2453073
CDL(nmol) 1355055 1231044 1301039 1621034

Stroke group and 2 subgroups were compared with control group respectively. * P<0.05. Cl — cerebral infarction; CH — cerebral
hemorrhage; N — no; Y — yes; BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; FBS — fasting blood
sugar; TC — total cholesterol; TG — triglycerides; HDL — high-density lipoprotein; LDL — low-density lipoprotein.

equilibrium and to compare genotype and allele frequencies
between groups. The odds ratio (OR) and 95% confidence in-
terval (95%Cl) were used to indicate relative risk. Data are
expressed as y+s. Data from the groups were compared us-
ing the t test or analysis of variance. The threshold for sta-
tistical significance was P<0.05.

Results

Characteristics of subjects

The main clinical data of the stroke group and control group
are listed in Table 1. There was not significant difference in sex,
age, smoking history, or drinking history between the stroke
group (2 subgroups respectively) and control group (P<0.05),
but systolic blood pressures (SBP) and diastolic blood pres-
sures (DBP) were significantly different (P<0.05). Body mass
index (BMI) of the Cl subgroup was significantly higher than
in controls (P<0.05). High-density lipoprotein (HDL) level of the
stroke group (subgroups respectively) was significantly lower
than in the control group (P<0.05). TG and low-density lipo-
protein (LDL) levels of the Cl subgroup were significantly high-
er than in controls (P<0.05).

Distribution of genotypes and alleles

We enrolled 563 subjects in this study. Frequencies of genotypes
and alleles in both groups were compatible with the Hardy-
Weinberg equilibrium. Frequencies of 3 genotypes (Ala/Ala,
Ala/Thr, and Thr/Thr) in the stroke group were 45.0%, 43.0%,
and 12.0%, respectively, which were not significantly different
from the control group. Frequencies of 3 genotypes (Ala/Ala,
Ala/Thr, and Thr/Thr) in the Cl and CH subgroups were 44.2%,
42.7%, 13.1% and 45.9%, 43.2%, 10.8%, respectively. Frequencies
of allele Thr 54/Ala 54 in Cl and CH were 0.655/0.345 and
0.676/0.324, respectively. There was no significant difference be-
tween the 2 subgroups and the control group (P>0.05) (Table 2).

Ala54Thr and traditional stroke risk factors

As shown in Table 3, in the stroke group and in the control
group there was no significant difference in levels of FBS, BP,
TG, LDL, and HDL among the 3 genotypes (P>0.05). In the stroke
group, TG levels of subjects carrying Ala/Thr and Thr/Thr geno-
types were higher than who carrying Ala/Ala genotype (P<0.05).
In the control group, this difference did not exist among the
3 genotypes (P>0.05).

In Table 4 we merged genotypes Ala/Thr and Thr/Thr into Thr
(+) alleles and compared them with Thr () alleles (Ala/Ala). All
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Table 2. Genotypic and allelic frequencies of Ala54Thr in patients and controls.

Genotypic frequencies, n (%)

Allelic frequencies,%

Stroke group (n=391) 176 (45.0) 168 (43.0) 47 (12.0) 66.5 33.5

Clsubgroup (1=206) o1 442 | 88 (427) | 27 3) 655 45
CHsbugroup (n-185) | 85 (459) 80 (432 20 (08 &6 4
Controlgroup (1=172) 78 453) | 83 483 o644 695 305

Genotypic and allelic frequencies of stroke group and its 2 subgroups were compared with control group respectively. All P values
were >0.05. Cl — cerebral infarction; CH — cerebral hemorrhage;

Table 3. The relationship between genotypes of Ala54Thr and risk factors of stroke.

