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INTRODUCTION

Schizophrenia is a severe neuropsychiatric disorder of vari-
able psychopathology with a lifetime prevalence of approxi-
mately 1% worldwide. Recently, viral hypothesis of schizo-
phrenia suggests that viral infections may be implicated in an 
increased risk of schizophrenia.1-3 In particular, the involve-
ment of Herpes viruse-1 (HSV-1) infection in schizophrenia 
has been suggested. In not only patients with schizophrenia4,5 
but also the general population,6 the HSV-1 antibody preva-
lence was approximately 40% to 60%. HSV-1 infection causes 
no or mild symptoms in most individuals. However, HSV-1 is 
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also the most common causes of sporadic encephalitis along 
with psychosis and cognitive impairment.7,8 A lot of studies 
have reported the significant relationships between HSV-1 se-
ropositive status and schizophrenia and its clinical symptoms, 
especially cognitive impairment.4,9-12 Viral infections trigger a 
response from both the innate and adaptive immune systems. 
Thus, the abnormal persistent inflammatory responses by vi-
ral infection and reactivation may lead to the alteration of 
cortical circuits in the brain and the symptoms of schizophre-
nia including cognitive impairment.1-3 Indeed, previous stud-
ies have reported evidences on the contribution of the immu-
nological abnormalities to schizophrenia,13,14 including the 
genetic associations between schizophrenia risk and HLA 
and TLR genes.15-17 

The recognition of DNA into the cell is an essential strate-
gy employed by host immune cells against viral pathogens, 
leading to stimulation of the inflammasome and type I inter-
feron (IFN) pathways.18 Invading DNA is detected by absent 
in melanoma (AIM)-like receptors (ALRs) together with 
DNA-dependent activator of interferon-regulatory factors 
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(DAI) and cyclic GMP-AMP (cGAMP) synthase (cGAS). 
IFI16 is a member of ALR family as well as of the PYHIN 
protein family that contain an N-terminal PYRIN domain 
and a C-terminal HIN (haemopoietic expression, interferon-
inducibility, nuclear localization) domain.19 IFI16 has been 
shown to bind DNA directly via its HIN domain, eventually 
producing antiviral and proinflammatory cytokines. More-
over, IFI16 can form inflammasome complexes, which re-
sulted in activations of caspase-1 and interleukin-1β.20,21 In-
deed, IFI16 was reported to induce the inflammasome in 
response to Kaposi Sarcoma-associated herpesvirus infection 
acting as a nuclear pathogen sensor.22 In addition, a genetic 
study reported that single nucleotide polymorphism (SNP) 
of IFI16 (rs22776404) was associated with the resistance to 
genital herpes, correlating with IFI16 expression levels and 
herpes simplex virus-2 (HSV-2)-induced INF-β expression.23 
In PBMCs from individuals with protective IFI16 haplotype 
(comprised of the G allele of rs22776404) against genital her-
pes, higher level of IFI16 mRNA was revealed, and also 
IFN-β expression was elevated after HSV-2 infection.23 These 
results indicated that IFI16 may elevate an immune response 
and thus defenses against virus infection. 

Given previous reports, we postulated that IFI16 might be 
involved in the development of schizophrenia, affecting the 
detection ability against viral DNA and immunological/in-
flammatory responses in viral infection and reactivation. 
However, to our knowledge, no study has explored the ge-
netic association between IFI16 and schizophrenia. In this 
study, we investigated the association between polymor-
phisms within putative promoter region of IFI16 and schizo-
phrenia in a Korean population. In addition, we measured 
the effect of the polymorphisms on the promoter activity.  

METHODS

Subjects
Four hundred twenty-seven healthy control subjects (190 

males and 237 females; mean age±standard deviation= 
49.1±11.0 years) and 280 schizophrenia patients (173 males and 
107 females; 46.1±10.5 years) with Korean background were 
participated in this study. All patients were recruited from 
Kyung Hee Medical Center in Seoul, Republic of Korea and 
were diagnosed as schizophrenia by psychiatrists according to 
the Diagnostic and Statistical Manual of Mental Disorders, 5th 
Edition (DSM-5). Based on review of hospital records and per-
sonal interviews, patients were also rated using the Operational 
Criteria (OPCRIT) checklist.24 Based on the OPCRIT checklist, 
schizophrenia patients with symptoms of 54–65 items were cat-
egorized as patients with delusion. The patients with symptoms 
73–77 items were categorized as patients with hallucination. 

Most of schizophrenia patients have delusion and hallucination. 
Table 1 showed a clinical characteristics of schizophrenia pa-
tients. Control subjects were recruited from subjects who visited 
the hospital for routine health checkups. Only unaffected sub-
jects without psychiatric disturbances and a family history of 
psychiatric disorders were included in this study. All subjects 
provided informed consent before the study. The study protocol 
was approved by the ethics review committee of the Medical 
Research Institute, Kyung Hee University Medical Center, Seoul, 
Republic of Korea (KHNMC GRRB 2011-009). 

