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Methotrexate (MTX) is the immunosuppressive anti-inflammatory drug and the antagonist of the en-
zyme dihydrofolate reductase. Pharmacogenomic studies and clinical evidences suggest that altered response
to MTX in patients with different diseases is associated with polymorphisms of genes that regulate folate me-
tabolism. The purpose of the article was to analyze the methotrexate effect on the biochemical indices of pso-
riasis patients depending on methylenetetrahydrofolate reductase gene (MTHFR) polymorphisms. Effects of
two single-nucleotide polymorphisms, C677T and A1298C, were studied. An increase of alanine aminotrans-
ferase and aspartate aminotransferase activity above the normal level in the patients with both MTHFR gene
polymorphisms after methotrexate intake was observed. In patients with CC, TT, CT genotypes for C677T
polymorphism and AA genotype for A1298C polymorphism of MTHFR gene, significant differences in alpha-
amylase activity before and after treatment with methotrexate were detected. Analysis of the biochemical
indices of patients with arthropathic and vulgaris psoriasis showed that the positive effect of MTX treatment
could be associated with wild-type alleles in both polymorphisms of MTHFR gene, while the ineffectiveness
of methotrexate was associated with the diheterozygous genotype. The largest number of smokers was found
within the CTAA genotype group (37.5%), while no smokers were observed within TTAA patients and most
of CCAA patients. The data obtained testify the utility of the individual approach to the psoriasis patients
therapy taking into account genetic background.

Keywords: psoriasis, folate cycle, MTHFR gene, C677T, A1298C, single-nucleotide polymorphism (SNP),
methotrexate, smoking.

complications depending on the symptoms, organ
function, gender, age, diet, genotype, and others
[5, 6].

the patients’ genetic background allows to in-

I ndividualization of pharmacotherapy based on
crease the effectiveness of treatment and reduce

costs [1, 2]. Psoriasis is a heterogeneous chronic
painful, disfiguring disease. Joints deformations
and disability are the most prominent extracutane-
ous manifestations of this condition [3]. Currently,
psoriasis is considered as a systemic disease affect-
ing multiple organs. Cardiovascular, neurological
and mental disorders could be observed in psoriasis
patients [4]. The use of drugs of different pharmaco-
logical groups could be accompanied by a various
response of patients to therapy, including serious

Methylenetetrahydrofolate reductase (MTHFR)
is one of the main regulatory enzymes in the folate
and homocysteine metabolic pathways. Poly-
morphisms of MTHFR (OMIM 607093) gene
lead to decreased activity of enzyme, lower effi-
ciency of the homocysteine-methionine cycle and
hyperhomocysteinemia. MTHFR gene polymor-
phisms effects are not only detected in patients with
cardiovascular, nervous, mental, dermatological,
reproductive, oncological, chromosomal and other
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diseases but are also shown to depend on smoking,
coffee and alcohol consumption, diet features, physi-
cal activity [7, 8].

Therefore, multifactorial pathology could be
considered in terms of psoriasis, reflecting the interac-
tion between genetic and environmental factors.

One of the main objectives of psoriasis phar-
macotherapy is to find treatment options that quickly
and firmly suppress and prevent further progression
of the disease. Methotrexate (MTX) is the drug with
anti-inflammatory and immunosuppressive action
and an antagonist of the enzyme dihydrofolate re-
ductase, that blocks the synthesis of tetrahydrofolate
and therefore prevents the synthesis of purines and
pyrimidines [9, 10]. Pharmacogenomic studies and
clinical evidences suggest that altered response to
MTX in patients with different diseases is associated
with polymorphisms of folate metabolism genes [11].