Groups Stroke group Cl subgroup
Ala/Ala (176) Ala/Thr (168) LTALTECY)) Ala/Ala (91)

SBP (mmHg) 154426 153425 155427 147+21 149+25 154426
DBP(mmHY) o216 gos1s o1x12 g7s14 g7217 o114
CFBS(mmoV) 5854198 5974230 5651094 5854225 598247  S75:L11
CTCmmol) 44a:129 4348142 4151092 4356128 4495145 4511093
TG (mmol) 2084148 250:140* 2326170 2114153 256:159*  240£186*
IDL(mmol) 2321085  258:087  267:073 245084 2794090 260£082
CHDL(mmolV) 1271036 147:044 1358032 | 1231033 115:048 1255019

Ala/Ala (85) Ala/Thr (80)

SBP (mmHg) 166127 164422 157424 131+17 132419 128+14
CoBP(mmHg) 100417 o6:14 gsrl0 g0 gosil 75612
CFBS(mmol) 5834138 586£196 5704084 543173 5634168 5356031
TCmol) 4394130 4174132 425:084 4231088 4295078 4274106
TG(mmol) 1974139 2156093 2204142 211£199  216+163 2034232
LDL(mmol) 2414082 2511079 2354063 2201072 2674076 2381082
CHDL(mmol)  136+042 1226033 125s059  176:038 1684029 1601028

Clinical data who carrying Ala/Thr, Thr/Thr were compared with those who carrying Ala/Ala in every group/subgroup respectively.
* P<0.05. Cl — cerebral infarction; CH — cerebral hemorrhage; SBP — systolic blood pressure; DBP — diastolic blood pressure;
FBS — fasting blood sugar; TC - total cholesterol; TG — triglycerides; HDL — high-density lipoprotein; LDL — low-density lipoprotein.

stroke patients were first stratified according to sex and then
stratified according to whether they were carrying Thr allele.
No significant difference between Thr (+) and Thr () (P> 0.05)
was found in sex, blood pressure, FBS, TC, or LDL levels. For
male stroke patients, TG level of Thr (+) was higher than Thr
(-) and HDL level of Thr (+) was lower than Thr (=) (P<0.05).
For female stroke patients, TG level of Thr (+) was significant
higher than Thr (-) (P <0.05).

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Multiple logistic regression model

Candidate variables such as sex, body mass index, smok-
ing history, drinking history, hypertension history, diabe-
tes history, SBP, DBP, TC, TG, LDL, HDL, and FABP2 Ala54Thr
genotypes were imported into multivariate logistic regres-
sion models. Stepwise regression method was used to fil-
ter out the risk factors. Stroke diagnosis was used as the
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Table 4. Stratified analysis of stroke group.

Male stroke patients Female stroke patients

Clinical data

Mean ages (years) 62.2+11.6 60.7+10.9 60.9+11.1 61.3+12.3
CeMikgm) 2n225 ns27 n82s 23123
CseP(mmbg) 15205 g6 15826 161026
CDBP(mmHg o317 sss16 o0s14 o116
CRes (mmol) so7eles seselgr 581243 5758268
TCemoy a1gs121 a10s144 ag6s131 asas1ss
TG mo) 2008168 2306134 2220000 2450158
oL moy 237073 251083 2461095 2626090
CHDL(mmol)  144:026 L1041 135:025 1408020

Stratified analysis was made according to different gender, carrying Thr54 allele or not in stroke groups. Comparisons were made
between the same genders. * P<0.05. BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure;
FBS — fasting blood sugar; TC - total cholesterol; TG — triglycerides; HDL — high-density lipoprotein; LDL — low-density lipoprotein.

Table 5. The logistic regression model of main stroke risk factors.

Variables Coefficient P values OR 95% Cl
Gender 0.244 0.308 0.838 0.621-1.143
BMIGgm) o044 o022 1565 0727-3371
Smokinghisty o811 0ss 2574 13734824
Drinkinghistory 0546 o1 2191 07273371
Hypertension history 2971 0000 9517 10836-35.154
Diabetes history 0266 o487 1305 06162763
e os& o5 1702 0790-3667
o o096 0003 251 13664764
‘t¢ o4 o4 oes  0359-1158
%6 o3 o000* 2517 1823-3475
o0 —om5s o7 082  0480-1655
WL -13%3  o0o001* 0272 0126-0589
 Genotypesof Alas4Thr 0153 05% 1858 0487-1512

Stepwise regression method was used. Variable inclusion and exclusion criteria were o, =0.10 and o ,=0.15. * P<0.05. 95% Cl — 95%
confidence interval; BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; FBS — fasting blood sugar;
TC - total cholesterol; TG — triglycerides; HDL — high-density lipoprotein; LDL — low-density lipoprotein.

