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ABSTRACT

5, 10-Methylenetetrahydrofolate Reductase (MTHFR) is one of the key enzymes in the
metabolism of homocysteine, where it catalyses its remethylation. The autosomal reces-
sive bp 677 C—T mutation in the MTHFR gene leads to the substitution of valine for
alanine. Individuals who are homozygous for this C677T mutation exhibit a decreased
specific activity and increased thermolability of this enzyme. This leads to increased
plasma levels of homocysteine, which is a known risk factor for atherosclerosis and vari-
ous manifestations of the atherosclerotic disease. The aim of this study was to find out
the distribution and frequency of this mutation in the general Croatian population. A
group of 228 volunteers (175 males and 53 females) has been analyzed for the MTHFR
polymorphism, which revealed the following distribution: 105 (46.05%) individuals we-
re without mutation (C/C), 102 (44.74%) were heterozygous (C/T) and 21 (9.21%) ho-
mozygous (T | T). These findings are within the results of studies on other European pop-
ulations.
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Introduction

Homocysteine was first discovered by
Butz and du Vigneaud in 1932 as an in-
termediary in methionine metabolism!-3.
Thirty years later, its excretion in the uri-
ne of mentally retarded children was re-
ported?. Subsequent studies of children
with homocystinuria showed the associa-
tion of greatly elevated blood homocystei-
ne with premature arteriosclerosis and
thromboembolic phenomena resulting in
myocardial infarction, stroke, and early
death. McCully established in 1969 a link
between elevated plasma homocysteine
concentrations and vascular disease®S.
Moderate hyperhomocysteinemia has al-
so been associated with premature car-
diovascular disease in adults lacking the
mental and skeletal characteristics of ho-
mocystinuric children”2. The role of ele-
vated total homocysteine levels as a risk
for arteriosclerotic vascular disease has
attracted grow- ing interest since about
half of all deaths are due to cardiovascu-
lar disease and its complications.

Homocysteine is an aminoacid inter-
mediate produced during metabolism of
the essential amino acid methionine. It
may be metabolized in one of two path-
ways: remethylation back into methioni-
ne or transulphuration to cystathionine,
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which is converted into cystein, and ulti-
mately, excreted in the urine (Figure 1).

Elevation in plasma homocysteine is
typically caused by either genetic defects
in the enzymes involved in homocysteine
metabolism or by nutritional deficiencies
of vitamin cofactors. The normal blood le-
vel of homocysteine is controlled by enzy-
matic conversion of the homocysteine to
»methionine« or »cystathione«. These re-
actions are dependent upon 3 key en-
zymes and the vitamin cofactors B12, B6
and folic acid.

1. »Cystathionine b synthase« (requi-
res vitamin B6 as a cofactor) converts ho-
mocysteine to cystathionine.

2. »5, 10-Methylenetetrahydrofolate re-
ductase« or MTHFR (requires folate and
B12 as co-factors) converts 5, 10 MTHF to
5-MTHF. The C677T mutation in the gene
encoding MTHFR causes elevated levels
of homocysteine. Since this path requires
folic acid and vitamin B12 as cofactors,
supplemented high intake of vitamins
B12 and folate can normalize the other-
wise elevated homocysteine.

3. »Methionine synthase«, (requires fo-
late and B12 as co-factors) combines ho-
mocysteine with the 5-MTHF produced in
the previous reaction. The homocysteine
becomes »methionine« and the 5-MTHF
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Fig. 1. Methionine metabolism. 1. Cystathionine synthase 2. y-Cystathionase 3. N5-Methyltetra-
hydrofolate-homocysteine methyltransferase 4. 5,10-Methylene-tetrahydrofolate reductase 5. Be-
taine-homocysteine methylentransferase
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becomes plain MTHF, which is converted
back to 5, 10-MTHTF to re-enter the cycle.
The methionine then converts to 5-adeno-
sylmethionine.

Methylenetetrahydrofolate Reductase
(MTHFR) is an enzyme that catalyses the
conversion of folate into a form that can
help change homocysteine to methionine.
The 2.2 kilobase long MTHFR gene is
mapped to chromosome 1 at region 1p36.3.
A MTHFR variant with reduced activity
was described in 1988 by Kang et al.13.
Frosst et al. identified the mutation res-
ponsible for this MTHFR variant: a cyto-
sine to thymidine transition at nucleotide
677 (C677T) in the MTHFR gene'“. This
mutation results in a substitution of alani-
ne to valine at position 226 in the MTHFR.
The encoded protein has a 50-60% reduced
enzymatic activity at 37degrees Celsius
and higher, hence the term »thermolabile«.

