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Abstract

Background: Schizophrenia is currently considered to be a polygene-related disease with unknown etiology. This
research will verify whether the single nucleotide polymorphism (SNP) of the long intergenic noncoding RNA01080
(Iinc01080) contributes to the susceptibility and phenotypic heterogeneity of schizophrenia, with a view to providing
data support for the prevention and individualized treatment of this disease.

Method: The SNP rs7990916 in linc01080 were genotyped in 1139 schizophrenic and 1039 controls in a Southern
Chinese Han population by the improved multiplex ligation detection reaction (imLDR) technique. Meanwhile, we
assessed and analyzed the association between this SNP and schizophrenics'clinical symptoms, and the cognitive
function.

Result: There was no significant difference in genotype distribution, allele frequency distribution, gender stratifica-
tion analysis between the two groups. However, the SNP of rs7990916 was significantly associated with the age of
onset in patients with schizophrenia (P=822E-07), patients with T allele had earlier onset age compared with CC
genotype carriers. In terms of cognitive function, patients with T allele scored lower than CC genotype carriers in the
Tower of London score and symbol coding score in the Brief assessment of Cognition (BACS), and the difference was
statistically significant (P=0.014, P=0.022, respectively).

Conclusion: Our data show for the first time that linc01080 polymorphism may affect the age of onset and neuro-
cognitive function in patients with schizophrenia.

Keywords: Schizophrenia, Long intergenic noncoding RNA 01080 (linc01080), SNP rs7990916, Age of onset,
Neurocognitive function

Key findings

Linc01080 rs7990916 T allele may be a risk factor affect-
ing the onset of age and cognitive impairment (informa-
tion processing speed and problem-solving ability) of
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Background

Schizophrenia is a disease with different heterogeneity
in clinical symptoms, onset age, cognitive function and
brain structure [1], which was once regarded as basing
on abnormal neurodevelopment. Various genetic and
environmental risk factors can affect early and critical
periods of brain development in adolescents, which may
eventually lead to the emergence of mental symptoms in
adolescence and early adulthood [2]. A study shows that
the decline of neural stem cell proliferation level may
contribute to the onset of schizophrenia [3].

Long intergenic noncoding RNA (lincRNA) could be
defined as an intergenic transcribed fragment that lacks
protein-coding capabilities. Structurally, most of lin-
cRNA is mainly concentrated in the nucleus, containing
more than 200 nucleotides in length [4], with the char-
acteristics of 59m7G cap and Poly(A) tail, and thus eas-
ily regulated by key transcription factors [5]. At the gene
level, lincRNAs play a role in gene expression mainly
through regulating histone modification, DNA methyla-
tion, chromatin remodeling modulated and interacting
with transcription factors [6]. Accumulating evidences
have shown that lincRNA is linked to neurodevelopment
and brain evolution, and also plays a critical role in the
regulation of neural stem cells (NSCs) [7]. For examples,
LincRNA1230 can limit the junction of WD repeat 5 to
the promoter region of neural lineage related genes, thus
it could prevent the transformation of mouse neural stem
cells into neural progenitor cells [8], LncRNAlinc00115
regulates the self-renewal and proliferation of neural
stem cells by activating transforming growth factor-
and linc00152 through activating miR-103a-3p / FEZF
axis [9, 10], Linc01198 promotes glioma proliferation by
enhancing NEDD4-1-dependent PTEN inhibition [11].
This proliferation and differentiation function of NSCs
is obviously related to brain homeostasis, and may even
change in mental and nervous system diseases [12].

In a previous study, a genetic variation (rs7990916T > C)
was found in linc01080 (also known as lincRNA-
Tcon_00021856), with a total length of 148,213bp and
two exons of 130bp and 627bp respectively [13]. Fur-
ther study of the variation found that the distribu-
tion of gray matter volume (involving 40 brain regions,
including frontal lobe, temporal lobe, parietal lobe and
occipital lobe) of different genotypes was statistically dif-
ferent, and the gray matter volume of individuals carry-
ing CC was significantly larger than that of individuals
with TT. These findings suggest that this SNP may be
related to the cortical development of memory-related
brain regions [13]. As far as we know, linc01080 gene
polymorphisms have not been studied in schizophrenic
patients yet. Based on the fact that the genetic variation
of rs9970916 in linc01080 may affect the potential role
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of neurodevelopment in the pathogenesis of schizophre-
nia by changing the brain structure, we conducted this
study to detect whether this SNP (linc01080 rs7990916)
is related to the susceptibility of schizophrenia and the
severity of symptoms.