SNP selection and genotyping 
We selected SNPs located in the putative promoter region 

within -1000 bp from the transcriptional start sites of IFI16 
gene at the National Center for Biotechnology Information 
SNP database (http://www.ncbi.nlm.nih.gov/SNP, BUILD 
152). SNPs with a minor allele frequency of ≥0.05 in Chinese 
and Japanese populations were sorted for this study (Supple-
mentary Table 1 in the online-only Data Supplement). Final-
ly, three SNPs [rs1465175 (-760G/T), rs3754464 (-746A/G), 
rs1417806 (-491A/C)] were selected.

Genomic DNA of each subject was isolated from the 
whole blood using the High Pure PCR Template Preparation 
kit (Roche, Mannheim, Germany). PCR product (381 bp) 
including rs1465175, rs3754464 and rs1417806 was ampli-
fied using extracted genomic DNA and the specific primers 
(sense, 5’-CCGGAAGTTCAGTGCATTTT-3’; antisense, 
5’-AGTGGCAGGAGGAGATCTTG-3’). SNPs were geno-
typed via direct sequencing using the ABI PRISM 3730XL 
analyzer (PE Applied Biosystems, Foster City, CA, USA).

Transfection and luciferase activity assay
In order to assess the effect of the haplotypes on the pro-

moter activity of IFI16, we made constructs on the GAA, 
GGA, and TAC haplotypes that were the common haplotypes 
showing the frequencies ≥0.05 in our studied population (0.58, 

Table 1. Clinical characteristics of the schizophrenia patients

Schizophrenia Control
(N=280) (N=427)

Male/female (N) 173/107 190/237
Age (mean age±SD, years)

Male 46.2±10.4 49.3±11.4
Female 46.0±10.8 49.0±10.7

Delusion (absent/present) 40/240
Hallucination (absent/present) 129/151
Delusion indicates those schizophrenia patients with symptoms of 
54–65 items on the Operational Criteria (OPCRIT) checklist. Hal-
lucination indicates schizophrenia patients with symptoms 73–77 
items of the OPCRIT checklist
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0.19, and 0.17, respectively). The 381 bp fragment in the 5’-up-
stream region of the human IFI16 including rs1465175, 
rs3754464 and rs1417806 was prepared by PCR using human 
genomic DNA purchased from Promega (Madison, WI, 
USA). The PCR product was cloned and sequenced. We con-
firmed major allele homozygote genotypes on all of rs1465175, 
rs3754464, and rs1417806 from the PCR product (the GAA 
haplotype). The GGA, and TAC haplotype plasmids were pro-
duced through point mutation from the GAA haplotype plas-
mid using Phusion site-directed mutagenesis kit (Thermo 
Fisher Scientific, Seoul, Republic of Korea) according to the 
manufacturer’s protocol. The GAA, GGA, and TAC haplotype 
inserts were sucloned using KpnI and XhoI sites upstream of 
the pGL3-basic luciferase reporter vector (Promega). 

Human neuroblastoma SH-SY5Y cells were seeded in 24-
well plates at the density of 1×105 per well and incubated 
overnight in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum, 50 units/mL of penicil-
lin, and 50 μg/mL streptomycin. Cells were transfected with 
490 ng of the reporter construct and 10 ng of pRL-TK vector, 
which provides constitutive expression of Renilla luciferase, 
using Lipofectamine LTX (Thermo Fisher Scientific). Trans-
fected cells were incubated for 48 h, and then were lysed for 
luciferase activity assay. Luciferase activity was assessed by 
the Dual-Luciferase Reporter Assay System (Promega) using 
the TD 20/20 Luminometer (Turner Design, Sunnyvale, CA, 
USA). The value for firefly luciferase activity was normalized 
to the value for Renilla luciferase activity. Assays were con-
ducted in triplicate in three independent experiments.

Statistical analyses
SNPStats (http://bioinfo.iconcologia.net/index.php) and 

SPSS 18.0 software were used for analyzing the Hardy-Wein-
berg equilibrium (HWE) and the genetic data. In order to 
assess the associations between the genotypes of SNPs and 
schizophrenia, the odds ratios (ORs) and their 95% confi-
dence intervals (CIs) were calculated with logistic regression 
analyses, controlling age and sex as covariables. In the logis-
tic regression analysis for each SNP, models assuming addi-
tive inheritances, dominant inheritance, and recessive inheri-
tance were used. False discovery rate (FDR) adjustment was 
applied for multiple testing correction. The power calculation 
for the association test and samples was performed using a 
genetic power calculator (http://zzz.bwh.harvard.edu/gpc/). 
Employing the genotype relative risk and high risk allele fre-
quency for each SNP, the sample power was calculated and 
the number of effective sample for power more than 0.8 was 
determined (α=0.05). Linkage disequilibrium (LD) and as-
sociation between haplotypes consisting of three SNPs and 
schizophrenia were also analyzed using SNPStats. 