Many studies have shown that homo-
zygous (T/T) mutant subjects had signifi-
cantly elevated plasma total homocysteine
concentrations, whereas the total homo-
cysteine concentration in heterozygous
(C/T) individuals and in subjects with no
mutation (C/C) was indistinguishable!4-18,
Other studies have shown that heterozy-
gous (C/T) individuals had slightly eleva-
ted homocysteine levels in comparison to
the homozygous wild (C/C) genotype'®.

The discovery of this mutation was of
interest because elevated total homo-
cysteine is associated with an increased
vascular disease risk. Furthermore, some
inverse associations between the TT mu-
tations and gastric and proximal colon
cancer have been established???!, as well
as an increased risk for some severe neu-
ral tube defects such as spina bifida and
anencephaly??-24,

Another common mutation in the
MTHFR gene is an adenine to cytosine
transition at nucleotide 1298 (A1298C).
Neither homozygosity nor heterozygosity
of this mutation is associated with high

plasma homocysteine levels or lower plas-
ma folate concentrations. However, indi-
viduals who were heterozygous for both
C677T and A1298C had a lower MTHFR
activity of 41% of the control activity, as
compared with individuals with a hetero-
zygous C677T mutation alone or A1298C
mutation alone that had a 45% and 68%
respectively 25,

Subjects and Methods

Two hundred twenty-eight randomly
selected blood donors were analyzed for
the MTHFR gene polymorphism. The
subjects were informed of the purpose of
the study and signed a written consent,
which had previously been approved by
the Ethical Committee. They also filled
out an uncomplicated questionnaire pro-
viding data about age, gender, vitamin in-
take and meat consummation prior to
blood donation.

Venous blood was obtained by punctu-
re of the cubital vein, collected in EDTA
and immediately centrifuged at 2500 rpm
for 10 min at 4 °C. Cells were kept at —30
°C until the genetic analysis was perfor-
med. The MTHFR C677T mutation was
assessed using the Lightcycler-MTHFR
C677 mutation detection protocol. The
mutation detection protocol was adopted
for the high-speed PCR in glass capillar-
ies using the Lightcycler Instrument and
hybridization probes for the genotyping
of the C677T point mutation in exon 4 of
the MTHFR gene. A 233 bp fragment of
the MTHFR gene was amplified from ge-
nomic DNA using specific primers and
the PCR product was detected by fluor-
esceine (Lightcycler-Red 640) using a
MTHFR specific pair of hybridization
probes. The following primers and probe
were used: the forward primer was
MTHFR-for, 5'-TGA AGG AGA AGG TGT
CTG CGG G A-3'; the reverse primer was
MTHFR-rev, 5-AGG ACG GTG CGG TGA
GAG TG-3'; and MTHFR-probe: 5'- AGC
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TGC GTG ATG ATG AAA TCG GCT
CC-3'-FLU. The underlined T indicates
the position of a thymidine amino modi-
fier to which the LC-Red640 dye is lin-
ked, and FLU indicates the 3' fluorescein.

The gender distribution of the 228 ex-
amined subjects was as follows: 175 ma-
les (76.75 %) and 53 (23.25 %) females.
Our study group was randomly selected
from healthy individuals- blood donors,
which explains this male predominance
in our study. The average age of the male
studied individuals was 38.86 (range 19 to
64) and 37.06 (range 19 to 60) for females.

Results

These 228 individuals were analyzed
and the distribution of the MTHFR gene-
tic polymorphism was determined: 105
(46.05%) individuals were homozygous
for the wild type (C/C), 102 (44.74%) were
heterozygous (C/T) and 21 (9.21%) were ho-
mozygous for the mutation (T/T). (Table 1)

The distribution of the MTHFR poly-
morphism was also analyzed separately
in relation to gender. The distribution of
the MTHFR genotype variants in males
was: 78 (44.57%) individuals had the wild
homozygous (C/C) genotype, 79 (45.14%)
were heterozygous and 18 (10.29%) had
the mutant homozygous genotype (Table 1).

Among the 53 female individuals the
distribution was as follows: 27 (50.94%)
had the C/C genotype, 23 (43.39%) were
heterozygous and 3 (5.66%) were T/T ho-
mozygous.

These results were compared with stu-
dies on various ethnic groups worldwide.
Table 2 demonstrates the MTHFR C677T
polymorphism in Croatians and compari-
son with some other European nations.

