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Abstract. Genetic factors play an important role in the patho‑
genesis of schizophrenia (SZ), and the zinc finger protein 804a 
(ZNF804a) gene has been considered to be a risk gene for 
schizophrenia. In the present study, the correlation between 
rs1344706 polymorphism of ZNF804a gene and the integrity 
of white matter in schizophrenic cases was explored. A total of 
60 SZ patients and 100 healthy controls (HC) were included to 
undergo head MRI. According to the genotyping of rs1344706 
in ZNF804a, the subjects in each group were divided into a 
normal allele and risk allele‑carrying group. The imaging data 
were preprocessed by PANDA software, and thefractional 
anisotropy (FA) of each subject was calculated. With SPM8 
software, age and years of education were considered as 
covariates, and diagnosis as well as genotype (AA, GG/AG) 
were considered as intergroup factors. Four groups of FA 
images were analyzed by two‑factor analysis of variance. The 
FA value of the right posterior radiocrown in the patient group 
was lower than that in the control group, and the difference 
was statistically significant. The FA value of the right lower 
frontal occipital tract and the right upper radiocrown in the 
G allele carrier group was lower than that in the A allele homo‑
zygous group. There was detection of an interaction between 
the FA value of the splenium of corpus callosum, the body 

part of the corpus callosum and the right cingulate tract. In the 
present study, it was demonstrated that the rs1344706 GG/AG 
genotype of the ZNF804a gene locus in SZ patients suffered 
from abnormal structure in a specific region of the brain. This 
finding indicated that the rs1344706 single nucleotide poly‑
morphism of the ZNF804a gene may affect the integrity of the 
white matter of the brain in SZ patients and may be involved 
in the pathophysiological mechanism of SZ.

Introduction

Schizophrenia (SZ) belongs to a group of serious mental 
diseases whose etiology is not completely known. The key 
clinical characteristics of this disease include perceptual, 
thinking, emotional and behavioral disorders  (1,2). The 
lifetime prevalence rate is approximately 1%. The onset age 
of SZ is early and the disease has a chronic progression (3). 
Progressive aggravation or deterioration, accompanied by 
social dysfunction along with high disability rate and death 
rate can create a great burden to the society (4). At present, 
the pathogenesis of SZ is unclear, however results obtained 
from prior studies have revealed that genetic factors play an 
important role in the pathogenesis of SZ (5,6).

With the development of molecular genetics, numerous 
genes have been revealed to be closely related to the patho‑
genesis of SZ (7). It has been revealed that the zinc finger 
protein  804a  (ZNF804a) gene polymorphism was closely 
related to the susceptibility of schizophrenia and the efficacy 
of antipsychotics (8,9). ZNF804a gene can control the forma‑
tion of synapses, the proliferation of neurites and the migration 
of neurons. It plays an important role in the development of 
central nervous system (10). ZNF804a gene can regulate the 
expression of schizophrenia‑related genes, such as dopa‑
mine D2 receptor, catecholamine oxidative methyl transferase, 
and phosphodiesterase 4B gene  (11). ZNF804a which is 
located on chromosome 8p12‑21, acts on the epidermal growth 
factor receptor (EGFR) family. It spans over 1.4 trillion bases 
and encodes 15 types of proteins. ZNF804a has been also 
revealed to play a role in white matter development and SZ 
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susceptibility (12). Other studies revealed that the G‑A allele 
mutation may increase the risk of SZ and affect the cognitive 
function of SZ patients (13,14). It has also been revealed that the 
genetic defects and neurodevelopmental abnormalities of SZ 
were related to the dysfunction of glutamatergic neurons (15). 
The mutation of the ZNF804a gene in some SZ patients leads 
to the dysregulation of the glutamatergic synapse and nerve 
fiber, which leads to the abnormal development and function 
of the nerve fiber, and affects the development of brain white 
matter (16). In addition, it has been revealed that ZNF804a 
can regulate GABA energy transmission by pre‑synaptic 
ErbB4 receptor  (17). Any changes to the ZNF804a gene 
sequence may lead to abnormal development of GABAergic 
interneurons, and the abnormal signal transmission of these 
neurons may be a step in the pathogenesis of SZ  (13,18). 
These studies indicated that ZNF804a gene abnormality may 
affect the development of white matter in the brain. This may 
be related to the pathogenesis of SZ. These previous studies 
also revealed that any abnormality in white matter plays an 
important role in the pathogenesis of SZ. At present, diffusion 
tensor imaging (DTI) is the only non‑invasive method used for 
observing and tracking the white matter fiber bundle (19). The 
fractional anisotropy (FA) of water molecules is the propor‑
tion of anisotropic components of water molecules in the total 
diffusion tensor, and its variation range is from 0 to 1 (20). 
DTI reflects the integrity of white matter and the abnormality 
of white matter fiber bundle by measuring the FA value (21). 
It has been revealed that the FA value is decreased in patients 
suffering from disorder in myelination of the central nervous 
system (22). This observation demonstrated that the FA value 
is an abnormal sensitive factor in the measurement of myelina‑
tion. A decrease in the FA value reflects the abnormality of 
white matter fiber bundle, such as the decrease of axon density 
and number, the abnormality of oligodendrocyte and myelin 
lecithin (23). According to these findings, the application of 
DTI technology can better clarify the changes of brain white 
matter.