Materials and methods

Statement

The Ethics Committee of the Affiliated Hospital of
Guangdong Medical University approved the study pro-
tocol and obtained written informed consent from all
participants included in the study, all methods were per-
formed in accordance with the relevant guidelines and
regulations.

Subjects

The 1139 schizophrenics (male 722, female 417) with the
definite diagnosis were selected from the Affiliated Hos-
pital of Guangdong Medical University. The inclusion
criteria of all patients followed: (1) Han population in
southern China; (2) schizophrenia was diagnosed accord-
ing to DSM-5, which was conducted by at least two
experienced senior psychiatrists. The exclusion criteria
included: (1) organic disorders, substance abuse mental
disorders, Schizoaffective disorder and mood disorder
(2) suffering from serious physical diseases, such as con-
firmed renal insufficiency, heart disease. The 1039 healthy
individuals in the same period were recruited from the
Affiliated Hospital of Guangdong Medical University as
the control group. The exclusion criteria included: (1)
having own or family history of mental illness; (2) having
severe physical and / or nervous system diseases; (3) hav-
ing a long history of substance abuse; (4) having obvious
organic lesions on head imaging.

Symptoms and neurocognitive functions assessment

Schizophrenics’ symptoms were assessed by Positive and
Negative Symptom Scale (PANSS), including PANSS
total score, positive symptoms, negative symptoms and
general psychopathology scale. Since the severity of
schizophrenia is easily affected by social background,
we include variables such as years of education, course
of disease and family history of mental illness, which
will make this study more convincing. In addition, the
neurocognitive function is assessed by BACS (BACS
was designed to be easy to administer and score, and
has been used in more than 30 clinical trials for schizo-
phrenia. It is specifically designed to measure cognitive
changes associated with treatment and comes in different
forms, and its reliability, effectiveness and sensitivity have
been demonstrated [14]), in which each items were used
to assessed specific cognitive function, including Digit
sequencing task (working memory), List learning (verbal
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fluency), Token motor task (motor speed), Tower of Lon-
don (reasoning and problem solving), Symbol coding
(attention and processing speed), Category instances and
Controlled oral word association test (semantic and let-
ter fluency). More details of the BACS assessment please
refer to the report of Keefe et al. [14].

DNA extraction and genotyping

Genomic DNA from EDTA-anticoagulated peripheral
blood was extracted using the TITANamp Blood DNA Kit
(Tiangen Biotech, Beijing, China). The rs7990916 SNP
was genotyped using the improved multiplex ligation
detection reaction (iMLDR) method (Genesky Biotech-
nologies Inc., Shanghai, China), and the detailed experi-
mental steps are as follows: (1) DNA samples were taken
1ul 1% Agarose electrophoresis for quality check and
concentration estimation, and then diluted to the work-
ing concentration 5-10ng/pl according to the estimated
concentration. (2) Multiplex PCR reaction was carried
out with forward primer 5-TGTAATGGACCAGTG
TGATATCTTGCA-3' and reverse primer 5-GCTAAT
TGTGTAGTGCTGAAGAACACC-3. PCR condition:
the reaction system (20 pl) included 1x HotStarTaq buffer,
3.0mM Mg2+, 0.3mM dNTP, 1U HotStarTaq polymer-
ase (Qiagen Inc.), 1 ul sample DNA and 1 pl multiple PCR
primers. (3) Purification of multiple PCR products: 5U
SAP enzyme and 2U Exonuclease I enzyme were added
to 20 ul PCR product, 37°C warm bath for 1h, then 75°C
inactivated for 15min. (4) Ligating reaction system: 10x
ligating buffer 1ul, high temperature ligase 0.25ul, 5
‘ligating primer mixture (1uM) 0.4 ul, primer 3’ ligat-
ing primer mixture (2uM) 0.4ul, purified multiple PCR
products 2ul, ddH206ul mixing. (5) Take 0.5ul diluted
product, mix it with 0.5l Liz500 SIZE STANDARD, 9 ul
Hi-Di, denatured at 95°C for 5min, then put it on the
ABI3730XL sequencer. (6) The raw data collected on the
ABI3730XL sequencer are analyzed by GeneMapper 4.1
(AppliedBiosystems, USA).