Data on luciferase activity are reported as mean±SE. Lev-
els of significance were analyzed by one-way analysis of vari-
ance (ANOVA) with Tukey’s HSD post hoc test. 

In all statistical analyses, a p-value less than 0.05 was con-
sidered significant. 

RESULTS 

Three promoter SNPs of IFI16 were polymorphic, and the 
genotype distributions of the SNPs were in HWE (p>0.05; 
data not shown). As shown in Table 2, we found significant 
associations between the promoter SNPs of IFI16 and schizo-
phrenia. rs1465175 of IFI16 was associated with schizophre-
nia in the additive (G/G vs. G/T vs. T/T, p=0.019, OR=0.71, 
95% CI=0.53–0.95) and recessive models (G/G-G/T vs. T/T, 
p=0.013, OR=0.21, 95% CI=0.06–0.75). The frequencies of 
the G/G, G/T and T/T genotypes were 61.6%, 33.8%, and 
4.6% in control subjects, and 68.5%, 30.5%, and 1.1% in 
schizophrenia patients. In addition, in allele frequency analy-
sis, a significant association was detected (p=0.021, OR=0.71, 
95% CI=0.54–0.94). The frequency of the T allele was lower 
in schizophrenia patients (16.3%) than in control subjects 
(21.5%). This result indicated that the TT genotype and the T 
allele were associated with a decreased risk of schizophrenia. 

We also found an association between rs3754464 and 
schizophrenia. In the additive model (A/A vs. A/G vs. G/G), 
the genotype distributions of rs3754464 were significantly dif-
ferent between the schizophrenia patients and control sub-
jects (p=0.019, OR=1.41, 95% CI=1.08–1.86). Additionally, in 
the dominant model (A/A vs. A/G-G/G), rs3754464 was sig-
nificantly association with schizophrenia (p=0.036, OR=1.45, 
95% CI=1.05–2.00). The frequencies of the A/G and G/G 
genotypes were 28.8% and 3.2% in the control subjects, and 
36.0% and 5.8% in the schizophrenia patients, respectively. 
Allele frequency analysis also revealed a significant associa-
tion of the G allele with schizophrenia (p=0.019, OR=1.45, 
95% CI=1.11–1.88). The frequency of the G allele was in-
creased in schizophrenia patients (23.3%), compare to control 
subjects (17.7%). 

Moreover, rs1417806 showed the significant associations 
in the additive (A/A vs. C/A vs. C/C, p=0.017, OR=0.73, 95% 
CI=0.55–0.96) and recessive models (A/A-C/A vs. C/C, 
p=0.010, OR=0.35, 95% CI=0.14–0.87). The frequency of the 
C/C genotype not containing A allele was significantly re-
duced in schizophrenia patients The frequencies of the C/C 
genotype were 6.3% and 2.1% in the control subjects and the 
schizophrenia patients, respectively. In allele frequency anal-
ysis, the significant association was observed (p=0.016, 
OR=0.72, 95% CI=0.55–0.94). The frequency of the C allele 
was lower in schizophrenia patients (18.1%) than in control 
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subjects (23.4%). 
We also analyzed associations between SNPs of IFI16 and 

clinical phenotypes such as delusion and hallucination. How-
ever, we could not find any significant association.

Associations of haplotypes consisting of rs1465175, rs3754464 
and rs1417806 with schizophrenia were assessed. Among the 
haplotypes consisting of three SNPs, the GAA, GGA, and TAC 
haplotypes were the common haplotypes showing the frequen-
cies≥0.05 in our studied population. The frequencies of the 
GAA, GGA, and TAC haplotypes were 0.58, 0.19, and 0.17, re-
spectively. 

Haplotype analysis revealed that the GGA haplotype was as-
sociated with schizophrenia (p=0.018, OR=1.42, 95% CI= 

1.06–1.90) (Table 3). The frequency of the GGA haplotype was 
higher in schizophrenia patients (0.23) than in control subjects 
(0.16). This result indicated that the GGA haplotype contrib-
uted to an increased risk of schizophrenia. 

Because rs1465175, rs3754464 and rs1417806 were located 
in the putative promoter region of IFI16, those could affect the 
promoter activity of IFI16, altering its transcription level.    We 
measured the effects of three common haplotypes (the GAA, 
GGA, and TAC haplotypes) on the promoter activity of IFI16 
through luciferase reporter assay. As shown in Figure 1, the 
promoter activity of IFI16 was enhanced in the GGA haplotype 
more than 3-fold, compare to the GAA haplotype; whereas it in 
the TAC haplotype was attenuated approximately 2-fold. 

