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THE INFLUENCE OF CAT-262 C/T POLYMORPHISM ON CATALASE
ACTIVITY IN PATIENTS WITH ISCHEMIC STROKE

Jelena Basic¢!, Vuk MiloSevic?, Milena Despotovic¢!, Tatjana Jevtovié-Stoimenov?,
Tatjana Cvetkovic!, Milica Zivanovié!, Miroslava Zivkovic?3, Dusica Pavlovic?

Although there is a disturbance of oxidative stress markers in acute ischemic stroke
(AIS), genetic contribution of -262C/T polymorphism of catalase (CAT) gene on plasma CAT
activity in this disease is not yet established.

The aim of this study was to investigate the distribution of CAT-262C/T polymorphism
in AIS patients compared to controls, as well as to evaluate whether this polymorphism can
influence plasma CAT activity.

A total of 34 patients with AIS and 32 healthy volunteers were screened for the CAT-
262C/T gene polymorphism using the polymerase chain reaction-restriction fragment length
polymorphism method (PCR-RFLP). Plasma CAT activity was determined using spectrophoto-
metric method according to Goth.

Although the patients with the diagnosis of AIS had a higher frequency of polymorphic
-262T allele in comparison to the group of healthy subjects, the difference was not statistically
significant (p = 0.117). CAT activity was significantly lower in the patients (12.95 + 2.86 kU/L)
compared to the controls (25.58 + 13.50 kU/L, p < 0.001). The patients carriers of the -262T
allele, showed significant decrease of plasma CAT activity (11.93 + 2.82 kU/L) compared to the
patients with genotype -262CC (13.99 + 2.59 kU/L, p = 0.039).

This is the first study examining the CAT-262C/T polymorphism and its influence on
plasma CAT activity in AIS. Bearing in mind that the presence of -262T allele in AIS patients
significantly decreased plasma catalase activity compared to CC genotype carriers, further
studies should be focused on the testing of the potential protective role of the -262CC genotype

in ischemic stroke.
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Introduction

Acute ischemic stroke (AIS) is an episode of
neurological dysfunction, caused by focal cerebral,
spinal or retinal infarction (1). Stroke is the third most
common cause of death, after cardiovascular disease
and cancer, and is the leading cause of disability in
the developed countries worldwide. Two-thirds of
stroke patients develop some form of cognitive im-
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pairment, and every fifth patient meets the criteria
for dementia (2).

A number of studies are focused on identifying
complex molecular mechanisms underlying cerebral
ischemia. The main cause of the reduced perfusion
and ischemic brain damage is thrombosis and/or
embolism. Impaired local cerebral blood flow leads to
reduced oxygen and glucose delivery, which results
in the disturbance of cell homeostasis and the sub-
sequent oxidative, nitrosative stress and inflamma-
tion. Numerous studies clearly demonstrate the asso-
ciation between the oxidative stress and the develop-
ment of neuronal cell death in brain ischemia (3, 4).
It is believed that there are several crucial factors for
the generation of reactive oxygen species (ROS), as
well as reactive nitrogen species (RNS) in the ische-
mic area of the brain. Among them, the most promi-
nent ones are the impaired mitochondrial function,
the activation of neuronal nitric oxide synthase
(nNOS) and the activation of neutrophils (5). The last
process leads to the activation of NADPH oxidase.
The reaction catalysed by this enzyme primarily ge-
nerates superoxide anion radical which, through dis-
mutation (a reaction catalyzed by superoxide dismu-
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tase - SOD) produces hydrogen peroxide (H20;). The
interaction of superoxide anion radical and H,O; leads
to the formation of the most potent OH* radical, which
causes cell damage and neuronal death (6).

To prevent damage, the cells contain antioxi-
dant enzymes (SOD, catalase and glutathione peroxi-
dase) which neutralize superoxide anions, hydrogen
peroxide and lipid peroxide. Catalase (EC 1.11.1.6)
(CAT), is an oxidoreductase, a tetramer of four iden-
tical subunits, each containing a polypeptide chain of
527 amino acids and a heme molecule. CAT is one of
the most active and most widespread enzymes (li-
ver, kidneys), localized in either peroxisomes or the
cytosol (red blood cells - RBC). It catalyzes the de-
composition reaction of H,0O, to water and molecular
oxygen (7). Although numerous studies point to the
increased production of ROS in AIS, the results of
antioxidant enzymes activities in this disease are
contradictory (8-10).

