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Abstract 

Accumulating evidence has shown that alterations in one carbon metabolism might play an im-
portant role in the pathogenesis of schizophrenia (SZ). Nicotinamide-N-methyltransferase 
(NNMT) is one of the key enzymes of one-carbon metabolism. To examine whether NNMT gene 
was associated with SZ in Han Chinese population, we selected seven single nucleotide poly-
morphisms (SNPs) in NNMT gene, and investigated its association with SZ from a cohort of 42 SZ 
patients and 86 healthy controls by Mass-ARRAY technology. Statistical analyses revealed that one 
(rs694539) of the SNPs in the female subgroup showed significant difference between SZ patients 
and controls both in genotypic (p= 0.0170) and allelic frequencies (p = 0.0059). We also found that 
the frequency of haplotype ‘A G G C T C T’ in the female patients was significantly higher than in 
controls (p=0.0015). Our results suggest that NNMT rs694539 may have a role in the etiology of 
SZ in a Han Chinese female population. 
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Introduction 
Schizophrenia (SZ) is a genetically complex and 

heterogeneous psychiatric disorder with a lifetime 
prevalence estimated at approximately 1% in world-
wide populations [1]. The disorder is characterized by 
distortion of reality, delusions, hallucinations, altered 
emotional reactivity, disorganized behavior, social 
isolation and cognitive impairment [2]. There are 
gender differences in the onset and prevalence of SZ. 
Males with SZ have a 5-year younger age of onset and 
40% greater risk than the females [3]. A combination 
of genetic and environmental factors plays a role in 
the development of SZ and the former one accounts 
for 80% to 90% of SZ [4]. Accumulated genetic asso-

ciation studies have acknowledged that SZ is a poly-
genic disorder though the effect of each gene is small 
and the penetrance are still largely unknown [5, 6]. 
The exact etiology and molecular mechanism leading 
to the onset of SZ symptoms remains unclear. 
Mounting evidences suggest that alterations in one 
carbon metabolism might play an important role in 
the pathogenesis of SZ [7, 8]. 

Methylenetetrahydrofolate reductase (MTHFR) 
is one of the key enzymes of one-carbon metabolism. 
The C677T allele of MTHFR, associated with higher 
plasma homocysteine [9], was also found to be asso-
ciated with neuropsychiatric disorders including SZ 
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[10-12]. Another enzyme involved in one-carbon me-
tabolism is Nicotinamide-N-methyltransferase 
(NNMT). Human NNMT (EC 2.1.1.1), a cytoplasmic 
enzyme belonging to Phase II conjugating enzymes, is 
expressed in brain and other nervous system [13]. 
This gene spans 16.5 kb on chromosome 11q23.1 and 
consists of three exons and two introns. NNMT cata-
lyzes the transfer of methyl group 
from S-adenosyl-L-methionine (SAM) to nicotinamide 
(NA), generating 1-methylnicotinamide (1MNA) and 
S-adenosylhomocysteine (SAH) which is later hy-
drolyzed to homocysteine [14]. Homocysteine is one 
of the key components of one-carbon metabolism. 
Elevated plasma homocysteine levels were demon-
strated to be associated with an increased risk of SZ 
[15-18], whereas neurocognitive improvement was 
obtained in patients with SZ after the reduction of 
homocysteine levels [19]. Two studies found that 
NNMT gene was significantly associated with hy-
perhomocysteinemia [20, 21]. Giusti et al. [22] found 
an association of polymorphisms across the NNMT 
gene with abdominal aortic aneurism and De Jonge et 
al. suggested an association between NNMT and 
paediatric acute lymphoblastic leukaemia. In an Is-
raeli population, NNMT gene was shown to be asso-
ciated with SZ [23].   Recently, Ali Sazci et al. showed 
that NNMT gene is a genetic risk factor for bipolar 
disorder and nonalcoholic steatohepatitis (NASH) in 
the Turkish population [24, 25]. 

Since no report regarding NNMT and SZ asso-
ciation in Han Chinese population, we conducted the 
first genetic association study to investigate the asso-
ciations of the seven NNMT SNPs with SZ in a 
case-control study. Whether the sex-specific genetic 
associations of these polymorphisms exist in the Han 
population was also explored in this preliminary 
study. 