Statistical analysis

Given the low frequency of the TT genotype in both
schizophrenic patients (1.9%) and controls (1.1%), these
cases were combined with the CT genotype group to
form the “T-allele carrier” group for all statistical tests.
The arithmetic means + standard deviation (SD) was
used to express the quantitative data conforming to the
normal distribution, and the Student’s test was used to
compare the sample mean and the overall mean. Statis-
tical analyses comparing allelic and genotypic distribu-
tions were performed using Pearson’s Chi-square test or
Fisher’s exact two-tailed test. Moreover, the Hardy-Wein-
berg equilibrium (HWE) in the patients and the controls
was checked using Pearson’s Chi-square test. Power
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calculations were performed using PS-Power and Sample
Size Calculation 3.1.6 software. All the statistical analyses
were performed using SPSS 21.0 software for Windows,
and the criterion for statistical significance was defined
as P<0.05.

Result

Association study of SNP (rs7990916) and schizophrenia
There were no significant differences in age or sex
between the patient group and controls (P=0.106,
P=0.055), indicating the comparability of the data
between the two groups (as shown in Table 1). Power
analysis indicated that our cohort had the power of 0.999
for identifying a genotype relative risk with an OR of 1.5
at the 0.05 level when we choose a T allele frequency of
0.1524, the finding, therefore, could be statistically strong
with appropriate sample size. And the target SNP reaches
the HWE both in the patient group and controls (All
P>0.05). The distribution of genotype and allele frequen-
cies of 1linc01080 rs7990916 was shown in Table 2, the

Table 1 The demographic characteristics of schizophrenics and

controls
Variables Schizophrenics Controls Statistical tests
n=1139 n=1039 t/ x2 P-value
Mean Age +SD 344441232 3359+11.74 1617 P=0.106
(year)
Gender n (%)
Male 722 (63.4%) 617 (594%)  3.680 P=0.055
Female 417 (36.6%) 422 (40.6%)

The enumeration data are presented in the form of mean =+ standard deviation

Table 2 The genotype and allele frequencies of the /inc071080
gene rs79900916 in the schizophrenics and controls

dbSNP ID Schizophrenics Control P-value OR (95% Cl)

n=1139 (%) n=1039 (%)
17990916
Genotype
CcC 868 (76.2) 799 (76.9) 0.314°
cT 250 (21.9) 229 (22.0)
T 21(1.9) 11(1.1)
CT4+TT 271(23.8) 240 (23.1) 0703 1.030 (0.885-
1.199)
Allele
C 1986 (87.2) 1827 (87.9) 1.000 (reference)
T 292 (12.8) 251(12.1) 0461 1.070 (0.894-
1.282)

OR odds ratio, 95% Cl 95% confidence interval.
@ Global test for the three different genotypes
b Calculations were performed CT+TT vs. CC
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frequency of the CC, CT, and TT genotypes was 76.2%
(n=2868),21.9% (n=250), and 1.9% (n=21), respectively,
in the schizophrenics. And the frequency of these geno-
types in the controls was 76.9% (n=799), 22.0% (n=229),
and 1.1% (n=11), respectively. Our data revealed that,
for the rs7990916 polymorphism, there was no significant
difference in the genotype and allele frequency between
the patients and the controls (P>0.05). In addition, the
analysis of genotypes and allele frequency of rs7990916
in the gender-stratified did not differ between the schizo-
phrenics and controls (shown in Table 3 as follow).

Association study of SNP (rs7990916) and clinical features
of schizophrenics

When it comes to the description of relevant clinical
characteristics, no significant differences were observed
with regard to duration of illness, Years of education,
family history, and PANSS clinical symptom scores
between CC group and CT+TT group (All P>0.05).
However, we found that there was a difference in the dis-
tribution of age of onset in different genotypes, patients
carried T allele are at an earlier age of onset than CC
genotype carriers (22.10£5.23, 25.14 4 9.66 respectively)
and the difference was extremely marked (P<0.01).
(shown in Table 4).

Association study of SNP (rs7990916) and neurocognitive
function of schizophrenics

A total of 1039 patients were evaluated for neurocogni-
tive function by BACS (as shown in Table 5). The results
showed that the Tower of London scores and the Sym-
bol Coding scores of rs7990916 polymorphism T allele
carriers were distinctly lower than those of CC genotype
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carriers, (for CT+TT group: 6.74£5.68; for CC group:
7.83+6.60), (for CT+TT group: 19.70+£13.76; for CC
group: 21.83+13.21) and the differences was statistically
significant (P=0.014, P=0.022 respectively). Addition-
ally, there was no significant difference in the scores of
the other BACS items (including Digit sequencing task,
Category instances, Controlled oral word association
test, List learning and Token motor task, all P>0.05).