The CAT gene is located on chromosome
11p13, it has 13 exons and 410 genetic variations
identified so far (11). A large number of these varia-
tions results in disturbed CAT gene expression and
the change of its activity in RBC and plasma (7).
Genetic variation CAT-262C/T (rs1001179) is located
in the promoter region of the CAT gene. Although
the results of different studies showed the correlation
of this polymorphism with the risk of developing dia-
betes mellitus, breast cancer, hepatocellular cancer,
ulcerative colitis (12-16), its functional significance in
the ischemic stroke has not yet been established.

Aims

The aim of this study was to investigate the
distribution of CAT-262C/T (rs1001179) genetic va-
riation in the catalase gene in AIS patients, compa-
red to healthy subjects, and to examine the impact
of this polymorphism on patient’s plasma CAT acti-
vity.

Material and methods

The study was conducted on 34 patients with
ischemic stroke at the acute phase of the disease,
diagnosed and treated at the Clinic of Neurology, Cli-
nical Center NiS. Among them, there were 20 women
and 14 men, average age of 62.34 + 2.41. The con-
trol group consisted of 32 healthy subjects, whose
gender and age corresponded to those of the affect-
ed patients. The research was conducted at the La-
boratory for Functional Genomics and Proteomics,
Medical Faculty, University of NiS. The present study
was approved by the Ethical Committee of the Me-
dical Faculty University of Nis, Serbia (No 12-9808-
2/1).

Blood samples were taken within 7 days after
ischemic attack. From all the blood samples (with
EDTA as anticoagulant), we separated 200 pL of
blood, which was used for DNA isolation. The blood
samples were then centrifuged at 3500 rpm for 10
minutes at +4°C, after which the plasma was sepa-
rated and frozen at -80°C.

The isolation of DNA was performed using a
commercial kit for DNA isolation (Thermo Scientific
GenelET Whole Blood Genomic DNA Purification Mini
Kit, Thermo Fisher Scientific). We examined the poly-
morphism CAT-262 C/T, using the polymerase chain
reaction-restriction fragment length polymorphism
method (PCR-RFLP) (17).

The fragment of 185 base pairs (bp) was am-
plified using a forward (5'-AGA GCC CGC TCG CCC
CGG ACC G-3') and a reverse primer (5'-TAA CTG
GAG AGA CAT AAG AGC T-3'). The PCR reaction
mixture in a volume of 25 pL contained: 12.5 pL of
KAPA 2G Fast HS Ready-Mix PCR kit solution (KAPA
Biosystems, Germany), 0.5 pL of primer (10 pmol/
ML) (Fermentas GmbH, St. Leon-Rot, Germany) and
20 ng of DNA. The PCR conditions were: the initial
denaturation at 95°C for 2 minutes, followed by 35
cycles of denaturation at 95°C for 15 seconds, an-
nealing at 63°C for 15 seconds, elongation at 72°C
for 15 seconds, and termination at 72°C for 30 se-
conds. The amplified PCR products were visualized
under UV light after agarose gel (2%) electrophore-
sis.

PCR products were cut into smaller fragments
by Smal restriction enzyme (Fermentas GmbH, St.
Leon-Rot, Germany) at 37°C overnight and analyzed
by a vertical polyacrylamide gel (8%) electrophore-
sis.

Homozygous for the C allele (wild type) was
detected as two fragments of 155 and 30bp (geno-
type CC), while the polymorphic homozygous (TT)
was shown as one fragment (185 bp). Heterozygous
(CT) was confirmed by the presence of three frag-
ments on the gel (185, 155 and 30 bp).

The plasma CAT activity was determined by
Goth's spectrophotometric method (18), based on the
ability of CAT to decompose the substrate (H203),
whereby the enzymatic reaction was stopped by the
addition of ammonium molybdate, and the resulting
yellow complex of H>02 and molybdate was measur-
ed at 405 nm against the reagent blank. The enzy-
me activity was expressed in kU/L.

The frequency of alleles and genotypes in the
patients and controls was analyzed and compared
using x? test or Fisher exact test, but we also deter-
mined the possible deviation from the expected va-
lues of Hardy-Weinberg equilibrium tests for the pa-
tients and the control group. CAT activity in plasma
was expressed as mean £ standard deviation. The
statistically significant differences in values between
the patients and the control groups, as well as be-
tween the different genotypes within patients, were
determined by Student's t-test for two independent
samples. P < 0.05 value was considered statistically
significant. The statistical analysis was conducted us-
ing the SPSS software package version 20.0 (SPSS
Inc., Chicago, IL, USA).