Material and methods 
Subjects 

The case group comprised 21 females and 21 
males aged from 15 to 53 yrs. (mean age ± SD = 26.8 ± 
9.1 years old). The control group comprised 53 fe-
males and 33 males aged from 20 to 58 yrs (mean age 
± SD = 31.2 ± 9.0 years old). All subjects were unre-
lated Chinese Han nationality. The patients were re-
cruited from the Institute of Psychosomatic Clinic of 
the Third Affiliated Hospital of Xinxiang Medical 
University in Henan Province. They had been hospi-
talized for less than 1 month and fulfilled the Diag-
nostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria for SZ based on the 
diagnostic consensus of two experienced psychia-
trists. The exclusion criteria were: other psychiatric 

disorders, neurological disorders, a history of signifi-
cant drug abuse, drug use in the past year. The 
healthy controls were from the same geographical 
region as the patients and were screened to discard 
psychiatric disease using the 28-scaled global health 
questionnaire [26]. 

This study was approved by the Medical Ethics 
Committee of the Fourth Military Medical University 
and the Medical Ethics Committee of the School of 
Psychosomatic Clinic and the Center of Physical Ex-
amination of the Third Affiliated Hospital of Xinxiang 
Medical University. Signed informed consent docu-
ments were obtained from all participants. 

DNA extraction 
Peripheral whole blood from all 128 individuals 

was treated with EDTA-Na2for anticoagulationand 
stored at -20°C. Genomic DNA was extractedwith the 
RelaxGene Blood DNA System DP319-02 (TIANGEN, 
China). The concentration of genomic DNA was 
measured with NanoDrop 2000 (Thermo Scientific, 
USA).  

Genotyping 
Based on the HapMap database 

(http://www.hapmap.org), the NCBI SNP database 
(www.ncbi.nlm.gov/projects/SNP/), we selected 7 
SNPs with minor allele frequencies (MAFs) >5% ac-
cording to the HapMap database for CHB 
(http://www.hapmap.org). SNP genotyping was 
performed using MassArray system (Sequenom, 
USA). The primer sequences are summarized in Sup-
plementary Material: Table S1. The DNA samples 
were amplified on GeneAmp PCR System 9700 (Ap-
plied Biosystems, USA) and the PCR products were 
subjected for locus-specific single-base extension re-
actions. The resulting products were desalted and 
transferred to a 384 SpectroCHIP array. Allele detec-
tion was performed by a MALDI-TOF mass spec-
trometer. The mass spectrograms were analyzed by 
the Mass ARRAY Typer software version 3.4 (Se-
quenom, USA). 

Statistical analysis 
Each SNP was tested for violation of the Har-

dy–Weinberg Equilibrium (HWE) using Chi-square 
tests (see Table 1). We analyzed differences in the al-
lelic and genotypic distribution frequencies between 
SZ patients and healthy controls for each SNP with 
Pearson's Chi-square tests (SPSS 13.0 software Chi-
cago, IL, USA). Haplotype frequencies were assessed 
by the SHEsis software [27]. Moreover, Gender spe-
cific effect were considered and analyzed. Linkage 
disequilibrium (LD) analysis using the free online 
software Haploview version 4.1 (http://www.broad. 
mit.edu/mpg/haploview/) were performed to ex-
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amine haplotype impact on SZ.P-values below 0.05 
were considered statistically significant. 

 

Results 
Comparison of the allelic and genotypic 
frequencies of SNPs in patients and control 
group 

We chose 7 SNPs (rs694539, rs2256292, 
rs2301128, rs10891645, rs2155806, rs1941398, 
rs2604279) in the NNMT gene for genotyping. The 
position and the location of these 7 SNPs are shown in 
Table 1. No significant deviation from the HWE was 
found in either the patient or control group for all 
seven SNPs (p> 0.05). Statistical analysis revealed no 
significant differences in the frequencies of the geno-
type and allele between the patients and controls 
(Supplementary Material: Table S2). 

To determine the gender effect, genotype and 
allele frequencies in both sexes were assessed (Table 
2). In female samples, the rs694539 showed significant 
difference between SZ patients and controls in the 
genotype (p=0.0170) and allele (p=0.0059, OR=3.009, 
95%CI=1.348~6.716), which was not found in males. 

