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to differentiate three subtypes of schizophrenia: treatment-re-
sponsive, treatment-resistant schizophrenia and ultraresistant 
(clozapine-resistant) (Lee et al 2015).
Methylenetetrahydrofolate reductase (MTHFR) has a central 
role in the folate cycle by irreversibly converting 5,10-meth-
ylenetetrahydrofolate (5,10-MTHF) to 5-MTHF, the predomi-
nant circulating form of folic acid. 5-MTHF plays an important 
role in one-carbon metabolism, as well as in DNA methylation 
(Bottiglieri et al 1994), being involved in the recycling of ho-
mocysteine to methionine, which later leads to the generation of 
S-adenosylmethionine (SAM). SAM represents the major source 
of methyl groups in the brain (Gilbody et al 2007) and a ma-
jor donor of methyl groups for the synthesis of DNA, proteins, 
neurotransmitters, hormones and phospholipids (Peerbooms 
et al 2011; Sugden 2006; Krebs et al 2009). Moreover, SAM 
serves as a cofactor and methyl group donor for the epigenetic 
regulation process of gene expression. Since recent studies have 
already highlighted the involvement of epigenetics in limiting 
the therapeutic effects of atypical antipsychotic medication and 
considering the role of MTHFR in the cycle responsible for 
providing methyl groups needed for histone methylation in the 
silencing gene process, we sought to explore the implications 

Introduction
Mental diseases affect 2-3.5% of the population with schizophre-
nia affecting about 0.3-0.7% up to 1% of the world’s population 
regardless of race, ethnicity or geographic area (McGrath et al 
2008). The age of onset is normally around the age of 21-25 
years, 3-4 years earlier in men, compared to women, in whom 
onset is around the age of 25-30 years (Falkenburg et al 2014). 
Current research focuses on the impact that genetic changes 
have on treatment response, which might lead in the future to 
a therapeutic approach taking into consideration individual ge-
netic mutations (Ozbek et al 2008). The treatment of schizo-
phrenia still represents an enormous challenge both for research 
and for the practicing psychiatrist. Previous research has shown 
that the initiation of an early treatment increases the chances of 
remission and reduces the severity of symptoms as well as the 
decline in the patient’s social and global functioning (Marshal 
et al 2005). However, despite the entry on the market in recent 
years of a series of atypical antipsychotics, about 30% of pa-
tients do not have an adequate response to usual antipsychotic 
medication and are classified as treatment-resistant. These pa-
tients have a much poorer prognosis (Schennach et al 2012).
The classification of schizophrenia depending on resistance or 
response to treatment is made based on clinical criteria allowing 
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of MTHFR functional polymorphisms in treatment resistant 
schizophrenia (Kurita et al 2012).
The two common polymorphisms namely C677T and A1298C, 
are associated with a decrease of the activity of the enzyme. The 
MTHFR C677T variant reduces MTHFR activity and raises the 
homocysteine level, resulting in a reduction of DNA methyla-
tion, thus representing risk factors for schizophrenia and other 
neuropsychic disorders (Yoshimi et al 2010). Homocysteine and 
its metabolites can have a excitotoxic effect on brain glutamate 
receptors, N-methyl-D-aspartate (NMDA) and may inhibit cen-
tral nervous system methylation (Cohen-Woods et al 2010).
The main aim of this study was to evaluate the association be-
tween the presence of MTHFR C677T and A1298C gene poly-
morphisms and treatment-resistant schizophrenia. We also at-
tempted to establish a correlation between the presence of these 
polymorphisms and a higher severity of the disease, as well as 
a poorer functionality of these patients.