Discussion

Hyperhomocysteinemia is assumed to
be an independent risk factor for cardio-
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vascular disease and is thought to be res-
ponsible for about 10 percent of total
risk10:26,

Normal levels of fasting plasma homo-
cysteine fall between 5 and 15 pmol/L.
Moderate hyperhomocysteinemia refers
to concentrations between 16 and 30, in-
termediate between 31 and 100, and se-
vere hyperhomocysteinemia >100 pmol/
L. Moderately elevated plasma homocys-
teine levels (>~15 pmol/L) are considered
cytotoxic and are found in 5-10 percent of
the general population and in up to 40
percent of patients with vascular disease
6.7.21-29 ° Additional risk factors (smoking,
arterial hypertension, diabetes, and hy-
perlipidemia) may additively or, by inter-
acting with homocysteine, synergistically
increase overall risk. Hyperhomocystei-
nemia is associated with alterations in
vascular morphology, loss of endothelial
antithrombotic function, and induction of
a procoagulant environment3%33, Fur-
thermore, special importance of the role
of MTHFR C677T mutation and hyperho-
mocysteinemia lies in the new awareness
that it also represents a risk factor for de-
velopment of arterial and venous throm-
bosis?4.

Most known forms of damage or injury
are due to homocysteine-mediated oxida-
tive stress. Numerous agents, such as
drugs, disease and life style factors also
have an impact on homocysteine metabo-
lism, when acting as direct or indirect an-
tagonists of cofactors and enzyme activi-
ties.

The distribution of C677T allele is
strikingly variable among different eth-
nic and racial groups!®35-58, Pooled data
from various European studies that in-
cluded about 7000 individuals showed
that the C677T allele frequency appears
to be high in Italy — 44%, 35% in Britain,
32 % in Ireland and 28 % in Norway. The
allele frequency among whites from Aus-
tralia, Brazil, Canada and the United
States ranged from 34 to 37 percent.



I. Lovricevi¢ et al.: MTHFR C677T Genetic Polymorphism, Coll. Antropol. 28 (2004) 2: 647-654

‘S9IpNj)s 240U J0 0M] WOLJ B)EP P[00,

96T ‘0°¢G 0T 9'6e ‘€Vg ¢0¢e €9 0§ €T 9¢1 uopemg
9'¢T ‘0'¢ g6 TT€ ‘872 082 6028 5148 LE 16€ xK@MION
¥IT ‘69 68 0'6e ‘€68 G'ce (44 154 14 €0g SPUBLIDBYION O,
L'6T ‘791 08T €Sy Gy 8'€V 9369 LSOT 0L€ €402 K181
Ggl ‘T'6 80T eve ‘Log §ce 009 899 j84! 60€T +PUB[AI] WISYLION pue pue[a.]
TIT ‘S¥ 8L 1'8¢ ‘L°0% §ve TST 98 02 LGS »AURWIN)
8Vl ‘LY 8'6 LTy ‘T'0g 1°9¢ 0g 0L €1 eeT eoueL]
0€T ¥'¢g 6 6'6e ‘g'LT 9'1¢ G0T ¢G0T %4 86¢ BI}BOIY
ST TTT el v'Le ‘eee v'ag 5344 g9V 8¢€T 9701 x SO[BM/UTBILIg

[eATojUT [eATojUL

QouLpy Kouanbau g QouLpy Aouanboay 0D hFe) LL 1301,

-u0d 9,66 -u0d 9,66 A1puno)

O Bmbong fouonbas) opIy @dfouop T

SNOILVTINdOd NVHJOUNH SNOTIVA NI HNHD SAHLN HHL 40 HTHTIV LLL9D HHL 40 NOLLONITILSIA

S H'IdVL
o[duwres [[ews 0) eNp PasSSASSB 9 J0U P[NO))
G'eg ‘9'6€ 9% G'1g ‘'8 Lvy 0°€T 79 G¢'6 6'GE ‘€'LE 9186 S0T 0T 1g 8¢¢ [®10L
¥'¥9 ‘G'LE 609 L9G ‘T°0€ 8594 ® LG 6'G€ ‘6°81 VLS Lg €2 S €S oeweq
6'1G ‘G'LE 9y GBS ‘8'LE sy 8FI ‘8'G €01 8'LE ‘6°LT 6'c¢ 8L 6L 8T GLT 9[eIN
[eAI@jUT [eAI@)UT [eAI@)UT [eATa)UT
oouepyy  Aouenberj eouepryy Aouenbesg eouepy  Aduenbexy eouepy Aouenbergy DD IO LL
-u0o %%6 U0 %%6 -u02 %%6 -u02 %%6
KyrsogAzowoy (%) (%) LD (%) £y1s03Kz0woy (%)
0D Jo Aouenbauf Jo Aouenboayg LI Jo Louenbouyg Kouoanbauy o[y edfqouan ToqumnN 1opusH

SYHHLNNTOA NVLLVOYUD 8¢¢ NI ANHD dAHLIN HHL A0 HTATIV LLL9D HHL 40 NOLLAIIY.LSIA
T HTdVL

651



I. Lovricevié et al.: MTHFR C677T Genetic Polymorphism, Coll. Antropol. 28 (2004) 2: 647-654

The C677T allele frequency is low in
some samples of individuals from sub-Sa-
haran Africa (7 percent) and individuals
of African descent living outside of Africa,
being 5 % among Brazilian blacks, to 24%
among members of one group of African-
Americans in the United States.