 
 

Table 1. The position and the location of these seven SNPs. 

SNP Alleles Location Chromosome 
Position(chr.11) 

HWE(p) 

rs694539 A/G 5’near gene 113638629 0.05165 
rs2256292 C/G Intron 114167939 0.55661  
rs2301128 A/G Intron 114167999 0.69132 
rs10891645 A/C Intron 114171247 0.48133 
rs2155806 C/G Intron 114172510 0.69761 

rs1941398 C/G intron 114178056 0.71195 
rs2604279 C/T Intron 114178541 0.63002 
HWE: Hardy-Weinberg Equilibrium. 

 
 
 
 

Table 2. Distribution of NNMT genotypes and alleles between SZ cases and controls in female and male samples. 

SNP Haplo-
type/Allele 

Female Cases Controls P-value OR(95%CI) Male Cases Controls P-value OR(95%CI) 

rs694539* 
 
 
 

AA 2(0.095) 1(0.019)   0(0.000) 2(0.061)   
AG 12(0.571) 16(0.302)   9(0.429) 17(0.515)   
GG 7(0.333) 36(0.679) 0.0170  12(0.571) 14(0.424) 0.3588  
A 16(0.381) 18(0.170)   9(0.214) 21(0.318)   
G 26(0.619) 88(0.830) 0.0059 3.009(1.348~6.716) 33(0.786) 45(0.682) 0.2399 0.584(0.237~1.439) 

rs2256292 
 
 
 
 

CC 1(0.048) 9(0.170)   4(0.190) 1(0.030)   
CG 11(0.524) 26(0.491)   7(0.333) 18(0.545)   
GG 9(0.429) 18(0.340) 0.3640  10(0.476) 14(0.424) 0.0871  
C 13(0.310) 44(0.415)   15(0.357) 20(0.303)   
G 29(0.690) 62(0.585) 0.2341 0.632(0.295~1.350) 27(0.643) 46(0.697) 0.5581 1.278(0.562~2.904) 

rs2301128 
 
 
 
 

AA 0(0.000) 1(0.019)       
AG 4(0.190) 11(0.208)   3(0.143) 7(0.212)   
GG 17(0.810) 41(0.774) 0.8015  18(0.857) 26(0.788) 0.5229  
A 4(0.095) 13(0.123)   3(0.071) 7(0.106)   
G 38(0.905) 93(0.877) 0.6374 0.753(0.231~2.457) 39(0.929) 59(0.894) 0.5449 0.648(0.158~2.660) 

rs10891645 
 
 
 

AC 2(0.095) 5(0.094)   3(0.143) 5(0.152)   
CC 19(0.905) 48(0.906) 0.9905  18(0.857) 28(0.848) 0.9304  
A 2(0.048) 5(0.047)   3(0.071) 5(0.076)   
C 40(0.952) 101(0.95) 0.9907 1.010(0.188~5.421) 39(0.929) 61(0.924) 0.9332 0.938(0.212~4.150) 

rs2155806 
 
 
 

CC 1(0.048) 0(0.000)   1(0.048) 0(0.000)   
CT 5(0.238) 14(0.264)   4(0.190) 9(0.273)   
TT 15(0.714) 39(0.736) 0.2762  16(0.762) 24(0.727) 0.3767  
C 7(0.167) 14(0.132)   6(0.143) 9(0.136)   
T 35(0.833) 92(0.868) 0.5867 1.314(0.490~3.527) 36(0.857) 57(0.864) 0.9242 1.056 (0.346~3.216) 

rs1941398 
 
 
 
 

CC 13(0.619) 36(0.679)   11(0.524) 19(0.576)   
CG 7(0.333) 17(0.321)   7(0.333) 13(0.394)   
GG 1(0.048) 0(0.000) 0.2707  3(0.143) 1(0.030) 0.3036  
C 33(0.786) 89(0.840)   29(0.690) 51(0.773)   
G 9(0.214) 17(0.160) 0.4372 0.700(0.284~1.725) 13(0.310) 15(0.227) 0.3417 0.656(0.274~1.568) 

rs2604279 
 
 
 