Discussion

In this study, we firstly evaluated the potential associa-
tion between linc01080 rs7990916 polymorphism and
schizophrenia. The results showed that there was no
significant difference in the frequency distribution of
genotypes and alleles between the control group and the
case group, and there was still no statistical difference
according to the gender stratification study (all 2>0.05).
However, it is worth noting that the object population of
this study is Han people in southern China, and its allele
frequency (case group C: T=0.87:0.13, control group C:
T =0.88:0.12) is different from that of Beijing Han popu-
lation (C: T=0.94:0.06), Finnish in Finland (T =0.041
C=0.59) and other groups (Fig. 1), which means the
racial heterogeneity, so it must need to be researched in
different race groups in order to obtain more convincing
epidemiological evidence. (based on the 1000 Genomes
Project) (https://www.ncbi.nlm.nih.gov/variation/tools/
1000genomes/).

Secondly, an interesting phenomenon was found in
the analysis of clinical characteristics such as onset age,
education level and family history, that is, the onset age
of 1inc01080 rs7990916 T allele carriers was earlier than

Table 3 Genotype and allele frequency of the /inc071080 gene rs79900916 in schizophrenics and controls, according to gender

dbSNP ID Male Female
Patient Control p-value Patient Control p-value
n=722 (%) n=617 (%) OR (95% Cl) n=417 (%) n=422 (%) OR (95% Cl)
rs7990916
Genotype
CcC 534 (74.0) 462 (74.9) 0.494° 334 (80.1) 337(79.9) 0.628%*
cT 174 (24.1) 148 (24.0) 76 (18.2) 81(19.2)
T 14(1.9) 7(1.1) 7(1.7) 4(0.9)
CT+TT 188 (26.0) 155 (25.1) 0.702° 83(19.9) 85 (20.1) 0.931°
Allele
C 1242 (86.0) 1072 (86.9) 1.000 (reference) 744 (89.2) 755 (89.5) 1.000 (reference)
T 202 (14.0) 162 (13.1) 0517 90 (10.8) 89 (10.5) 0.870

1.076 (0.862-1.344)

1.026 (0.753-1.399)

OR odds ratio, 95% Cl 95% confidence interval.
2 Global test for the three different genotypes
b Calculations were performed CT+TT vs. CC
*Fisher’s exact test
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Table 4 Clinical  characteristics of the patients with
schizophrenia and distribution by genotypes of rs7990916
Parameters rs7990916 p-valule
cC CT+TT
n=868 n=271
Age at onset (years) 25.144+966 22104523 8.22E-07
Years of education (years) 9.6042.53 9.6643.05 0.746
PANSS total score 77.64+£1947  7664+1830 0454
P subscore 2153+7.49 21891737 0.488
N subscore 1822+8.71 17.68£851 0.371
G subscore 37.89£9.71 37.07+£9.74 0.226
Family psychotic history 130 (15.0%) 38 (14.0%) 0.699

Values are the mean +SD
PANSS Positive and Negative Syndrome Scale

that of CC genotypes, and the difference was statistically
significant (P<0.001). Schizophrenia, as we all know,
usually occurs in late adolescence and early adulthood
[15], the average age of onset of female patients with
schizophrenia is between 25 and 35years old, while that
of male patients is between 18 and 25years old [16]. Rel-
evant studies have shown that relatively larger gray mat-
ter volume defects can be observed in schizophrenia
cases with early onset age [17]. The prefrontal cortex is
the brain region with the longest duration of ontogeny
[18], and puberty marks the final stage of its develop-
ment [19], which is particularly vulnerable to long-term
or repeated stress exposure [20]. A study has shown that
hypothalamus-pituitary-adrenal (HPA) axis is activated
under stress. Corticosteroids released after activating
the HPA axis can not only affect neurogenesis and neu-
roplasticity, but also high levels of corticosteroids are

Table 5 Neurocognitive functions of the schizophrenics and
distribution by genotypes of rs7990916

Parameters rs7990916 p-valule
CcC CT+TT
n=3868 n=271
BACS
Digit sequencing task 1502 +£9.14 1532 £ 9.64 0.642
Category instances 2885+ 1276 27354+ 11.95 0.087
Controlled oral word 044 £ 583 9.02£558 0.296
association test
List learning 22,75+ 1437 2122 £13.66 0.122
Token motor task 4763 +£1688  4923+1731 0.176
Tower of London 7.83 £6.60 6.74 + 5.68 0.014
Symbol coding 2183 +£13.21 19.70£ 1376  0.022

