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The aim of the investigation is to study the carriage of the alleles of folate cycle MTHFR677C>T polymorphism and to assess cognitive
function dynamics in the course of folate augmented antipsychotic therapy in schizophrenic patients carrying defective MTHFR677T allele.

Materials and Methods. 129 patients with schizophrenia underwent molecular diagnosing of 677C>T polymorphism in MTHFR folate
metabolism gene using PCR method with allele-specific primers and the following on-line detection. Of them 18 patients carrying defective T
allele received antipsychotic therapy augmented by folates. The patients were tested with a standard battery of cognitive tests before and after
augmentation. Patients of the control group (n=13) comparable with the main one in gender, age, psychic condition were subject to the same
procedures, but did not receive folates. The level of plasma homocysteine was determined in 7 patients.

Results. Carriage of defective T allele of MTHFR677C>T polymorphism was found in more than half the examined patients, more often than
in the general population, though being not statistically significant for such a quantity of observations. Improvement of cognitive functioning was
noted in those having defective T allele and receiving folates: short-term auditory memory (p<0.05), phonetic verbal fluency (p<0.05), problem-
solving behavior (p<0.05), visual-motor coordination (p<0.01), rigidity (p<0.05), motor velocity (p<0.05), working memory, attention selectivity
and distribution (p<0.05). The cognitive function dynamics was more pronounced in the main group than in the control one, however in some
patients exacerbation of productive symptoms was observed. Augmentation by folates was most effective in patients with homozygous carriage
of the defective T allele and hyperhomocysteinemia before intervention.

Conclusion. Augmentation of antipsychotic therapy by folates may appear to be a promising strategy for improving cognitive functions
in patient with schizophrenia having folate metabolism impairments, which requires personified approach with biomarker study before

intervention.
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Patients with schizophrenia have been noted to
have various disorders of one-carbon metabolism more
often than the general population: decrease of plasma
folate and erythrocyte level, hyperhomocysteinemia
(an integral marker of folate metabolism impairment),
carriage of different genetic polymorphisms of folate
cycle [1, 2]. The polymorphism 677C>t of MTHFR gene
has been rather well studied: the defective T allele (unlike
C allele) reduces the efficiency of one of the enzymes of
the folate cycle — methylenetetrahydrofolate reductase
(MTHFR) — up to 60% of the norm. This makes the
carrier of the defective allele sensitive to the folate
deficiency and contributes to hyperhomocysteinemia
development, which, in its turn, results in a number of
pathological chemical reactions at the tissue and cell
level. Among the people with schizophrenia carriage
of MTHFR677T allele occurs more often than in the
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general population, but some authors do not confirm
these data. Thus, the database of the Association of
Genetic Polymorphisms with Schizophrenia [www.
szgene.org/geneoverview.asp?geneid=4] contains 22
investigations on the association of MTHFR677C>T gene
polymorphism with schizophrenia, published in the world
literature by the present time, in half of which statistically
significant association of T allele carriage with this
disease was found. However, findings of other 11 studies
are either doubtful or negative. Notably, that carriage
of MTHFR677C>T gene polymorphisms is essentially
different in the representatives of various regions and
nationalities (Table 1), which brings some difficulties in
the study of association of these polymorphisms with
some diseases, including schizophrenia.

Nevertheless, Muntjewerff et al. [1] having combined
in the meta-analysis the data of several investigations,
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Table 1

Distribution of alleles of MTHFR677C>T polymorphism among the population
of some Russian regions and foreign countries

Region T.C frequency ratio
Moscow region, Moscow 0.296:0.704
Rostov on Don 0.32:0.68
Indonesia 0.02:0.98
China 0.38:0.62
USA 0.55:0.45

Authors
Babunova [3]; Kalashnikova, Kokarovtseva [4]
Miktadova et al. [5]
Botto, Yang [6]
Leclerc et al. [7]
Chowdary et al. [8]

Table 2

Results of investigations on augmentation of schizophrenic therapy by folates

Time and volume
of observations

6 months (n=41)
3 months (n=28)

Authors Preparation

Godfrey et al. [13]
Hill et al. [14]

Methylfolate, 15 mg
Folates, 2 mg

Roffman et al. [15] 4 months (n=94) Folic acid, vitamin B,,

Levine et al. [16] 3 months (n=42)

Folic acid, pyridoxine, vitamin B,

Results

Acceleration of clinical and social recovery

Significant improvement of negative symptoms in carriers
of T allele of MTHFR gene

Significant improvement of negative symptoms in carriers
of T allele of MTHFR gene

Significant improvement of the state compared to placebo
(PANSS and other tests)

demonstrated, that in carriers of TT genotype of MTHFR
the likelihood of schizophrenia is 36% higher than in CC
genotype carriers. Peerbooms et al. [9] also showed in
their meta-analysis, that TT genotype is encountered
significantly more often in schizophrenia than in the
general population. According to some publications
[10, 11], MTHFR677C>T polymorphism is included into
the list of 16 genetic risk factors for schizophrenia and
of 4 genes with “a strong degree of epidemiological
probability” in relation to schizophrenia.