Methylenetetrahydrofolate reductase is known
as an enzyme that mediates MTX pharmacokine-
tics [12]. The interconnection between MTHFR
gene polymorphisms (OMIM 607093) responses
to MTX treatment and adverse reactions to MTX
was discovered in patients with rheumatoid arthritis
[13]. MTX was effective without any adverse effects
in psoriasis patients with positive presumed 677C-
1298A SNP haplotypes. At the same time no asso-
ciation between SNPs in FPGS, GGH and MTHFR
genes and either MTX efficacy or toxicity in patients
with psoriasis in the UK were shown. The assump-
tion about the high risk of adverse effects develop-
ment after MTX administration in carriers of the
677T allele of the MTHFR gene was not confirmed
in patients with psoriasis arthritis [14]. According
to the results of researches in Algeria, association
between the 677T allele, methotrexate-induced toxi-
city and adverse effects was detected, while the C
allele, in contrast, had a protective effect against
MTX toxicity in patients with rheumatoid arthri-
tis. A response to the treatment (good or moderate)
was observed more often in A1298 allele carriers
than in carriers of 1298C allele associated with a
reduced response [15]. Generally, research results
evaluating the role of individual SNPs in response
to MTX were ambiguous. This could be attributed to
different study designs, insufficient statistical power
and folate supplementation, MTX dose, duration
and route of administration and concurrent therapies
[15]. Moreover, it is known that alleles and geno-
types frequencies distribution, of folate metabolism
genes showed ethnic and geographical patterns, so
studies of one-carbon metabolism genes are actua-

Ily carried out in each population. Pharmacogenetic
studies on methotrexate therapy in the Ukrainian
population enable the development of an effective
and targeted therapeutic strategy.

The purpose of the article was to analyze
methotrexate effect on the biochemical parameters
of psoriasis patients depending on methylenetetrahy-
drofolate reductase gene (MTHFR) polymorphisms
and to evaluate the response to therapy.

Materials and Methods

The study included a retrospective analysis of
the medical history of 41 patients with psoriasis.
Patients age ranged from 19 to 77 years, mean age
was 46.27+1.78 years. All participants had signed
the informed consent before the study. Screening in-
cluded standardized questionnaires for personal data
and clinical measurements such as age, sex, medical
and family history of psoriasis. The liver function
tests were carried out in all patients at the beginning
and at the end of methotrexate treatment. Genoty-
ping of patients according to the C677T and A1298C
polymorphisms was carried out by PCR-RFLP
and allele-specific PCR [16, 17]. The data were ac-
cumulated on clinical observations of adverse and
favorable reactions in patients with psoriasis who
were on methotrexate treatment [18]. The data dis-
tribution was tested for normality before further
statistical analyses by the Kolmogorov-Smirnov
and Shapiro-Wilk tests. Wilcoxon test was used for
determination of difference between the means of
two groups before and after methotrexate treatment.
Kruskal-Wallis test value was calculated in order to
establish significant differences between continu-
ous dependent variable by a categorical independent
variable. Biochemical parameters were presented as
mean + standard error of mean (M+SEM). All statis-
tical tests were two-tailed and a probability (P) value
of 5% or less was considered statistically significant.

Results and Discussion

We evaluated the relation of MTHFR gene
polymorphisms with the main biochemical meta-
bolic parameters before/after taking methotrexate.

Stratification of psoriatic patients by genotype
according to C677T of MTHFR gene showed the
prevalence of heterozygotes CT (25 persons) and
homozygotes CC (12 persons) compared to TT ho-
mozygotes (4 persons). A similar situation was ob-
served when considered genotypes of A1298C poly-
morphism in MTHFR gene, where the prevalence
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of AA homozygotes and heterozygotes AC was ob-
served in comparison with the CC homozygotes (29,
10 and 0 patients, respectively). The most prevalent
genotype of C677T was CT in the groups of patients
with vulgaris psoriasis (83.33%) and arthropathic
psoriasis (51.72%). The most prevalent genotype of
A1298C SNP was AA in the group of patients with
arthropathic psoriasis (85.19%), while in vulgaris
psoriasis patients group the frequencies of homo-
and heterozygotes of A1298C SNP in MTHFR gene
were equal.