Values are the mean £SD

BACS Brief Assessment of Cognition in Schizophrenia
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neurotoxic, which can lead to the degeneration of den-
dritic processes and the reduction of neuronal survival
after injury. Finally resulting in neuronal death [21].
These effects may be characterized by a decrease in the
volume of local brain tissue and may lead to the appear-
ance of psychiatric symptoms [22]. In 2012, a study has
found that a mutation (linc01080 rs7990916 T >C) had
an effect on the volume of gray matter in the brain. It was
identified that the gray matter volume of individuals car-
rying CC was significantly larger than that of individu-
als carrying TT, and this phenomenon was observed in
about 40 brain regions, mainly involving temporal cortex
[13], and the gray matter volume of some areas of parietal
lobe, frontal lobe and occipital cortex was also affected
in the same way [13]. They speculate that the SNP TT
genotype may lead to cognitive impairment in patients
with Alzheimer’s disease by affecting cortical develop-
ment in memory-related brain areas (imaging shows
reduced gray matter volume) [13]. In fact, these brain
regions are not only particularly important for memory
function, but also overlap with areas that regulate cogni-
tive functions such as information processing speed and
problem solving. In the longitudinal neuroimaging study
of patients with first-episode schizophrenia, it was found
that the loss of gray matter volume could be observed
2-5years after onset, especially in the frontal lobe. This
phenomenon is more pronounced in adolescents with
schizophrenia [23, 24]. Therefore, based on our results, it
is suggested that the SNP linc010180 rs7990916 T allele
may be associated with the earlier age of onset of schizo-
phrenia by reducing the volume of the frontal cortex, and
may also mediate cognitive dysfunction.

There is a view in DSM-IV that cognitive impairment
is more severe in patients with schizophrenia who are
younger at onset [25]. And some shreds of evidence indi-
cate the earlier the age of onset, the more prominent the
clinical symptoms, such as severe negative symptoms and
poor execution ability [15]. In a meta-analysis of the age
of onset and cognitive function of schizophrenia, it was
observed that adolescent patients with schizophrenia had
more significant cognitive defects in executive function
and psychomotor processing speed than adult patients
with first-episode schizophrenia [26]. Therefore, the
potential relationship between age of onset and cognitive
function cannot be ignored.

Thirdly, through the analysis of the patient’s BACS
scale data results, we found that the Symbol Coding and
Tower of London scores of rs7990916 T allele in schizo-
phrenics carriers were lower than those of CC genotype
carriers, and the differences were statistically significant,
indicating T allele aggravate the cognitive function defec-
tion. Cognitive dysfunction, considered as the core symp-
tom of psychopathology [27], is prevalent in individuals
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with schizophrenia. The speed of information processing
(tested by Symbol Coding in this study) is one of the most
obvious defects in the early stage of schizophrenia [28],
it refers to the ability to make the correct corresponding
amount in unit time, and is believed to be related to the
extensive reduction of gray matter volume and the exten-
sive change of white matter in the frontal and temporal
lobes [29]. Although digital symbol coding is rarely the
focus of discussion or research, its damage to schizophre-
nia is significantly greater than the cognitive functions
such as verbal memory and executive function that are
often studied [30]. In a meta-analysis, information pro-
cessing speed is even considered to be the center of cog-
nitive impairment in schizophrenia [29].Problem-solving
(tested by Tower of London in this study) is an execu-
tive function dominated by a neural network centered
on the dorsolateral prefrontal cortex (DLPFC) [31]. In
related studies on the pathogenesis of schizophrenia, the
reduction of DLPFC in the brain has been reported. For
example, the expression of the susceptibility gene COMT
in schizophrenia is related to the size and function of
DLPEC [20, 32]. At present, there is extensive evidence
that cognitive functions such as executive function, work-
ing memory, attention and episodic memory impairment
in patients with schizophrenia are related to the volume
of the frontal cortex [33]. Therefore, combined with our
results, we speculate that the SNP 1inc010180 rs7990916
T allele may mediate cognitive impairment by reducing
the volume of frontal cortex.

In our study, the carriers of the SNP (linc01080
rs7990916) T allele had an earlier age of onset than the
CC genotype, and their information processing speed
and problem-solving ability were impaired. At the same
time, the brain regions responsible for these two cogni-
tive functions were confirmed in previous studies [13]
to affect cognitive function through volume reduc-
tion. Therefore, we speculate that T allele carriers may
be more vulnerable to social pressure and mediate the
reduction of the volume of gray matter in the brain,
resulting in cognitive impairment in young schizo-
phrenics. However, due to the limitation of technical
conditions, whether there is gray matter reduction in
corresponding brain regions in schizophrenic patients
still needs further observation combined with MRI.

Conclusion

To sum up, our study found for the first time that the
1linc01080 rs7990916 T allele may be a risk factor affect-
ing the onset age and cognitive impairment (information
processing speed and problem-solving ability) of Han
schizophrenic patients in southern China.
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