Material and method
This was a prospective, observational, transversal, analytical 
case-control study. 
Seventy-eight patients diagnosed with schizophrenia according 
to ICD-10 criteria (World Health Organization Classification of 
Mental and Behavioural Disorders: Clinical Descriptions and 
Diagnostic Guidelines) and DSM-IV-TR criteria (American 
Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders, 4th-TR), who were admitted to the Clinic of 
Psychiatry I and the Mental Health Center of the Cluj County 
Clinical Emergency Hospital in the period 1.04.2011-30.10.2011, 
were invited to participate in the study. From these, 60 patients 
with a mean age of 40.9±8.9 years, 51 males (85%) and 9 fe-
males (15%), signed the informed consent. The study protocol 
was approved by the Ethics Committee of “Iuliu Hatieganu” 
University of Medicine and Pharmacy.
 According to Kane, treatment-resistant schizophrenia involves 
the administration of three atypical antipsychotics (with differ-
ent action mechanisms) at a dose higher or equal to 1000 mg/
day chlorpromazine equivalents for 6 weeks, with a BPRS scale 
higher or equal to 45 points, a CGI-S higher or equal to 4 and 
persistent socio-professional dysfunction for 5 years, without 
at least a 20% reduction of symptoms (Kane et al 1988). Since 
1988, these criteria have been known as “the Kane criteria” for 
treatment-resistant schizophrenia (Kane et al 2013; Farooq et 
al 2013). The only evidence-based treatment for these patients 
is clozapine (Leucht et al 2013; Essali et al 2009), an atypical 
antipsychotic with a relatively weak dopamine antagonism.
The selection criteria in the study were: patients with primary 
diagnosis of schizophrenia divided into two subgroups of pa-
tients diagnosed with resistant schizophrenia, treated with clo-
zapine (36 patients – 60%) and non-resistant schizophrenia 
patients, responding to non-clozapine antipsychotics (partial 
response rate of 24 patients -40%) according to criteria that de-
fine schizophrenia resistance (duration of disease, medication 
switches, GAF poor functioning and severity of disease at the 
time of study-CGI-S). Patients included in both subgroups are 
patients able to understand study related information.
The exclusion criteria were: (1) treatment resistance defined after 
administration of a single antipsychotic in the appropriate dose 
over a suitable time period without obtaining the therapeutic 

outcome, (2) addiction to alcohol or illicit drugs, (3) drug treat-
ments that can influence the clinical picture, (4) patients with 
associated organic pathologies, (5) pathologies of psychiatric 
development or other types of psychotic disorders. (6) Patients 
who were unable to understand the instructions or signing in-
formed consent and subjects under 18 years of age, were not 
included in the study.
Patients underwent a complete psychiatric examination. The pres-
ence and intensity of negative, positive and general symptoms 
was evaluated using the PANSS scale (Positive and Negative 
Syndrome Scale - Kay et al 1987), the severity of the disease at 
the inclusion in the study was assessed using the CGI-S score 
(Clinical Global Impression - Guy 1976), and global function-
ality was quantified using the GAF scale (Aas 2011). The fol-
lowing data were recorded: age and sex, the age of onset of the 
disease, the clinical form of schizophrenia, antipsychotic medi-
cation and response to treatment.
All participants in the study were Romanians aged over 18 years. 
Each patient was examined by at least two experienced psychi-
atrists, who assigned a diagnosis of paranoid schizophrenia to 
48 patients (80%) and undifferentiated schizophrenia to 12 pa-
tients (20%) depending on criteria defined by the Diagnostic and 
Statistical Manual of Mental Disorders, fourth revised edition 
(DSM-IVTR), and the Classification of Mental and Behavioural 
Disorders (ICD-10). Diagnosis was made according to clinical 
diagnostic criteria of treatment-resistant schizophrenia (dis-
ease duration, drug switches, deficient functioning – GAF, and 
disease severity at the inclusion in the study – CGI-S). No pa-
tients had a special diet that might have altered drug absorption.
From each patient, 2 ml of venous blood was drawn on EDTA 
tubes, and the blood samples were transported for processing to 
the Medical Biochemistry Department of the “Iuliu Hatieganu” 
University of Medicine and Pharmacy, Cluj-Napoca. 
DNA was isolated using a Zymo Research kit (ZR Genomic 
DNA II kitTM). 
The MTHFR 677C>T and 1298A>C polymorphisms were deter-
mined by Restriction Fragment Length Polymorphism Polymerase 
Chain Reaction (RFLP-PCR) as previously described by Frosst 
et al (1995) and Van Der Put et al (1998) with some modifica-
tions according to our laboratory. Briefly, for the 677C>T poly-
morphism we amplified a 198bp fragment using the following 
primers: forward 5′-TGAAGGAGAAGGTGTCTGCGGGA-3′, 
reverse 5′-AGGACGGTGCGGTGAGAGTG-3′.  For 
the 1298A>C we used the following primers: forward 
5′-CTTTGGGGAGCTGAAGGACTACTAC-3′, reverse 
5′-CACTTTGTGACCATTCCGGTTTG-3′ to produce a 163bp 
amplicon.
 The PCR reaction occurred in an iCycler (Bio-Rad Laboratories, 
Inc, Life Science Group USA). Enzymatic digestion was done 
in 10µl and we used 5U restriction enzymes (HinfI for 677C>T 
and MboII for 1298A>C). 
All the reagents were purchased form Fermentas (Thermo Fisher 
Scientific) except the primers which were from Eurogentec 
(Liege, Belgium). 
Statistical data analysis was performed using the Statistical Pack 
for Social Sciences version 22 (SPSS IBM, USA). For data 
characterization, absolute and relative frequencies or means and 
standard deviations were calculated, depending on the type of 
variables. The distribution of nominal data between the groups 
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was tested using the chi-square test. The normal distribution of 
quantitative variables was tested with the Kolmogorov-Smirnov 
test. Differences of quantitative variables between two groups 
were tested using the t-Student test. Differences of quantitative 
variables between more than two groups were tested using the 
ANOVA test. A p-value less than 0.05 was considered statisti-
cally significant.