Causal relationships of folate metabolism impairment
in the course of schizophrenia development are being
actively studied. Of practical interest is the possibility
to reduce the risk of the disease by normalizing folate
metabolism prior the iliness, and to influence the course
of the existing disorder. Roffman et al. [12] supposed,
that the effect of T allele on the negative schizophrenia
symptoms is realized only in case of deficiency of
folates in plasma, and this explains the usefulness of
augmentation by folates in these patients.

By the present time preliminary data have been
obtained in some works (Table 2) on the ability of
folates to improve preferably the negative symptoms of
schizophrenia without any positive influence upon the
productive symptoms.

Nevertheless, the possibility of cognitive symptom
correction by folates (important for rehabilitation of
patients and their quality of life) was not studied so far.
There are several similar investigations of the patients
with other psychic disorders (not schizophrenia) and

148  CTM[2015 — vol. 7, No.4

healthy volunteers, in some works positive data have
been obtained, but the results are controversial [17].
The assessment of cognitive symptoms depends to the
least extent on the subjectivism of the investigator, as
the majority of tests are performed by the patient without
interference of experimenter, and therefore they present
special interest for open researches.

However, the results of interventional investigations
in relation to the methods of correcting negative
and cognitive schizophrenia symptoms are often
ambiguous due to the dissimilarity of the total number of
schizophrenic patients. At present more and more data
give evidence in favor of the fact, that schizophrenia is not
a disease in terms of pathophysiological understanding
of the “disease” concept, but a syndrome or even a
symptom complex, determined by external (phenotypic)
signs, similar in different patients, the internal (genetic,
morphological, neurochemical, and others) mechanisms
of these symptom development in various patients
being different. In this connection homogenization of
the schizophrenic patient samples including biomarkers
is one of the most perspective ways of overcoming the
problem of understanding this disorder and meets the
requirement of the modern personified medicine. In
particular, when selecting patients for investigation of
the efficacy of augmentation by folates it seems to be
reasonable to evaluate preliminarily the impairment
of folate metabolism taking into consideration genetic
or biochemical markers, because it is the correction of
the existing disorders of one-carbon metabolism that
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may be of benefit to the patient. And indeed, Roffman
in his interventional study [12] convincingly showed,
that negative schizophrenic symptoms in augmentation
by folates improve only in those patients, who have
defective alleles of genetic polymorphism of folate cycle.

The aim of the investigation was to study the
carriage of alleles of folate cycle MTHFR677C>T
polymorphism and to assess cognitive function dynamics
in the course of folate augmented antipsychotic therapy
in schizophrenic patients carrying defective MTHFR677T
allele.

Materials and Methods. From September 2014 to
April 2015 129 patients with the diagnosis of “schizo-
phrenia” underwent molecular-genetic investigations to
study the carriage of alleles of MTHFR677C>T genetic
polymorphism in all-day and day departments of City
Clinical Psychiatric Hospital No.1 in Nizhny Novgorod
and in-patient department of Nizhny Novgorod Regional
Psychiatric Hospital No.3.

Specimens of patients’ blood served as the material
for investigations. On-line method of polymerase
chain reaction with allele-specific primers was used
to determine single nucleotide polymorphism. The
procedure was performed in the Problem Scientific
Laboratory for PCR-investigations of the Research
Institute of Preventive Medicine, Nizhny Novgorod
State Medical Academy. Mutation of MTHFR Ala222Val
(C677T) was determined by the kits manufactured by
Litech (Moscow). Three types of conclusions could
be made based on the results: normal homozygote,
heterozygote, mutant homozygote. A total number of
258 investigations have been performed.

The diagnosis of schizophrenia (paranoid, catatonic,
hebephrenic, simple) was established by the hospital
physicians before the beginning of the study and was
registered in the initial medical records. The age of the
patients varied from 20 to 65 years (61 females, 68
males).

The study complied with the Declaration of Helsinki
(the Declaration was passed in Helsinki, Finland, June,
1964, and revised in October, 2000, Edinburg, Scotland)
and was performed following approval by the Ethic
Committee of Nizhny Novgorod State Medical Academy.
Written informed consent was obtained from every
patient.