Several researchers have revealed a wide range of brain 
areas with abnormal white matter in SZ patients. These areas 
include the corpus callosum, the cingulate tract, the upper and 
lower longitudinal tracts, the lower fronto‑occipital tract and 
the radial crown (24‑26). A previous study demonstrated that 
compared with HC, the FA value of white matter in SZ patients 
is substantially decreased. These areas include bilateral poste‑
rior radial crowns, bilateral posterior optic nerve internal 
capsule, bilateral posterior thalamic radiation, left anterior 
radial crowns, left upper longitudinal bundle, left sagittal 
plane, right cerebral foot and knee of corpus callosum (27).

Previous studies on ZNF804a polymorphism revealed 
that the white matter density of the anterior limb of the inner 
capsule and the connectivity of the DTI structure in the same 
region of the TT homozygote, the risk gene of rs1344706, was 
decreased in healthy subjects (28,29). These results revealed 
that ZNF804a not only affected the migration of neurons, the 
growth of axons and myelin sheath, but also was related to 
the decrease of white matter density and integrity in human 
subjects (30). The decrease in the FA value of the anterior 
cingulate in SZ patients with rs1344706 allele indicates 
that ZNF804a mutation may negatively affect the anterior 
cingulate in SZ patients (31). However, for the ZNF804a site 

rs1344706, it has been revealed that the GG homozygote of 
the ZNF804a site rs1344706 was related to the increased risk 
of early onset of SZ. It has also been suggested that the muta‑
tion of rs1344706 in ZNF804a gene may affect the cognitive 
function of SZ patients (32). There is also research revealing 
that ZNF804a site rs1344706 has no significant effects on 
the cognitive ability of SZ patients. It has been reported that 
genetic variation related to different pathways may affect the 
brain structure and function of SZ patients  (33). However, 
the exact association between rs1344706 polymorphism of the 
ZNF804a gene locus and the whole brain white matter integ‑
rity of SZ patients is not clearly understood. In addition, the 
internal mechanism of rs1344706 and the whole brain white 
matter integrity of SZ patients is not clear. There have been few 
studies on the interaction between rs1344706 single nucleotide 
polymorphism of the ZNF804a gene and brain white matter 
integrity of SZ patients, as well as the physiological roles in 
cell differentiation, proliferation, and inflammatory processes, 
which may be part of MS/SZ common pathophysiological 
processes that participate in the pathophysiological mecha‑
nism of SZ (34).