Results
The mean age of onset was 22.17 years in patients with para-
noid schizophrenia (80%), and 21.75 years in those with undif-
ferentiated schizophrenia (20%).
Patients with treatment-resistant schizophrenia were treated with 
clozapine (60%) and those with partially responsive schizophre-
nia (40%) received treatment with non-clozapine antipsychot-
ics: risperidone (16.7%), quetiapine (15%), others: olanzapine, 
aripiprazole, amisulpride, paliperidone (8.3%).
Among patients with treatment-resistant schizophrenia, the se-
verity of the disease was high in 55.5% of patients and moder-
ate in 44.5%; in contrast, all patients with partially responsive 
schizophrenia presented a moderate severity (CGI-S score).
The functionality of patients with treatment-resistant schizophre-
nia was severely affected in a 52.78% proportion compared to 
patients with partially responsive schizophrenia, who had only 
moderately affected functionality (GAF scale).
The evaluation of the MTHFR C677T gene polymorphism in 
the group of treatment-resistant patients evidenced no differ-
ence in the genotype distribution frequency. A greater number 
of patients with an altered genotype was observed in the group 

MTHFR polymorphism
Resistant Non-resistant

p
N(%) N(%)

C677T CC 13(36.1) 12(50.0)
0.3(rs1801133) CT 19(52.8) 8(33.3)

TT 4(11.1) 4(16.7)

Alleles frequency
C 45(62.5) 32(66.7)

0.6
T 27(37.5) 16(33.3)

A1298C AA 14(38.9) 14(58.3)
0.1

(rs1801131) AC 22(61.1) 10(41.7)

Alleles frequency
A 50(69.4) 38(79.2)

0.2
C 22(30.6) 10(20.8)

C677T/A1298C compound heterozygous TT/AC and CT/AC 13(36.1) 3(12.5) 0.04

Table 1.  MTHFR C677T and A1298C genotypes analysis in relationship with treatment resistance

of patients with therapy resistance compared to non-resistant 
patients. Both MTHFR C677T and A1298C genotypes and al-
leles were similarly distributed between the two groups of pa-
tients (p=0.3 and p=0.1 respectively) (Table 1). When analyzing 
the compound heterozygous genotypes, we observed a higher 
frequency in the treatment resistant group compared to the non-
resistant one (p=0.04).
No significant differences were observed when analyzing the 
distribution of the genotypes in regards of the severity of the dis-
ease (Table 2). There was also no significant difference between 
patients when analyzing the genotypes in relationship with the 
patients functionality score (GAF scale), as shown in Table 3.