CC     2(0.095) 0(0.000)   
CT 6(0.286) 11(0.208)   6(0.286) 10(0.303)   
TT 15(0.714) 42(0.792) 0.4711  13(0.619) 23(0.697) 0.1947  
C 6(0.143) 11(0.104)   10(0.238) 10(0.152)   
T 36(0.857) 95(0.896) 0.5014 1.439(0.496~4.180) 32(0.762) 56(0.848) 0.2588 1.750(0.658~4.655) 
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Table 3. Estimation of LD between each pair of Loci. in NNMT. 

 rs694539 rs2256292 rs2301128 rs10891645 rs2155806 rs1941398 rs2604279 
rs694539 － 0.056 0.007 0.019 0.017 0.011 0.016 
rs2256292 0.547 － 0.210 0.035 0.021 0.093 0.062 
rs2301128 0.422 0.998 － 0.007 0.017 0.006 0.002 
rs10891645 0.966 0.998 0.995 － 0.261 0.147 0.201 
rs2155806 0.553 0.479 0.926 0.828 － 0.437 0.127 
rs1941398 0.351 0.786 0.424 0.795 0.845 － 0.632 
rs2604279 0.526 0.807 0.294 0.738 0.361 1.00 － 
D’-value is shown below the subtraction sign, and r2-value is shown above the subtraction sign. 

 

Table 4. Comparison of haplotype frequencies for seven SNPs (rs694539, rs2256292, rs2301128, rs10891645, rs2155806, rs1941398, 
rs2604279) between SZ cases and controls. 

Haplotype Case(freq) Control(freq) Chi2 P-value Odds Ratio (95%CI) 
Total      
A G G C T C T 17.78(0.212) 28.02(0.163) 0.559 0.454821 1.290 [0.661~2.521] 
G C A C T C T 7.00(0.083) 15.60(0.091) 0.111 0.738690 0.853 [0.334~2.176] 
G C G C T C T 17.19(0.205) 38.66(0.225) 0.369 0.543393 0.818 [0.428~1.564] 
G GG A C G C 4.95(0.059) 6.98(0.041) 0.305 0.580956 1.395 [0.426~4.563] 
G GG C C G T 3.79(0.045) 4.13(0.024) 0.688 0.406927 1.811 [0.437~7.507] 
G GG C T C T 18.23(0.217) 45.65(0.265) 1.235 0.266395 0.701 [0.373~1.314] 
G GG C T G C 5.82(0.069) 11.37(0.066) 0.001 0.980412 0.987 [0.349~2.789] 
A G G C T G C 3.18(0.038) 0.00(0.000) 6.222 0.012635  
Female      
A G G C T C T* 15.99(0.381) 13.86(0.131) 10.131 0.001465 3.780 [1.620~8.820] 
G C A C T C T 4.00(0.095) 8.97(0.085) 0.005 0.942124 1.047 [0.303~3.617] 
G C G C C G C 2.00(0.048) 0.80(0.008) 2.335 0.126449 6.081 [0.708~52.257] 
G C G C T C T 6.00(0.143) 26.51(0.250) 2.691 0.100917 0.448 [0.169~1.188] 
G GG A C G C 2.00(0.048) 3.99(0.038) 0.035 0.852335 1.179 [0.207~6.711] 
G GG C C G T 3.00(0.071) 3.00(0.071) 0.253 0.615024 1.461 [0.331~6.453] 
G GG C T C T 7.00(0.167) 32.25(0.304) 3.857 0.050000 0.406 [0.162~1.016] 
G GG C T G C 1.00(0.024) 4.49(0.042) 0.168 0.681820 0.505 [0.078~3.260] 
Male      
A C A C T C T 0.00(0.000) 4.00(0.061) 2.933 0.086768  
A C G C T C T 1.70(0.040) 4.56(0.069) 0.553 0.457037 0.508 [0.083~3.111] 
A G G C C G T 0.01(0.000) 2.00(0.030) 0.775 0.378611 0.004 [0.000~0.080] 
A G G C T C T 3.63(0.086) 8.44(0.128) 0.713 0.398571 0.573 [0.155~2.112] 
G C G C T C T 9.64(0.229) 5.72(0.087) 3.492 0.061692 2.854 [0.922~8.834] 
G GG C T C T 12.05(0.287) 26.24(0.398) 2.537 0.111177 0.500 [0.212~1.179] 
G GG C T G C 5.98(0.142) 5.00(0.076) 0.894 0.344342 1.830 [0.516~6.484] 
A G G A C G C 2.00(0.048) 0.00(0.000) 2.907 0.088176  
G GG C C G T 2.33(0.055) 0.00(0.000) 3.398 0.065270  