Materials and methods

Research subjects. In total, 160 subjects, including 76 males and 
84 females, aged 14 to 50 years (average age, 42.1±4.3 years) 
were enrolled in the present study, diagnosed and treated at 
the Department of MRI of the Third Affiliated Hospital of 
Qiqihar Medical University (Qiqihar, China) from May 2018 
to February 2019. There were 60 SZ patients and 100 healthy 
controls (HC). Inclusion criteria for the SZ group were as 
follows: The diagnosis of mental illness was confirmed by 
structured clinical interview using the DSM IV classification 
system (35). All patients with SZ were assessed with the Brief 
Psychiatric Rating Scale (BPRS) (36). In the HC group, there 
was no disease history diagnosed by DSM‑IV axial workers 
and no disease history diagnosed by first‑degree relatives. 
No psychiatric drugs were taken in the previous month. The 
exclusion criteria were as follows: History of major physical 
diseases, unstable physical diseases, IQ less than 70; autism 
or extensive developmental disorders; or claustrophobia. The 
study was approved by the Ethics Committee of The Third 
Affiliated Hospital of Qiqihar Medical University. Signed 
written informed consents were obtained from the patients 
and/or guardians.

Genotyping. Peripheral venous blood (2 ml) was collected on 
an empty stomach at 8:00 am on the day of collection. Plasma 
was removed using low‑speed centrifugation (500 x g for 
10 min) at 37˚C. Red blood cell lysate containing 150 mm/l 
NH4Cl, 10 mmol/l KHC03 and 0.1 mmol/l EDTA was used 
to separate white blood cells. After 6 h of treatment with 
SDS lysate + proteinase K, proteins were extracted using 
phenol/chloroform. After centrifugation at 2,000 x g for 5 min 
at 37˚C, the supernatant was collected, and the genomic DNA 
was precipitated with 75% ethanol. The extracted DNA was 
stored at ‑80˚C for later use. Venous blood samples (2 ml) 
were collected, and the single nucleotide polymorphism 
(SNP) typing kit (product no.  HNSV‑01; Sigma‑Aldrich; 
Merck KGaA) was used to detect 160 samples for 22 SNP 
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genotyping. In the present study, only the G/A genotype at 
rs1344706 of ZNF804a gene was used. The PCR primers were 
as follows: rs1344706 forward, 5'‑AAA​CCT​TTG​GAA​TGG​
TGC​CTT​GA‑3' and rs1344706 reverse, 3'‑CTT​ATT​GCT​GGG​
GGC​AGT​CTC​TAC‑5'.

The PCR conditions were as follows: First denaturation 
at  95˚C for 2  min, then denaturation at  94˚C for 20  sec, 
annealing at 65˚C for 40 sec, extension for 1.5 min at 72˚C for 
11 cycles; then the annealing temperature of each cycle was 
decreased to 59˚C, and finally denaturation at 94˚C for 20 sec, 
annealing at 59˚C for 30 sec, and extension for 1.5 min at 72˚C 
for 24 cycles.

Interpretation of results: The alleles determined by the 
analysis were G and A alleles, which were divided into AA, AG 
and GG genotypes. The genotype and diagnosis were divided 
into four groups, including the SZ AA group (A allele control 
group of SZ patients, 24 people), SZ‑GG/AG group (G‑risk 
allele carrier group of SZ patients, 36 people), HC‑AA group 
(A allele control group of HC, 58 people) and HC‑GG/AG 
group (G‑risk allele carrier group of HC, 42 people).

Brain MRI examination methods. All subjects were scanned 
with MRI when they were enrolled in the study. Using the 
65 layers scanned by the GE Discovery MR750w 3.0T MRI 
scanner. The thickness of the layer was 2  mm3, the layer 
spacing was 1 mm, the voxel size was 2 mm3, and the diffusion 
gradient was applied in 25 directions, B=1000 smm.

Processing of experimental data and statistical analysis. The 
standardized FA images of each subject were obtained, and 
registered on a 1x1x1 mm3 standard spatial image mni‑152. 
We used Pipeline for Analyzing Brain Diffusion Images DTI 
(PANDA software) (http://www.nitrc.org/projects/panda) 
in order to preprocess the data. The steps included head 
movement and eddy current correction, removal of motion 
artifacts caused by head movement, removing excess scalp 
and brain tissue, and fitting a tensor model by least squares 
method to calculate and obtain the FA value. Subsequently, 
the FA brain map was calculated and smoothed by 6 mm3 
half height and full width Gaussian kernel for the next step 
of analysis and statistics. SPSS 13.0 (SPSS, Inc.) was used 
for statistical analysis. Chi square test, two‑sample unpaired 
t‑test and two‑factor factorial design analysis of variance 
(ANOVA) were used for data statistical analysis. Scheffe's 
post hoc test was used following ANOVA. Diagnosis (SZ and 