Part of the patients — carriers of the defective allele
MTHFR677T (n=18, among which 3 were homozygous
and 15 heterozygous) agreed to add folic acid to the
administered antipsychotic therapy in the dose of 0.5-
1.0 mg/day per os. The dose of folic acid was initially
determined as 1 mg/day (maximal prophylactic), but in
the process of investigation it became evident, that in
some patients intensification of psychotic symptoms was
observed when the acid was taken in the given dose,
therefore, the folate dose was reduced to 0.5 mg/day for
the patients with productive symptoms.

Augmentation was performed after the reduction of
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acute psychotic symptoms not less than 2 weeks after
the admission to the in-patient department (patients’
behavior was normalized, they were able to comprehend
the tasks of the investigation and give a written informed
consent for participation). Prior to administration of
folic acid patients underwent a standard battery of
cognitive tests: method of “learning of 10 words”,
Stroop test, tapping-test, tests of verbal semantic and
phonetic fluency, letter-number sequencing test, “tower
of London” test, Munsterberg test, and “coding” from
Wechsler test. The battery of cognitive tests was chosen
from the tools, which, according to the data of recent
studies, are most reliable and often used for diagnosing
cognitive functions in schizophrenia [18].

About 4 weeks after continuous daily intake of folic
acid concurrently with antipsychotic therapy testing was
repeated. The interval between the first and second
testing of cognitive function was not less than 3 weeks
since the level of homocysteine during folate intake
normalizes in 2-3 weeks; and not more than 5 weeks
due to the standard terms of treating schizophrenia in
hospitals.

To exclude the influence of the “learning effect’
(improved results caused by repeated testing) and
other artefacts, control group of patients being in the
same conditions but without administration of folic acid
was composed (n=13), among which 6 patients were
heterozygous carriers of the defective allele, 7 patients
with homozygote by allele C. Patients of the control group
also had the diagnosis of “schizophrenia”, established
before the participation in the investigation, stayed in
the hospital for about 2 weeks and were tested with the
battery of cognitive tests twice with the interval of 3-5
weeks. The main and control groups were comparable
in age, sex, duration of the disease and the administered
antipsychotic therapy.

Statistical analysis of the results obtained was
performed on the basis of MS Excel software using
paired two sample t-test for means and Statistica 6.0
using non-parametrical statistical methods.

Results and Discussion. Carriage of MTHFR677T
allele was found in 68 patients of 129 (52.7%),
among them 10 (7.8%) were homozygous carriers
(MTHFR677TT), 58 (45.0%) heterozygous
(MTHFR677CT); the rest (n=61, 47.3%) were carriers of
normal homozygote (MTHFR677CC). The total carriage
(homo- and heterozygous) of the defective allele is
noted to be more frequent than in the general population
(See the Figure), but the number of observations by the
present time is not large enough to confirm statistical
significance of differences. It is notable, that the portion
of heterozygous carriers is large, but at the same time the
portion of homozygous carriers of the defective allele is
less in the patient sample. It is likely to be connected with
early lethality in patients with MTHFR677TT genotype,
since in some investigations its carriers have a higher
risk of heavy cardiovascular, endocrine and oncologic
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471% 8%

a

O Carriage of MTHFR677CC genotype;
O Carriage of MTHFR677TT genotype;
O Carriage of MTHFR677CT genotype

51% 9%

40%

Distribution of MTHFR677C>T genotypes: (a) in the examined sample of patients with schizophrenia; (b) in

the general population of Moscow region [3, 4]

illnesses [1, 19, 20]. It will further require the analysis
of C/T allele distribution among various age groups and
age-related comparison of the sample of patients with
schizophrenia with the general population, if there is a
greater bulk of observations.

Data on the distribution of MTHFR677C>T genotypes
in the general population (See Figure (b)) are presented
for Moscow region, since such information in Nizhny
Novgorod is not available. The Moscow region is not
far from Nizhny Novgorod, however, the population of
Moscow is mainly represented by migrants from other
regions of the Russian Federation and CIS, which may
influence the carriage of genetic alleles, as MTHFR
alleles have a non-uniform geographic distribution [3-8].
Therefore, it is necessary to compare the studied sample
with the data on Nizhny Novgorod region in order to
obtain reliable valid results on the association of the T
allele carriage with schizophrenia incidence.

In the main group receiving folates (n=18) statistically
significant improvement of various indices was noted:
short-term auditory memory (learning of 10 words)
(p<0.05), phonetic verbal fluency (p<0.05), problem-

Table 3

Dynamics of cognitive functions in the group receiving
folate augmentation and the control group

Folate

Index augmentation t(::f:rso)l
(n=18) -

Short-term auditory memory

“learning of 10 words” 77, p<0.05 T.p>005
Phonetic verbal fluency ™M, p<0.05  T,p>0.05
Problem-solving behavior (“tower

of London”) ™ p<0.05 7T, p>0.05
Visual-motor coordination (“coding”) 71, p<0.01 11, p<0.05

Here: T weak, statistically insignificant positive dynamics;
1 distinct, statistically positive dynamics; 71T marked,
statistically highly significant positive dynamics.
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Table 4

Dynamics of cognitive functions in the group receiving
folate augmentation after exclusion of patients
with deteriorated condition and in the control group

Folate

. Control
Index augmentation (n=12)
(n=13) .