The majority of studies of Asians were
done on Japanese people where the C677T
allele frequency is 35 percent%. Concern-
ing Hispanics individuals, a Californian
study on 169 whites of Hispanic origin,
the allele frequency was 42%, being eq-
ually high as in a group of Colombians.
The C677T allele frequency in Amerin-
dians was also variable: it was high in a
group of Cayapa Amerindians from Ecua-
dor (43%) and in a group of Brazilian
Amerindians (45%) and low in members
of the Tupi Parakana tribe (11%).

The frequency of C677T homozygotes
follows a similar pattern. Countries in
which the frequency of C677T allele was
highest also had the highest frequency of
C677T homozygotes — the frequencies of
C677T homozygotes reached 18 % in Italy
but no T/T homozygotes were found in the
group of 89 sub-Saharan Africans. A stu-
dy on 250 healthy Mexican women dem-
onstrated a 34.8% frequency of the TT ge-
notype.

According to the Consensus Paper on
the Rational Clinical Use of Homocysteine,
Folic Acid and B-vitamins in Cardiovascu-
lar and Thrombotic Diseases-Guidelines
and Recommendations, 5-15% of the Ger-
man, Swiss and Austrian general popula-
tions were homozygous for the TT muta-
tion. A meta-analysis of different groups of
Europeans determined a mean prevalence
of 9.2% of homozygotes for the mutation.

Our study of 228 subjects of the Croa-
tian population, as presented in Table 1,
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showed that the distribution of the C677T
polymorphism of the MTHFR gene was
as follows: 46.05% individuals were ho-
mozygous for the wild type (C/C), 44.74%
were heterozygous (C/T) and 9.21% were
homozygous for the mutation (T/T). The-
se findings are compared with other Eu-
ropean nations in Table 2.

Conclusion

The true role of mild elevation of ho-
mocysteine, which results from the homo-
zygous C677T mutation of the MTHFR
gene, in the genesis of cardiovascular dis-
ease, remains still somewhat controver-
sial: The opinion is divided whereas this
mild homocysteinaemia may be conside-
red an important risk factor in pathoge-
nesis of atherosclerotic disease or if it on-
ly represents a marker for increased risk.
The contribution of low folate levels in ho-
mocysteinaemia in individuals who are
homozygous for the T/T genotype is un-
questionable; dietary folate supplemen-
tation may be recommended in these in-
dividuals as a strategy in normalizing the
levels of homocysteine and preventing at-
herosclerotic and peripheral vascular dis-
ease.

The distribution of MTHFR gene poly-
morphism in the studied Croatian popu-
lation was as follows: approximately 46 %
were homozygous for the wild type (C/C),
45 % were heterozygous (C/T) and 9 %
were homozygous for the mutation (T/T);
these numbers fall within the average
findings of the Caucasian European pop-
ulation. These numbers may also be the
foundation to a future preventive strate-
gy in cardiovascular disease as well as
guidance in treatment.
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5, 10-METILENTETRAHIDROFOLAT REDUKTAZA (MTHFR) 677 C-»T
GENSKI POLIMORFIZAM U 228 HRVATSKIH DOBROVOLJACA

SAZETAK

5, 10-Metilentetrahidrofolat reduktaza (MTHFR) jedan je od kljuénih enzima u me-
tabolizmu homocisteina gdje katalizira njegovu remetilaciju. Autosomno recesivna
mutacija 677. para baze C—T dovodi do zamjene valina alaninom. Osobe koje su homo-
zigoti za ovu C677T mutaciju MTHFR gena imaju smanjenu specifiénu aktivnost i po-
veéanu termolabilnost enzima. Ovo dovodi do poviSenih razina homocisteina, a Sto je
dobro poznati faktor rizika ateroskleroze te raznih manifestacija aterosklerotske boles-
ti. Cilj ove studije bio je otkriti distribuciju i uéestalost ove mutacije u opéoj hrvatskoj
populaciji. Skupina od 228 dobrovoljaca (175 muskih i 53 Zenskih) analizirana je za
MTHFR polimorfizam, te je otkrivena sljedeéa distribucija: 105 (46.05%) osoba bilo je
bez mutacije (C/C), 102 (44.74%) bili su heterozigoti (C/T) a 21 (9.21%) bili su homozi-
goti (T/T). Ovi nalazi odgovaraju rezultatima studija u drugim Europskim populacijama.
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