Discussions 
In our study, no significant association was found between the 
MTHFR C677T and A1298C polymorphisms when analyzing 
the patients’ resistance to treatment, although a greater number 
of patients with therapy resistance had the risk alleles T for the 
C677T and C for the A1298C, respectively, compared to the 
group of non-resistant patients. These data cannot be correlated 
with the literature data, as there are no studies that have made 
similar comparisons. The analysis of MTHFR C677T and the 
severity of the disease (CGI-S) showed no significant differ-
ences in severity between the heterozygous genotype and the 
normal homozygous genotype; similarly, for the A1298C pol-
ymorphism, no significant differences were found between the 
heterozygous genotype and the normal homozygous genotype. 
The evaluation of the relationship between MTHFR C677T 
polymorphism and patient functionality (GAF score) showed 

Table 2. MTHFR C677T and A1298C genotypes analysis in relationship with the severity of the disease (CGIS score)

MTHFR polymorphism
Moderate severity (CGIS 3-4) High severity (CGIS 5-6)

p
N(%) N(%)

C677T
CC 18(45.0%) 7(35.0%)
CT 17(42.5%) 10(50.0%) 0.7
TT 5(12.5%) 3(15.0%)

A1298C
AC 20(50%) 12(60%)
AA 20(50%) 8(40.0%) 0.6

C677T/A1298C compound heterozygousTT/AC and CT/AC 9(22.5%) 7(35%) 0.3
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no statistical significance between the altered genotype in pa-
tients with severely affected functionality compared to those 
with moderately affected functionality. Similarly, no association 
was found in the care of the A1298C polymorphism.
Regarding the implications of the MTHFR gene polymorphisms 
in treatment-resistant schizophrenia, to our knowledge there 
are no representative studies in literature. A study performed in 
men with treatment-resistant schizophrenia demonstrated that 
the MTHFR C677T polymorphism influences one-carbon me-
tabolism. This study consisted of supplementing dietary cho-
line intake for 12 weeks, and showed the fact that men with the 
MTHFR 677TT genotype and low folate levels use choline as 
a methyl donor (Yan et al 2011).
An extensive study was conducted using PubMed, EMBASE, 
PsycInfo, CINAHL and OpenGrey databases, in order to identify 
all current studies comparing treatment-resistant schizophrenia 
(defined either as a lack of response to two antipsychotics ad-
ministered for an adequate time period or clozapine recommen-
dations) with treatment-responsive schizophrenia (defined as a 
response to non-clozapine antipsychotics) (Gillespie et al 2017). 
It is known that genetic factors play an important role in schiz-
ophrenia because it has been observed that the disease has a 
high heritability (80%) (Sullivan et al 2003). The genetics of 
schizophrenia is complex, being determined by the interaction 
between multiple genes and only to a small extent by individ-
ual genes (Joober et al 2002; Allen et al 2008). There are very 
few studies on genetic mutations involved in the development 
of treatment-resistant schizophrenia. 
Methylentetrahydrofolate reductase is the central enzyme in 
the folate cycle and contributes to the metabolism of the amino 
acid homocysteine, the deficiency resulting in hyperhomocyst-
einaemia and homocysteinuria. Severe deficiency of MTHFR 
with enzymatic activity below 20-30% can cause developmen-
tal delays, seizures, motor dysfunction and even schizophrenic 
disorders (Botto 2000; Peerbooms et al 2011).
The two genetic polymorphisms associated with decreasing 
MTHFR activity, 667C/T and 1298 A/C were extensively stud-
ied, the first being relatively frequent in the world, about 12% 
of the population having the TT genotype, with a different dis-
tribution among different ethnic groups (Foldinger et al 1999). 
The 667C/T polymorphism was the most studied, its clinical 
consequences being dependent on the state of the folate, while 
the second polymorphism is less clearly outlined. Most stud-
ies refer to patients with schizophrenia and high homocysteine 
levels (Regland et al 1997) and conclude that homozygosity 
for thermolabile MTHFR may be a risk factor for schizophre-
nia-like psychosis, folate administration diminishing this risk. 