Results

The frequency of genotypes of the CAT-
262C/T polymorphism does not deviate from the
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normal distribution of Hardy-Weinberg equilibrium in
patients and control groups (p > 0.05).

The results shown in Table 1 indicate that the
CC genotype was present in 16 (47%) patients, while
TT genotype was present in 4 (11.8%) patients.
Fourteen (41.2%) patients were heterozygous. The
distribution of genotypes of the CAT-262C/T poly-
morphism in patients with AIS did not show a statis-
tically significant difference compared to the control
group (x2 = 2.371, p = 0.306). Although the patients
with the diagnosis of AIS had a higher frequency of -
262T allele in comparison to the group of the healthy

subjects, the difference was not statistically signifi-
cant (x? = 2.453, p = 0.117; Table 2).

The plasma CAT activity in the patients with
AIS (12.95 + 2.86 kU/L) was significantly lower than
in the healthy subjects (25.58 + 13.50 kU/L, p <
0.001; Graph 1).

The patients, carriers of the polymorphic -
262T allele (CT and TT genotype), had a significantly
lower CAT activity in the plasma (11.93 + 2.82 kU/L)
compared to the CC genotype carriers (13.99 £ 2.59
kU/L, p = 0.039; Graph 2).

Table 1. Genotype frequencies of the CAT-262C/T polymorphism in AIS patients and controls

AIS Controls P value
Genotype
n =34 n =32 (x? test)
CcC 16 (47.0%) 21 (65.6%)
CT 14 (41.2%) 9 (28.1%) 0.306
TT 4 (11.8%) 2 (6.3%)

Table 2. Allele frequencies of the CAT-262C/T polymorphism in AIS patients and controls

AIS Controls P value
Allele
2n = 68 2n = 64 (x2 test)
C 46 (67.6%) 51 (79.7%)
0.117
T 22 (32.4%) 13 (20.3%)
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Graph 1. Plasma CAT activity in AIS patients and controls
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Graph 2. Plasma CAT activity in AIS patients with -262CC and -262CT/TT genotypes
of the CAT-262C/T polymorphism

Discussion

Although the CAT-262C/T polymorphism is
one of the most analyzed CAT gene polymorphisms,
there are no published data in regards to the role of
this polymorphism in AIS. The results of this study
showed no statistically significant differences in the
distribution of genotypes of this polymorphism in AIS
patients compared to the control group. Although the
frequency of polymorphic T allele was higher in the
patients than in healthy subjects, the difference was
not statistically significant.

The plasma CAT activity in patients with AIS
in this study showed a statistically significant decre-
ase compared to the control group.

Although it is known that oxidative stress is
one of the important pathophysiological mechanisms
in ischemic stroke and that it is followed by an in-
creased concentration of lipid peroxidation products
(malondialdehyde) (9, 10, 19, 20), the results of dif-
ferent studies regarding the antioxidative enzymes
activities in this disease are contradictory.

While one group of authors (10) found an in-
creased CAT activity in RBC, 24h, 7 days and 3
months after the ischemic stroke attack, Sheikh et
al. (21) did not find a significant difference in serum
CAT activity in patients with AIS compared to that of
the healthy subjects.

The results of this study are in agreement
with the data gathered by the three groups of au-
thors that found a significantly lower CAT activity in
the RBC of patients, 24 h, 3, 5 and 7 days after the
diagnosis of ischemic stroke, when compared to the
control groups (9, 22, 23).

It is assumed that in stroke patients oxidative
stress occurs not only because of the increased pro-

duction of ROS, but also due to the impaired antioxi-
dant defense system. CAT as an antioxidative enzy-
me is directly involved in the process of H,0; elimi-
nation, which might lead to the conclusion that its
high activity in plasma and RBC can have a protec-
tive effect on the neuronal damage caused by oxida-
tive stress in stroke (24). Bearing in mind the role of
oxidative stress in this disease, it is possible that the
decline in CAT activity in our study was the result of
the excessive accumulation of ROS generated in the
brain and oxidative modification of the enzyme. On
the other hand, the study results of Min et al. (25)
showed that there was a reduced expression of CAT
gene during ROS exposure caused by the hyperme-
thylation of CpG region in the enzyme gene promo-
ter, and Lehane et al. (26) indicated the correlation
between the ischemic attacks and protein synthesis
inhibition, it is possible that the decrease in the CAT
activity in this study was the result of the reduced
expression of this enzyme's gene in the conditions of
oxidative stress.