HC) and genotype (AA, GG/AG) were used as intergroup 
factors. Two‑factor ANOVA (GRF correction, voxel level 
P<0.05, regional level P<0.05) was carried out on four groups 
of FA images with SPM8 software (https://www.fil.ion.ucl.
ac.uk/spm/software/spm8/), with diagnosis (SZ and HC) and 
genotype (AA and GG/AG) as intergroup factors, and age and 
years of education as covariates. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Statistical results of the clinical data in the present study. 
In total, 160 subjects were divided into four groups: SZ‑AA 
group (A allele control group of SZ patients), SZ‑GG/AG 
group (G risk allele carrier group of SZ patients), HC‑AA 
group (A allele control group of HC) and HC‑GG/AG group 
(G risk allele carrier group of HC). Statistical analysis of 
demographic and clinical data revealed that there was no 
significant difference between the four groups with regard to 
sex and the course of disease between the two genotypes of SZ 
patients (P>0.05). There were significant differences in age, 
education years and BPRS scores (P<0.05). Detailed demo‑
graphic data and statistical results are presented in Table I. 
The distribution of the rs1344706 genotype of ZNF804a gene 
in all samples was in accordance with the Hardy‑Weinberg 
genetic equilibrium law  (16) (P>0.05), and the selected 
samples were representative of the population. The secondary 
allele frequency was 26.7%. The genotype frequency of SZ: 
χ2=0.238 and P=0.626 (Table II).

DTI analysis of multivariate ANOVA. i) Main effect of diag‑
nosis: The FA value of the right posterior radiocrown in the SZ 
group was lower than that in HC group, with statistical signifi‑
cance (Table III; Fig. 1); and ii) main effect of the gene: The FA 
value of the right lower frontal occipital tract and right upper 
radiocrown in the GG/AG group was lower than that in the AA 
group, with statistical significance (Table III; Figs. 2 and 3).

Discussion

In the present study, the rs1344706 polymorphism of ZNF804a 
gene was compared between a patient group (SZ) and a control 
group (HC). The results indicated that: i) the main effect of 
disease factors revealed that the FA value of the right poste‑
rior radiocrown in the SZ group was significantly lower than 

Table I. Demographic and clinical data.

	 SZ (n=60)	 HC (n=100)
	------------------------------------------------------------	-------------------------------------------------------------- 
Index	 AA (n=24)	 GG/AG (n=36)	 AA (n=58)	 GG/AG (n=42)	 P‑value

Sex, M/F	 11/24	 4/36	 25/58	 21/42	 χ2=4.451	 0.220
Age (years)	 24.1±6.0a	 26.5±8.2a	 34.7±8.9a	 31.8±10.0a	 F=16.566	 <0.05
Education years	 12.0±4.4a	 13.1±4.2a	 14.5±4.6a	 15.4±5.0a	 F=3.428	 0.019
Course of disease (mouth)	 10.5±6.3	 11.0±6.0			   t=0.361	 0.719
BPRS score	 57.8±23.2a	 51.8±18.1a	 25.3±5.8a	 25.9±6.4a	 F=59.312	 <0.05

aP<0.05. BPRS, Brief Psychiatric Rating Scale; HC, healthy control group; SZ, schizophrenia group.
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that in the HC group; ii) the main effect of rs1344706 poly‑
morphism in the ZNF804a gene revealed that the FA value 
of the right lower occipital east and right upper radiocrown 
were significantly lower; and iii) the interaction of the same 
gene polymorphism in the SZ group revealed that the FA 
value of the patient group was significantly lower than that in 
the control group, Compared with the AA control group, the 
FA value in the splenium of the corpus callosum, the body part 
of the corpus callosum part and the right cingulate tract in the 
gene carrier group was significantly decreased. The findings 
of Cui et al (16) suggest that ZNF804A affects the resting‑state 
functional activation by interacting with COMT and may 
improve our understanding of the neurobiological effects of 
ZNF804A and its association with schizophrenia (16,37).