Table 3. The relationship between MTHFR C677T, A1298C polymorphisms and the GAF score

Arinami et al (1997) found the T677 variant both in schizophre-
nia and depression, which contradicts the findings of Kunugi et 
al (1998) that does not find a causal relationship between C677T 
polymorphism and the occurrence of schizophrenia or affective 
disorders. A series of studies in the literature show that the T al-
lele is commonly associated with schizophrenia (Peerbooms et 
2011, meta-analysis by Mohamed et al 2014; Zintzaras 2006; 
and Cohen-Woods et al 2010; Kempisty et al 2006; Lewis et al 
2005; Muntjewerff et al 2006; Lajin et al 2012).
An association of the MTHFR 1298A>C polymorphism with 
schizophrenia was not found in most studies, including the 
meta-analysis of Peerbooms et al (2001). The A1298C variant 
cannot fundamentally affect the risk of the disease unless it is 
present in homozygous form. This variant may not have such 
a profound effect on homocysteine levels alone, but may con-
tribute to hyperhomocysteinemia if present with the C677T al-
lele and low folate levels (Nazki et al 2014).
The association between MTHFR polymorphisms and resistance 
to treatment has not been studied so far in Romania, which is 
in agreement with the absence of studies regarding this associ-
ation in other European countries. It is known that about one-
third of patients are treatment-resistant, although according to 
some estimates, the proportion is 40-60% (Juarez-Reyes et al 
1995; Essock et al 1996). Among mental diseases, treatment-
resistant schizophrenia is associated with some of the highest 
levels of dysfunction (Iasevoli et al 2016) and rates of hospi-
talization (Meltzer et al 2001), and high costs for society. While 
in Romania, the costs generated by treatment-resistant schizo-
phrenia are not estimated, in USA, direct health care costs for 
patients with treatment-resistant schizophrenia require a sup-
plementation of 34 billion USD (Kennedy et al 2014).
The main limitation of this study is the relatively small size of 
the samples used, although a strong effect should have been 
detected at this size. Nevertheless, our results must be repli-
cated in larger size samples to exclude small effects, like those 
estimated for most of the mutations involved in the etiology of 
schizophrenia in general.

Conclusions
This study shows the absence of a significant association be-
tween MTHFR C677T and A1298C polymorphisms and therapy 
resistance, although there was a positive association between 
the C677T/A1298C compound heterozygous genotypes and 
treatment resistance. With regards to the severity of the disease 
or the global functionality of the affected persons, no relation-
ship between the two MTHFR variants could be demonstrated. 

MTHFR polymorphism
DPA DPM

p
N(%) N(%)

CC 7(36.8) 18(43.9)
0.7C677T CT 9(47.4) 18(43.9)

TT 3(15.8) 5(12.2)

A1298C
AA 8(42.1) 20(48.8)

0.4
AC 11(57.9) 21(51.2)

C677T/A1298C compound heterozygous TT/AC and CT/AC 7(35%) 9(22.5%) 0.3



Marginean et al 2017

Volume 9 | Issue 4 Page 128 
HVM Bioflux

http://www.hvm.bioflux.com.ro/

References
Aas IH. Guidelines for rating Global Assessment of Functioning (GAF). 

Ann Gen Psychiatry 2011;10:2.
Allen NC, Bagade S, McQueen MB, Ioannidis JPA, Kavvoura FK, 

Khoury MJ, et al. Systematic meta-analyses and field synopsis of 
genetic association studies in schizophrenia: the SzGene database. 
Nat Genet 2008;40:827–834. 

American Psychiatric Association. Diagnostic and Statistical Manual 
of Mental Disorders. 4 th-TR ed. Washington, DC, 2003. 

Arinami T, Yamada N, Yamakawa-Kobayashi K, Hamaguchi H, Toru 
M. Methylentetrahydrofolate reductase variant and schizophrenia/
depression. Am J Med Genet 1997;74(5):526-8.