Among arthropathic psoriasis patients with
SNP C677T, those with CT genotype had the lowest
alanine aminotransferase (ALT) activity compared

to CC and TT genotypes. The level of activity be-
fore and after methotrexate treatment by patients
with CT genotype was within the normal range, as
opposed to persons with CC and TT genotypes. The
same trend was noted for aspartate aminotransferase
(AST) activity (Table 1). A significant change in the
parameters of a-amylase activity and urea level
was noted for all three genotypes, and there were
differences between the genotypes. The deviations
from the normal range were noted for creatinine in
TT genotype, total protein in CC genotype, and total
cholesterol in CT genotype (Table 1).

Psoriasis vulgaris patients with CC genotype
had reduced levels of a-amylase activity (19.74+8.58)

Table 1 Biochemical characteristics of arthropathic psoriasis patients depending on C667T of MTHFR

genotypes before and after methotrexate therapy

Parameter Before/After P (Kruskal-
(normal range) | MTX treatment CCN=10 CT.N=15 TT.N=4 W(allis test)
ALT, Before 062 0.08 057+005 | 098+0.25* 0.032805
(0.10-0.68 After 0.77 £ 0.08 0.69 + 0.09 142 + 0.06* 0.000654
mmol/Ih) P (Wilcoxon test) | 0.202623 0.026757 0.144128 -
AST, Before 0.40 + 0.05 0.35+0.03 0.53 + 0.09 0.134523
(0.10-0.45 After 0.45 + 0.07 0.41 + 0.06 0.72 + 0.04 0.035220
mmol/lh) P (Wilcoxon test) 0.386271 0.255989 0.144128 -
- Before 1686+ 084 | 1656+047 | 16.97+081 0.912228
(82'1'{7“3';'1’0 " After 17.23+085 | 1715+036 | 1836+033 | 0523244
P (Wilcoxon test) | 0.444587 0.232980 0.067890 -
Before 2050 +308 | 2981+353 | 27.81+113 0.953281
((12-5A—T%/éa|58’/|) After 21204298 | 2307+188 | 3070+0.25 0.129310
P (Wilcoxon test) | 0.036659 0.010594 0.067890 -
Before 4.85 +0.31 459 +0.25 5.60 + 0.36 0.182647
Urea, (1.70- After 5,65+ 0.32 537+ 0.25 6.43+ 013 0.148415
8.30 mmol/l) -
P (Wilcoxon test) | 0.021825 0.008985 0.067890 -

- Before 48.45+1067 | 5007+812 | 33.26+19.16 0.662706
Creatinine, After 6212+722 | 6322+472 | 68.95%0.89 0.826595
(44-115 pmol/l) -

P (Wilcoxon test) | 0.284504 0.111770 0.067890 -
_ Before 80.24+213 | 76.89+096 | 78.63+134 0.259128
Total protein,
(650850 o) After 7658 +137 | 7763+085 | 7943+ 152 0.428144
P (Wilcoxon test) 0.036659 0.649563 1.000000 -
Total Before 5.20 + 0.26 5.16 + 0.09 6.14 + 0.41* 0.027209
cholesterol, (3— After 519 + 0.29 575+ 0.28 6.61 + 0.07 0.055638
6.26 mmol/l)  'p wilcoxon test) | 0.798860 0.060894 0.273323* -

Note: *significant difference revealed with Kruskal-Wallis test in the biochemical parameters in TT group compared to

CC and CT groups with C667T polymorphism of MTHFR gene.
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and creatinine level (33.39+33.31), whereas patients
with CT genotype had increased bilirubin level
(17.40+0.64). After taking methotrexate, patients
with both genotypes showed an increase in the ALT
and AST activity above the normal limit: ALT -
0.93+0.25 (CC), 0.81+0.12, AST - 0.49+0.20 (CC),
0.51+0.09 (CT).