The FA value of the SZ group was significantly lower than 
that of HC group. The corona radiata is a radial fiber from the 
inner capsule to the cerebral cortex (38). It is the main fiber 
bundle connecting the frontal lobe and other brain areas and 
regulates sensation and perception. It is mainly related to the 
cognitive functions of language and memory processing and 
may be related to positive mental symptoms such as auditory 
hallucinations (7). Luhrmann et al (38) reported that the FA 
value of the white matter radiation crown in SZ patients was 
decreased. Zhao et al also discovered a decrease in the FA 
value of the radiation crown in SZ patients (39). These findings 

Table II. Hardy‑Weinberg equilibrium constant.

	 Allele frequency (%)	 Genotype frequency (%)
	----------------------------------------	----------------------------------------------------------------------- 
Groups	 G	 A	 GG	 AG	 AA	 χ2	 P‑value

SZ	 26.7	 73.3	 7.1	 32.1	 60.7	 0.238	 0.626
HC	 23.2	 76.8

G and A are alleles of rs1344706 at the SNP site of the ZNF804a gene. The chi square test revealed a P>0.05 which was consistent with the 
Hardy‑Weinberg equilibrium law, with no statistical significance. HC, healthy control group; SZ, schizophrenia group.

Table III. Results of two‑factor ANOVA.

	 Maximum difference pointa

	 MNI coordinateb

	----------------------------------------------------------------
Brain area	 Voxel no.	 x	 y	 z	 FA valuec

Main effect of diagnosis
  Right rear radial crown	 42	 52	 ‑34	 20	 18.04
  Right lower frontal screening bundle	 26	 14	 ‑86	 ‑8	 14.17
  Right upper radial crown	 29	 24	 ‑8	 26	 17.67
Diagnosis x gene interaction					   
  Splenium of the corpus callosum	 55	 22	 ‑48	 6	 16.18
  Corpus callosum/right cingulate gyrus	 49	 12	 ‑10	 36	 12.69

aMaximum difference point, the point with the largest FA value in the brain area with statistical difference; bMNI coordinate, the three-
dimensional positioning space of human brain developed by the Montreal Institute of Neurology (x, y, z indicate three‑dimensional coordinate 
vectors). cAll the brain areas with statistical difference had a GRF correction P<0.05. MNI, Montreal Neurological Institute; FA, fraction 
anisotropic.

Figure 1. DTI analysis of multivariate ANOVA: Main effect of diagnosis. 
Brain regions with statistically significant difference in the FA value. L, repre‑
sents the left hemisphere; R, represents the right posterior radiocrown of the 
right hemisphere; A, represents the right posterior radial crown. DTI, diffu‑
sion tensor imaging; ANOVA, analysis of variance; FA, anisotropic fraction.
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which were related to the facial expression recognition func‑
tion of patients, were consistent with our results presented in 
the present study. These findings suggest that the local white 
matter fiber bundle and other micro structure abnormalities of 
the radiation crown may be related to the pathological mecha‑
nism of SZ, however there was no gene correlation. Research 
by Meller et al which focused on the relationship between 
ZNF804 gene polymorphism and Alzheimer's disease did 
not evaluate the clinical indications of patients, but our study 
focused more on the correlation between ZNF804 gene and 
clinical manifestations of schizophrenia disease, such as MRI 
examination and analysis of the white matter of the head of 
patients (37). Other studies (5,11,12) revealed that the FA value 
of the right anterior radiocrown was positively correlated to 
the age of onset, although no decrease in the FA value of the 
SZ group compared with the HC group was reported. These 
results were inconsistent with the results of the present study. 
This inconsistence may be related to the age difference and our 
small sample size. Consistent with a previous study suggesting 
that functional connectivities within the frontoparietal central 
executive network are prone to the effect of working memory 

training (22), the present study provided direct RCT evidence 
for the effect ofrs1344706 polymorphism of ZNF804a gene 
related to the integrity of white matter fiber bundle in schizo‑
phrenics (39).