 
 

LD relationships among the SNPs 
Table 3 presented the results of the LD tests 

(noted as D’ and r2) between each locus in NNMT. 
According to these results, LD (D’>0.8) was observed. 
As shown in Table 3, the associated SNP rs2256292 
and two SNPs (rs10891645, rs2301128) were observed 
in the LD block for NNMT. The haplotype analysis 
did not reveal any significant association among SZ 
and the controls, which was also not found in males 
and females (Supplementary Material: Table S3). 
Haplotypes with seven loci (rs694539, rs2256292, 
rs2301128, rs10891645, rs2155806, rs1941398, 
rs2604279) of NNMT gene polymorphisms were ana-
lyzed (Table 4). All those frequency less than 0.03 will 
be ignored in analysis. We found no significant dif-
ference for haplotype in all cases and controls. When 

analyzed in the gender-specific samples, the fre-
quency of haplotype ‘A G G C T C T’ was 38.1% of 
cases, which is significantly higher than in con-
trols(13.1%), and the odds ratios were 3.780 (95% 
CI=1.620~8.820, p =0.0015), between the female pa-
tients and controls. 

Discussion 
SZ is a multifactorial disease, with contributions 

from multiple susceptibility genes, epigenetic, and 
environmental factors. Although the exact mechanism 
of SZ remains unknown, the role of impaired one 
carbon metabolism in the pathogenesis of psychiatric 
disorders has been studied by many researchers. 
Currently, we attempted to establish an association 
between the polymorphisms in NNMT genes and SZ 
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in a Han Chinese population. 
For the female subgroup, the rs694539, the fre-

quencies of genotype and allele were significantly 
different between the SZ patients and the controls. We 
also found that the frequency of haplotype ‘A G G C T 
C T’ was significantly higher in the female patients 
than controls. Thus, the haplotype ‘A G G C T C T’ 
may have a higher risk for the female SZ. In previous 
research, the frequency of the SNP rs694539 was also 
reported to be significantly different between cases 
and control groups in many neurodegenerative dis-
eases. The rs694539 variant has previously been found 
to be associated with elevated plasma homocysteine 
levels in 398 Spanish subjects [22]. Bromberg et al. 
found the rs694539 was associated with SZ in an Is-
raeli population [26]. Ali Sazci et al. [24, 25] suggested 
that the rs694539 variant of NNMT gene was a genetic 
risk factor for bipolar patients and for developing 
NASH, and demonstrated a sex-dependent suscepti-
bility within the NNMT gene for bipolar in a Turkish 
population. Interestingly, our study also identified a 
gender-related statistically significant association for 
the rs694539 in the genotypic and allelic comparison 
between the female SZ and controls, suggesting that 
the rs694539 variant of NNMT gene might play a role 
in female SZ. 

The rs694539 SNP, located upstream (at the 
114133419th bp, G>A transition; dbSNP) of the 
NNMT gene in the noncoding region, affects the reg-
ulation of transcription [23]. This impact is proposed 
to alter the cellular pathways, thus causing genetic 
risk for psychiatric disorders [28]. Therefore, the 
rs694539 was a key risk factor related to SZ. The role 
of this variant of NNMT gene in SZ disorder is un-
clear, though dysregulation of epigenetics and/or 
elevated homocysteine and/or disturbed the nico-
tinamide levels may be one of the underlying causes 
[27]. 

This study suffers from some limitations. The 
cohort being analyzed consists of a relatively small 
sample size. Etiological heterogeneity and clinical 
heterogeneity cannot be rule out as these may influ-
ence both the genotypic and allelic distribution of the 
NNMT gene in SZ. Further investigations using larger 
sample sizes and family-based studies will add valu-
able insight into the understanding of genetic pre-
disposition in SZ. 

In conclusion, the rs694539 variant of NNMT 
gene may play a role in the etiology of SZ in a Han 
Chinese female population. 

Supplementary Material 
Tables S1-S3.  
http://www.medsci.org/v11p1234s1.pdf 
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