Positive effect of C677T and A1298C in
MTHFR genotypes on the biochemical parameters
of arthropathic psoriasis patients followed the pat-
tern CTAC > CTAA > CCAC > CCAA > TTAA
(Table 3). A similar trend was observed for the bio-
chemical parameters in psoriasis vulgaris patients,
genotyped by two SNPs in MTHFR gene: CTAC
> CCAC > CTAA > CCAA (Table 4). Our results
correspond to the data obtained by other authors,
who studied the reaction of patients with rheuma-
toid arthritis on MTX - T allele was associated with
nonresponsiveness to the drug [19]. According to
the literature data, the response of psoriasis patients
to drug therapy could be determined by MTHFR
polymorphisms, with MTHFR 677CC serving as a
predictor of high drug sensitivity, and the MTHFR
677 (CT, TT) and MTHFR 677T-1298A haplotypes
serving as possible predictors of MTX adverse ef-
fects [13].

Considering the dynamics of transaminases
activity, the protective effect of several SNPs in
MTHFR gene against liver toxicity was assumed in
psoriasis patients. In the studies the increased ALT
and AST activity by more than 1.5 times was con-
sidered as significant hallmark of hepatotoxicity.
Along with structural and functional liver damage,
the serious complication of methotrexate treatment
is nephrotoxicity [20], that could be noted by the dy-
namics of creatinine levels for some genotypes in
our research (Table 1-4).

In the presented study, a-amylase activity in
psoriasis patients after methotrexate treatment in
most cases was within the normal range or lower.
Kidney function is a crucial modifier that affects the
clearance of circulating amylase in the blood [21].
Certain pharmacotherapeutics were reported to in-
crease serum amylase level [22]. It is known that T
allele leads to a decreased rate of 5.10-MTHF con-
version to 5-MTHF, which results in a low rate of
homocysteine remyelation, thereby increasing the
homocysteine level and decreasing folic acid level in

blood plasma [23]. It is also known that low levels of
folate contribute to ALT elevation in serum [24]. It is
proved that smoking increases plasma homocystei-
ne level [25]. Therefore, polymorphisms C677T and
A1298C and smoker status could affect the level of
ALT and AST in serum.

Our analysis showed that among the examined
group of patients, 81.3% of persons were smokers
or had a long history of smoking in the past. The
smoker experience ranged from four to several
decades. The distribution of genotypes could be
represented as CTAA (37.5%) > CTAC (25.0%)
> CCAC (12.5%) > CCAA (6.25%) > TTAA (0%),
the largest number of smokers were found within
CTAA genotype group. TTAA patients and most
of CCAA patients did not smoke. The distribu-
tion of genotypes and ALT parameters in smokers
before/after taking methotrexate was: CTAA
(0.63+0.06/0.83+0.10) > CTAC (0.57+0.05/0.60+0.02)
> CCAC (0.53+0.02/0.65+0.03). Patients with geno-
types TTAA and CCAA showed the highest rates
and dynamics of ALT — 0.98+0.25/1.42+0.06 and
0.65+0.08/0.85+0.10, which was probably one of the
smoking prevention factors in these persons.

The differences in the gene pool indicate both
specific risks and a unique system of genetic markers
for each ethnic group, which could be considered
while forming risk groups and choosing a treatment
strategy.

Our study demonstrated that patients with
wild-type alleles of MTHFR gene responded well
to methotrexate treatment. The study of MTHFR
gene polymorphisms association with the biochemi-
cal parameters of response to methotrexate in pa-
tients with various forms of psoriasis showed that the
decrease of therapeutic effect occurred in persons
with CTAC genotype of C667T and A1298C poly-
morphisms of MTHFR gene. The genotypes dis-
tribution of the smokers was represented as CTAA
(37.5%), CTAC (25.0%), CCAC (12.5%), CCAA
(6.25%), TTAA (0%), the largest number of smokers
were found within CTAA genotype group, while
TTAA patients and most of CCAA patients did not
smoke. The data obtained in our research will allow
the development of pharmacotherapy in dermatolo-
gy, which consists in predicting the effectiveness
of therapy for psoriasis patients with methotrexate,
taking into account genetic background.
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BIIJIUB METOTPEKCATY HA
BIOXIMIYHI IOKA3HUKHU XBOPUX
HA IICOPIA3 3AJIEXKHO BI/{
I'EHOTHUIIIB 'EHA MTHFR