In the area where the FA value of the GG/AG genotype in 
the SZ group demonstrated a significant decrease, we revealed 
for the first time, to the best of our knowledge, that the FA 
value of thesplenium of the corpus callosum, the body part of 
the corpus callosum and right cingulate band in the patient risk 
gene carrier group was lower than that in the control group. 
It has been revealed that the dysfunctionality of the glutama‑
tergic system is related to genetic polymorphism (40‑42). In 
the present study, it was theorized that rs1344706 of ZNF804a 
gene may affect the white matter function in SZ patients 
through the hypothesis of ‘glutamatergic dysfunction’. The 
corpus callosum is an important nerve fiber bundle connecting 
the left and right cerebral hemispheres, which is divided into 
four parts: The splenium part, the body part, the genu part 
and the rostrum part. It is responsible for the integration of 
the perception and cognitive functions between the two hemi‑
spheres, as well as the transmission of information such as 

Figure 2. DTI analysis of multivariate ANOVA: Main effect of the gene. Brain regions with statistically significant difference in the FA value. L represents the 
left hemisphere; R represents the right hemisphere. B represents the right lower frontal occipital tract; C represents the right upper radial crown. DTI, diffusion 
tensor imaging; ANOVA, analysis of variance; FA, anisotropic fraction.
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learning, memory and will. It is an important part of human 
spiritual activities. Among them, the corpus callosum has 
been revealed to exhibit abnormalities in SZ patients (10). It 
was revealed in the present study, that the damage of white 
matter fiber integrity in the corpus callosum and corpus may 
be related to glutamatergic dysfunction caused by rs1344706 
mutation at the ZNF804a site in SZ patients. The cingulate 

tract is an important part of the limbic green system. It is the 
white matter fiber connecting the cingulate with the frontal 
lobe, parietal lobe, parietal region and thalamus. It is impor‑
tant for the functional integrity of SZ patients. The cingulate 
band is mainly related to emotion regulation, learning ability, 
attention, memory and other cognitive functions  (7). 
Knöchel et al (27) and revealed that the FA value of white 

Figure 3. Diagnosis x gene interaction. (A) Diagnosis x gene interaction. Brain regions with a statistically significant difference in the FA value. L represents the 
left hemisphere; R represents the right hemisphere; D represents the splenium of the corpus callosum; E represents the body part of the corpus callosum/right 
cingulate tract. (B) Diagnosis x gene interaction. The main brain regions with statistically significant differences in the FA value. *P<0.05 and **P<0.01, as 
analyzed with Bonferroni correction. FA, anisotropic fraction.
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matter was decreased in SZ patients. Seitz et al (43) revealed 
that the FA value of the right cingulate tract was decreased 
in SZ patients. They speculated that the abnormality of the 
right cingulate tract may be related to the memory decline and 
attention deficit in SZ patients, and the white matter change 
of the right cingulate tract may be caused by the destruction 
of the myelin sheath. It was suggested that structural abnor‑
malities interact with cognitive function and were related to 
clinical symptoms. In the present study, it was revealed that 
the FA value of the right cingulate tract in the risk gene carrier 
group was lower than that in the control group, indicating that 
rs1344706 at ZNF804a site may affect the myelination of the 
central nervous system through the hypothesis of ‘glutama‑
tergic dysfunction’. If this process is damaged, it may affect 
the development of white matter in the brain, thus increasing 
the possibility of SZ. It was concluded that the rs1344706 
single nucleotide polymorphism of ZNF804a gene may affect 
the integrity of brain white matter in SZ patients.

A previous study revealed that the pathogenesis of SZ is 
related to the destruction of white matter integrity and the 
rs1344706 mutation at ZNF804a site (14). This study further 
indicated that the rs1344706 SNP of ZNF804a gene was 
related to the integrity of white matter in schizophrenics, and 
may be related to the pathogenesis of schizophrenia. However, 
there are still some limitations in the present study. The age 
and education years of the four groups were not similar. This 
study used SNP as a covariate, but could not completely 
exclude (SNP) influence on the results. In the present study, 
we only addressed the rs1344706 locus and the effect on the 
structure of white matter. Future studies are required to further 
explore the interaction between brain function and gene 
polymorphism. In these future studies, the sample size will 
be further expanded, more comprehensive analysis of multiple 
sites that may be related to SZ will be identified, which will aid 
in further discovering the role of ZNF804a in brain function. 
In addition, these studies may explore the response of different 
genotypes to the treatment for schizophrenics, and provide 
practical basis for precision medicine.
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