So far there are no data on the functional
significance of CAT-262C/T polymorphism and its
possible impact on the CAT activity in AIS. The re-
sults of this study showed that patients, carriers of
the polymorphic -262T allele (CT and TT genotype),
have a significantly lower CAT activity in the plasma
in relation to the carriers of the CC genotype.

Polymorphism at position -262 in the promo-
ter region of CAT gene, wherein there is a substi-
tution of cytosine by thymine, is one of the most
widely analyzed polymorphism of the CAT gene. It
has been shown that the polymorphism of this gene
may affect its transcriptional activity by modulating
the binding site for transcription factors, resulting in
changes in the enzyme activity in RBC and plasma.
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While Forsberg et al. (18) found a higher CAT acti-
vity in the RBC of 29 healthy donors, carriers of the
polymorphic T allele, than in the CC genotype carri-
ers, Ahn et al. (27) and Bastaki et al. (28), while con-
ducting a study on a large number of healthy sub-
jects (266 and 231, respectively), showed a lower
CAT activity in the RBC of the polymorphic homo -
and heterozygous than in the CC genotype carriers.
The reduced CAT activity in this study’s pati-
ents with AIS, carriers of the polymorphic -262T alle-
le, can support the study results which indicate a low
enzyme activity in the CT and TT genotypes of this
polymorphism. It is possible that the decrease in the
plasma CAT activity in patients with AIS can be the
result of not only the oxidative modification of CAT,
but also of the presence of CAT-262C/T polymor-
phism. A research on a large number of patients is
certainly necessary in order to investigate a possi-
ble association of this polymorphism with the risk of
stroke, its effect on CAT activity, and the mutual
influence with the variations in other genes associ-
ated with this disease. Furthermore, future research
should focus on testing the potential protective ef-
fect of CAT-262GG genotype in ischemic stroke, as

well as the role of this polymorphism in the possible
selection of patients for antioxidant therapy.

Conclusion

This is the first study examining the CAT-262
C/T polymorphism and its influence on plasma CAT
activity in ischemic stroke patients. Although pati-
ents diagnosed with AIS had a higher frequency of -
262T allele compared to a group of healthy subjects,
this difference did not reach significance. The plasma
CAT activity in AIS patients was significantly lower
as compared to the control group. The presence of
polymorphic CAT-262T allele in patients with ische-
mic stroke significantly decreased the plasma CAT
activity compared to the CC genotype carriers.
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Iako je poznato da oksidativni stres ima vaznu ulogu u etiopatogenezi akutnog ishe-
mijskog mozdanog udara (AIMU), uticaj -262C/T polimorfizma gena za katalazu (CAT) na
njenu aktivnost u plazmi ovih bolesnika jos uvek nije poznat.

Cilj rada bio je ispitivanje distribucije C gena za katalazu kod bolesnika sa AIMU u
odnosu na zdrave ispitanike, kao i ispitivanje uticaja ovog polimorfizma na aktivnost katalaze
u plazmi bolesnika.

Istrazivanje je obavljeno na 34 bolesnika sa dijagnozom AIMU i 32 zdrava ispitanika.
Polimorfizam CAT-262C/T ispitivan je metodom polymerase chain reaction restriction frag-
ment length polymorphism (PCR-RFLP). Aktivnost katalaze u plazmi odredena je spektrofoto-
metrijskom metodom po Gothu.

Iako bolesnici sa dijagnozom AIMU imaju viSu frekvencu polimorfnog -262T alela ispi-
tivanog polimorfizma od zdravih subjekata, razlika nije statisticki znacajna (p = 0,117). Kod
bolesnika sa dijagnozom AIMU znacajno je niza aktivnost katalaze u plazmi (12,95 + 2,86
kU/L) u odnosu na kontrolu (25,58 + 13,50 kU/L, p < 0,001), pri ¢emu bolesnici koji su
nosioci polimorfnog -262T alela imaju znacajno nizu aktivnost enzima (11,93 + 2,82 kU/L) u
odnosu na nosioce CC genotipa (13,99 £ 2,59 kU/L, p = 0,039) CAT-262C/T polimorfizma.

Ovo je prvo istrazivanje koje ispituje CAT-262C/T polimorfizam i njegov uticaj na aktiv-
nost katalaze u plazmi bolesnika sa AIMU. Imajuci u vidu da prisustvo polimorfnog -262 T
alela kod bolesnika znac¢ajno smanjuje aktivnost katalaze u plazmi u poredenju sa nosiocima
CC genotipa, buduca istrazivanja trebalo bi usmeriti na ispitivanje potencijalnog protete-
ktivnog efekta nosilastva -262CC genotipa u AIMU.
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