dependent variable. Variable inclusion and exclusion criteria Discussion

were o, =0.10 and @ ,=0.15. Our results showed that hyper-

tension history, TG, and DBP were risk factors; HDL present- In recent years, many studies have found that polymor-
ed as a protective factor; other candidate variables (includ- phisms of FABP2 gene were associated with several diseases.
ing Ala54Thr genotypes) did not enter into the model. The Polymorphism Ala54Thr of FABP2 was found to be relevant to
results are shown in Table 5. insulin resistance by Baier et al. in 1995 [5]. This variant was
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reported to be associated with insulin resistance and type
2 diabetes mellitus in white populations in the USA and in
Canada, but this association was not confirmed in Finland or
Chile [18-25]. Other studies showed that Ala54Thr is related
with lipid metabolism disorders. Several studies found Thr54
allele was significantly associated with higher levels of TC and
LDL and lower level of HDL [26,27]. Other studies found that
genetic variation in FABP2 may thus lead to individual varia-
tion in the response of plasma lipids to different dietary habits
[28,29], thus dietary patterns may interact with FABP2 variants
to affect metabolic differences and susceptibility to disease.

In the present study, PCR-RFLP method was used to genotype
Ala54Thr in the stroke group and control group. There was no
significant difference in frequencies of genotypes and alleles be-
tween the 2 groups, suggesting that the Ala54Thr polymorphism
of FABP2 gene may not be associated with increased risk of stroke
in a Han population in Hunan China. However, this conclusion
is in contrast to that of the study by Yamada [14]. We speculate
that the reasons for this are: Firstly, difference in ethnicity and
diet habits probably influence the effect of Ala54Thr polymor-
phism of FABP2 on stroke susceptibility. Secondly, we also built
a multiple logistic regression model of stroke, which showed that
hypertension history, DBP, TG were risk factors for stroke; HDL
was a protective factor for stroke; and Ala/Thr, Thr/Thr genotype
did not enter the stroke risk factors logistic regression model.
These findings suggest that Ala54Thr of FABP2 may be unrelat-
ed to the pathogenesis of stroke and that Ala54 allele may not
be an independent risk factor of stroke for the Han Chinese pop-
ulation in Hunan. Thirdly, this may be attributable to the small
sample sizes. Larger samples are needed to confirm the associ-
ation between Ala54Thr genotypes and stroke risk.

Accumulating evidence shows that Ala54Thr is closely associ-
ated with dyslipidemia. In the Framingham population, Galluzzi
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found that Thr54 allele of FABP2 was related with high serum
levels of TC and LDL among women and was associated with
high serum levels of LDL and ApoB in men [8]. In our study, in
the stroke group, TC level of those carrying Ala/Thr, Thr/Thr
genotypes of FABP2 was significantly higher than in those car-
rying Ala/Ala. There was no significant difference in TC, LDL,
and HDL levels among the 3 genotypes (Ala/Ala, Ala/Thr, and
Ala/Thr). In the control group, those 3 genotypes did not af-
fect the fasting blood lipid levels. Stratified analysis was con-
ducted based on sex and genotype. Male stroke patients with
Thr (+) alleles had a higher TG level and lower LDL level than
those with Thr (-) alleles, but for female stroke patients, only
TG level of those with Thr (+) alleles was significantly higher
than in those with Thr (-) alleles.

These results indicate that polymorphism Ala54Thr of FABP2
gene is really related with dyslipidemia of stroke patients. The
mechanisms of this association are probably that Ala/Thr and
Thr/Thr enhance the affinity of long chain fatty acids, promote
the synthesis of fatty acid uptake and oxidation and triglycer-
ide of the small intestine, thus increasing the fasting and post-
prandial plasma TG levels of [5]. Further studies are needed to
understand the underlying mechanisms.

Conclusions

Although our study found an effect of Ala54Thr on plasma TG
level of stroke patients, this variant had nothing to do with
stroke risk. Further research with larger sample is warranted to
determine if Ala54Thr of FABP2 is associated with stroke risk.
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