Rigidity (Stroop test) T, p<0.05 T, p>0.05
Motor velocity (“tapping”) T, p<0.05 T, p>0.05
Morking memory, attention
distribution and selectivity
(“letter-number sequencing”) M, p<005 T, p>0.05
Attention selectivity (Munsterberg
test) M1, p<0.01 T, p<0.05

Here: T weak, statistically insignificant positive dynamics;
M distinct, statistically positive dynamics; 11T marked,
statistically highly significant positive dynamics.

solving behavior (tower of London) (p<0.05) and
visual-motor coordination (“coding” from Wechsler
test) (p<0.01) (Table 3), other cognitive functions also
improved with folate intake, but statistically insignificantly
(t-test for repeated measurements). In 6 patients psychic
condition worsened due to the intensification of the
productive symptoms (among them 5 patients from
the main group, 1 from the control; all patients were
heterozygous carriers of T allele), which influenced
the results of cognitive testing. When these patients
were excluded from the analysis, a positive dynamics
of such indices as rigidity (Stroop test, p<0.05), motor
velocity (“tapping”, p<0.05), working memory, attention
selectivity and distribution (Munsterberg tests, p<0.01),
and letter-number sequencing, (p<0.05) (Table 4) was
also statistically significant.

In the control group receiving treatment without
folic acid indices of selective attention (Munsterberg
test) (p<0.05) and visual-motor coordination (“coding”)
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(p<0.05) improved significantly, but short-term auditory
memory (“learning of 10 words”) and semantic verbal
fluency became worse, other cognitive function had a
small statistically insignificant tendency to improvement.
In this connection improvement of indices measured
by the “coding” method and Munsterberg test in the
main group could not also be considered the result of
folate augmentation, since it may be so that the results
in patients of both groups were improving owing to
antipsychotic therapy or learning when the test was
repeated.

Multidirectional dynamics of cognitive indices
within the group of patients, receiving folates, may be
caused by heterogeneity of patients in terms of initial
disorders in folate metabolism in the sample selected
for augmentation. So, a positive dynamics was noted in
all three homozegous carriers of the defective T allele
in the main group (n=18). But in heterozegous carriers
(15 of 18 patient of the main group) cognitive functions
were changing in various directions — from significant
improvement to significant worsening with aggravation
of productive symptoms. In several patients (n=7)
integral index of folate metabolism was examined —
the level of plasma homocysteine: in some patients
it appeared to be within the norm, while in others it
exceeded the norm essentially (Table 5). It is important
to note, that the “norm” of plasma homocysteine — up to
13 pmol/L — recommended by the majority of Russian
laboratories became obsolete: according to the WHO
recommendations the level of homocysteine below
10 pmol/L may be considered optimal. Patients with more
severe hyperhomocysteinemia had a more pronounced
positive response to folate therapy. The difference in
the homocysteine level within genetically homogenuous
groups by MTHFR677C>T polymorphism was likely to
be due to the character of interaction of the studied gene
with other genetic polymorphisms of the folate cycle, and
with the environmental factors (nutritional habits and life-
style) as well.

Thus, carriage of the defective T allele of
MTHFR677C>T polymorphism was revealed in more
than half examined patients with schizophrenia — more

Table 5

Homocysteine level in some patients with different
MTHFR genotypes

Patients gzl:;:;:e Humo(cg:ltoellll;-t; level
Patient 1 1T 28
Patient 2 1T 166
Patient 3 CT 23
Patient 4 CT 8.14
Patient 5 CC 8.65
Patient 6 cC 12.53
Patient 7 CC 11.02
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often than in the general population, but it is statistically
insignificant due to the small number of the available
observations. Carriers of defective T allele receiving
folates are noted to improve cognitive functioning
more significantly and markedly than in the control
group, however, there is a risk of productive symptom
aggravation. The predictor of efficacy of folate augmented
therapy may be the intensity of hyperhomocyteinemia
prior to intervention.

Conclusion. Folate augmented therapy of patients
with schizophrenia, carriers of the defective MTHFR677T
allele, promotes the improvement of the cognitive
symptoms of the disease, especially in those having
hyperhomocyteinemia, which suggests the benefit of
implementing the given approach into clinical practice.
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