Bottiglieri T, Hyland K, Reynolds EH. The clinical potential of ademe-
tionine (S-adenosylmethionine) in neurological disorders. Drugs 
1994;48(2):137–152.

Botto LD, Yang Q. Gene variants 5,10-metilentetrahidrofolat reductase 
and congenital anomalies: HuGE. Am J Epidemiol 2000;151(9):862-77. 

Cohen-Woods S, Craig I, Gaysina D, Gray J, Gunasinghe C, Craddock 
Nm et al. The Bipolar Association Case-Control Study (BACCS) 
and meta-analysis: no association with the 5,10-methylenetetrahy-
drofolate reductase gene and bipolar disorder. Am J Med Genet B 
Neuropsychiatr Genet 2010;153(7):1298–1304.

Essali A, Al-Haj Haasan N, Li C, Rathbone J. Clozapine versus typi-
cal neuroleptic medication for schizophrenia. Cochrane Database 
Syst Rev 2009;(1):CD000059.

Essock SM, Hargreaves WA, Dohm F-A, Goethe J, Carver L, Hipshman 
L. Clozapine eligibility among state hospital patients. Schizophr 
Bull 1996;22:15–25.

Falkenburg J, Tracy DK. Sex and schizophrenia: a review of gender 
differences. Psychosis 2014.  doi:10.1080/17522439.2012.733405.

Farooq S, Agid O, Foussias G, Remington G. Using treatment response 
to subtype schizophrenia: proposal for a new paradigm in classifi-
cation. Schizophr Bull 2013;39:1169–72. 

Foldinger M, Horl WH, Sunder-Plassman G. Molecular biology of 
5-10-methylentetrahydropholate reductase. J Nephrol 2000;13(1):20-33.

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, 
et al. A candidate genetic risk factor for vascular disease:A com-
mon mutation in methylenetetrahydrofolate reductase. Nat Genet 
1995;10:111–113. 

Gilbody S, Lewis S, Lightfoot T. Methylenetetrahydrofolate reduc-
tase (MTHFR) genetic polymorphisms and psychiatric disorders: 
a HuGE review. Am J Epidemiol  2007:1(165):1–13. 

Gillespie AL, Samanaite R, Mill J, Egerton A, MacCabe JH. Is treat-
ment-resistant schizophrenia categorically distinct from treatment-
responsive schizophrenia? A systematic review. BMC Psychiatry 
2017;17:12.

Guy W. ECDEU Assessment Manual for Psychopharmacology. Rockville, 
MD:US Department of Heath, Education, and Welfare Public Health 
Service Alcohol, Drug Abuse, and Mental Health Administration; 
1976, CGI-S (Clinical Global Impression) 

Iasevoli F, Giordano S, Balletta R, Latte G, Formato MV, Prinzivalli 
E, et al. Treatment resistant schizophrenia is associated with the 
worst community functioning among severely-ill highly-disabling 
psychiatric conditions and is the most relevant predictor of poorer 
achievements in functional milestones. Prog Neuropsychopharmacol 
Biol Psychiatry 2016;65:34–48. 

Joober R, Boksa P, Benkelfat C, Rouleau G, Boksa B. Genetics of 
schizophrenia:from animal models to clinical studies. Rev Psychiatr 
Neurosci J Psychiatry Neurosci 2002;27(5):336–47.

Juarez-Reyes MG, Shumway M, Battle C, Bacchetti P, Hansen MS, 
Hargreaves WA. Restricting clozapine use: the impact of stringent 
eligibility criteria. Psychiatric Serv 1995;46:801–6. 

Kane J, Honigfeld G, Singer J, Meltzer. Clozapine for the treatment-
resistant schizophrenic. A double-blind comparison with chlorprom-
azine. Arch Gen Psychiatry 1988;45(9):789-796. 

Kane J, Potkin Agid O, Foussias G, Remington G. Using treatment re-
sponse to subtype schizophrenia: proposal for a new paradigm in 
classification. Schizophr Bull 2013;39:1169–72. 

Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome 
scale (PANSS) for schizophrenia. Schizophr Bull 1987;13(2):261–76.

Kempisty B, Mostowska A, Gorska I, Luczak M, Czerski P, Szczepankiewicz 
A, et al. Association of 677C>T polymorphism of methylenetetrahy-
drofolate reductase (MTHFR) gene with bipolar disorder and schiz-
ophrenia. Neurosci Lett 2006;400:267–271.

Kennedy JL, Altar CA, Taylor DL, Degtiar I, Hornberger JC. The social 
and economic burden of treatment-resistant schizophrenia:a system-
atic literature review. Int Clin Psychopharmacol 2014;29(2):63–76. 

Krebs MO, Bellon A, Mainguy G, Jay TM, and Frieling H. One-carbon 
metabolism and schizophrenia:current challenges and future direc-
tions. Trends Mol Med 2009;15(12):562-570. 

Kunugi H, Fukuda R, Hattori M, Kato T, Tatsumi M, Sakai T, et al. 
C677T polymorphism in methylenetetrahydrofolate reductase gene 
and psychoses. Mol Psychiatry 1998;3(5):435-7.

Kurita M, Holloway T, García-Bea A, Kozlenkov A, Friedman AK, 
Moreno JL, et al. HDAC2 regulates atypical antipsychotic responses 
through the modulation of mGlu2 promoter activity. Nat Neurosci 
2012;15(9):1245-54.

Lajin B, Alhaj Sakur A, Michati R, Alachkar A. Association between 
MTHFR C677T and A1298C, and MTRR A66G polymorphisms 
and susceptibility to schizophrenia in a Syrian study cohort. Asian 
J Psychiatr 2012;5:144–9. 

Lee J, Takeuchi H, Fervaha G, Sin GL, Foussias G, Agid O, et al. 
Subtyping Schizophrenia by Treatment Response: Antipsychotic 
Development and the Central Role of Positive Symptoms. Can J 
Psychiatry  2015;60(11):515–522.

Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F, et al. 
Comparative efficacy and tolerability of 15 antipsychotic drugs 
in schizophrenia:a multiple-treatments meta-analysis. Lancet 
2013;382(9896);951–962. 

Lewis SJ, Zammit S., Gunnell D, and Smith GD. A meta-analysis of 
the MTHFR C677T polymorphism and schizophrenia risk. Am J 
Med Genet B Neuropsychiatr Genet 2005;135(1):2–4.

McGrath J, Saha S, Chant D, Welham J. Schizophrenia: a concise 
overview of incidence, prevalence, and mortality. Epidemiol Rev 
2008;30:67-76.

Meltzer H, Kostakoglu A. [Treatment-resistant schizophrenia]. 
In:[Comprehensive care of schizophrenia:a textbook of clinical 
management]. Lieberman J, Murray R (ed). pp. 181–203. Martin 
Dunitz, London, (UK), 2001.

Mohamed A, El-Hadidy, Hanaa MA, Sherin M, Abd EA, and Mohammad 
Al-H. MTHFR. Gene Polymorphism and Age of Onset of Schizophrenia 
and Bipolar Disorder Received. Biomed Res Int 2014;2014:318483.

Muntjewerff JW, Kahn RS, Blom HJ, den Heijer M. Homocysteine, 
methylenetetrahydrofolate reductase and risk of schizophrenia:a 
meta-analysis. Mol Psychiatry 2006;11:143–149.

Nazki FH, Sameer AS, Ganaie BA. Folate: metabolism, gene, poly-
morphism and the associated diseases. Gene 2014;533 (1):11-20. 



Marginean et al 2017

Volume 9 | Issue 4 Page 129 
HVM Bioflux

http://www.hvm.bioflux.com.ro/

Ozbek Z, Kucukali CI, Ozkok E, Orhan N, Aydin M, Kilic G, et al. 
Effect of the methylenetetrahydrofolate reductase gene polymor-
phisms on homocysteine, folate and vitamin B12 in patients with 
bipolar disorder and relatives. Prog Neuropsychopharmacol Biol 
Psychiatry 2008;5(32):1331–1337. 