O. M. ®eoomd', JI. B. Poweniok*?,
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Metotpekcatr (MTX) € mnporuzanaabHuUM
Ta IMYHOCYIPECUBHUM IIpenapaToM, a TaKOX aH-
TaroHiCTOM €H3UMY  IHTiApodoIaTpenyKTasm.
Kuiniuei naHi cBig4arh, M0 BiIMIHHOCTI y BiJI-
TIOBiII MAIIEHTIB i3 pi3HUMH XBopoOamu Ha MTX
MOB’s13aHi1 3 MOMIMOP(PHUMH BapiaHTaMU TEHiB, 10
perymooTh MeTabomizm ¢Qomary. MeToto poboTn
OyB aHaji3 BIJIUBY METOTpeKcary Ha OioXimiuHi
MOKAa3HUKM XBOPUX Ha Iicopia3 i3 momimophHu-
MH BapiaHTaMH TeHa METHJICHTeTpariapo-dQoar-
penykrazu (MTHFR). [docnimxkeno edextu ABOX
OJTHOHYKJICOTUIHUX moniMopdizmiB rena MTHFR:
C677T 1 A1298C. Ilicna nmpuiioMy METOTpEKcaTy B
MALi€HTIB 13 PI3HUMH T'€HOTHIIAMHU 32 00oMa MoJi-
MmopduuME Bapiantamu rera MTHFR crocrepira-
Jlocst 30LIIBIICHHSI PiBHS ajiaHiHaMiHOTpaHcepasu
Ta acmapraraMiHOTpaHc(epasw BHIIE [iana3oHy
pedepeHCHUX 3HaUeHb. Y MAIIEHTIB 13 TCHOTUIIAMHU
CC, CT, TT Ta renorunom AA 3a noiximMoppHuMHU
Bapiantamu C677T ta A1298C rena MTHFR 6ymno
BUSBIICHO 3HAYHI BiAMIHHOCTI B PiBHSIX O-amilas3u
0 Ta Micis JIKyBaHHS METOTpeKcaroM. AHaii3
010XIMIYHHX TOKa3HWKIB XBOPUX Ha apTpONaTH4-
HUH Ta ByJIbrapHUH Icopia3 1oKa3as, 1110 MO3UTHB-
HUW BIUJTUB JIIKYBaHHS METaTPaKCaTOM TIOB’S3aHHUI
3 HasBHICTIO ajejed HIMKOro TUIY 3a oboma
nmoiMopHUMHU  BapiaHTaMH, a HECPEKTHUBHICTD
METOTPEKCaTy 3a AOCIHIKEHUMHU MoJIiMopdizMamMu
[OB’3aHa 3 AUTETEPO3UrOTHUM reHotunoM. Haii-
OlTBIIY KIUIBKICTh KYPIIB BHUSIBICHO B Tpymi 3
CTAA renortunom (37,5%), Tozi Ik cepel MaiieHTiB
3 TTAA Ta 6inmpmocti xBopux 3 CCAA reHorumna-
MU KypuUiB He BHsBJIeHO. OnmepikaHi JaHi MOXYTb
OyTH BHUKOPHCTaHi IS TIEPCOHAII30BAHOI Tepartii
XBOpHX Ha TIcopia3 13 ypaxyBaHHSM T€HETHYHUX
0CO0JIUBOCTEN HALI€HTIB.

KnaouoBi cmoBa: mcopia3, ¢onaTHuit
nuki, red MTHFR, C677T, A1298C, onHoHyKJI€O-
tunaui noaimMopgizm (OHIT), meTorpekcar.
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