Peerbooms OL, van Os J, Drukker M, Kenis G, Hoogveld L, et al. 
Meta-analysis of MTHFR gene variants in schizophrenia, bipolar 
disorder and unipolar depressive disorder: evidence for a common 
genetic vulnerability?. Brain Behav Immun 2011;25(8):1530-43. 

Regland B, Germgard T, Gottfries CG, Grenfeldt B, Koch-Schmidt 
AC. Homozygous thermolabile methylenete-trahydropholate re-
ductase in schizophrenia-like psychosis. J Neural Transmission 
1997;104(8-9):931-941.

Schennach R, Riedel M, Musil R, Möller H-J. Treatment Response 
in First-episode Schizophrenia. Clin Psychopharmacol Neurosci 
2012;10(2):78-87. 

Sugden C, One-carbon metabolism in psychiatric illness. Nutrition 
Research Reviews 2006:19(1):117–136. 

Sullivan PF, Kendler KS, Neale MC. Schizophrenia as a Complex Trait. 
Arch Gen Psychiatry. 2003;60(12):1187-92. 

Van der Put NMJ, Gabreels F, Stevens EM, Smeitink JA, Trijbels FJ, 
Eskes TK, et al. A second common mutation in the methylenetet-
rahydrofolate reductase gene: An additional risk factor for neural-
tube defects? Am J Hum Genet 1998;62:1044–1051.

World Health Organization. ICD-10 Classification of mental and 
Behavioural Disorder:Clinical Descriptions and Diagnostic Guidelines. 
Geneva, Switzerland:World Health Organization;1992;Available 
from:http://apps.who.int/iris/handle/10665/37958

Yan J, Wang W, Gregory JF 3rd, Malysheva O, Malysheva O, Brenna 
JT, Stabler SP, et.al. MTHFR C677T genotype influence the iso-
topic enrichment of one-carbon metabolites in folate-compromised 
men consuming d9-choline. Am J Clin Nutr 2011;93(2):348-55. 

Yoshimi A, Aleksic B, Kawamura Y, Takahashi N, Yamada S, Usui H, 
et al. Gene-wide association study between the methylenetetrahydro-
folate reductase gene (MTHFR) and schizophrenia in the Japanese 
population, with an updated meta-analysis on currently available 
data. Schizophrenia Research 2010;124(1–3):216–222. 

Zintzaras E. C677T and A1298C methylenetetrahydrofolate reduc-
tase gene polymorphisms in schizophrenia, bipolar disorder and 
depression:a meta-analysis of genetic association studies. Psychiatric 
Genetics. 2006;16(3):105–115.

Authors
•Corina Marginean, Clinic of Psychiatry I, Cluj County Clinical 
Emergency Hospital Cluj-Napoca, “Iuliu Hatieganu” University 
of Medicine and Pharmacy, 43 Victor Babes Street, 400012 
Cluj-Napoca, Cluj, Romania, EU, email: corina_nc@yahoo.com

•Lucia Procopciuc, Department of Medical Biochemistry, “Iuliu 
Hatieganu” University of Medicine and Pharmacy, 6 Pasteur 
Street, 400349, Cluj-Napoca, Cluj, Romania, EU, email: lu-
ciamariaprocopciuc@yahoo.com

•Liana Fodoreanu, “Iuliu Hatieganu” University of Medicine 
and Pharmacy, 8 Victor Babes Street, 400012, Cluj-Napoca,  
Cluj, Romania, EU, email: liana_fodoreanu@yahoo.com

Citation
Marginean C, Procopciuc L, Fodoreanu L. Implications of MTHFR polymorphisms in 
the development of treatment-resistant schizophrenia. HVM Bioflux 2017;9(4):124-
129. 

Editor Ştefan C. Vesa
Received 9 October 2017

Accepted 22 October 2017

Published Online 22 October 2017
Funding None reported

Conflicts/ 
Competing 

Interests
None reported