Table 2. Multiple logistic regression analysis of promoter single-nucleotide polymorphisms of IFI16 in schizophrenia patients and control 
subjects

SNP Model Genotype/allele
Con SCZ

OR (95% CI) p-value
Adjusted 
p-valueN (%) N (%)

rs1465175 Additive G/G 253 (61.6) 191 (68.5) 1
  -760G/T G/T 139 (33.8) 85 (30.5)

T/T 19 (4.6) 3 (1.1) 0.71 (0.53–0.95) 0.018 0.019
Dominant G/G 253 (61.6) 191 (68.5) 1

G/T-T/T 158 (38.4) 88 (31.5) 0.75 (0.54–1.04) 0.083 0.093
Recessive G/G-G/T 392 (95.4) 276 (98.9) 1

T/T 19 (4.6) 3 (1.1) 0.21 (0.06–0.75) 0.005 0.013
Allele G 670 (78.5) 467 (83.7) 1

T 184 (21.5) 91 (16.3) 0.71 (0.54–0.94) 0.015 0.021
rs3754464 Additive A/A 279 (68.0) 162 (58.3) 1
  -746A/G A/G 118 (28.8) 100 (36.0)

G/G 13 (3.2) 16 (5.8) 1.41 (1.08–1.86) 0.013 0.019
Dominant A/A 279 (68.0) 162 (58.3) 1

A/G-G/G 131 (32.0) 116 (41.7) 1.45 (1.05–2.00) 0.025 0.036
Recessive A/A-A/G 397 (96.8) 262 (94.2) 1

G/G 13 (3.2) 16 (5.8) 1.95 (0.90–4.22) 0.082 0.082
Allele A 701 (82.3) 424 (76.7) 1

G 151 (17.7) 132 (23.3) 1.45 (1.11–1.88) 0.006 0.019
rs1417806 Additive A/A 245 (59.6) 184 (66.0) 1
  -491A/C C/A 140 (34.1) 89 (31.9)

C/C 26 (6.3) 6 (2.1) 0.73 (0.55–0.96) 0.017 0.017
Dominant A/A 245 (59.6) 184 (66.0) 1

C/A-C/C 166 (40.4) 95 (34.0) 0.76 (0.55–1.05) 0.083 0.083
Recessive A/A-C/A 385 (93.7) 273 (97.8) 1

C/C 26 (6.3) 6 (2.1) 0.35 (0.14–0.87) 0.007 0.010
Allele A 654 (76.6) 457 (81.9) 1

C 200 (23.4) 101 (18.1) 0.72 (0.55–0.94) 0.016 0.016
To counteract the problem of multiple comparison, p-values were adjusted using false discovery rate (FDR) test. Adjusted p-value means the 
p-value after adjustment for FDR test. A p-value lowering 0.05 was considered statistically significant. IFI16: IFN-γ-inducible protein 16, 
Con: control, SCZ: schizophrenia, OR: odds ratios, CI: confidence intervals, SNP: single nucleotide polymorphism
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DISCUSSION

In our study, we found significant associations of IFI16 pro-
moter SNPs with schizophrenia in a Korean population. The T 
allele of rs1465175 and the C allele of rs1417806 were associat-
ed with a decreased risk of schizophrenia, whereas the G allele 
of rs3754464 was associated with the increase risk. In haplo-
type analysis, the GGA haplotype consisting of rs1465175, 
rs3754464, and rs1417806 was related to schizophrenia. The 
frequency of the GGA haplotype was increased in patients 
with schizophrenia. Moreover, we found that the GGA haplo-
type could significantly elevate the promoter activity of IFI16. 

Growing number of studies have been suggested the in-
volvement of viral infections in the pathophysiology of schizo-
phrenia. The positive correlations between schizophrenia and 
antibody levels against the HSV-1, cytomegalovirus (CMV), 
mumps virus, Toxoplasma gondi (TOX), Epstein-Barr virus 
(EBV) and influenza have shown.1,25-28 Several viruses were 

also proposed to be related to symptoms of schizophrenia. In-
deed, antibody levels of HSV-1 and CMV were positively as-
sociated with cognitive impairment in schizophrenia pa-
tients.5,9-11 In addition, Scale for the Assessment of Negative 
Symptoms (SANS) scores of patients with seropositive schizo-
phrenia on HSV-1 and CMV were significantly higher than 
the scores of patients with the seronegative schizophrenia.29 
Furthermore, HSV-1 was suggested as a maker on the severity 
of schizophrenia. In schizophrenia patients with HSV-1 sero-
positivity, a longer duration of illness, more positive symp-
toms, and poorer quality of life were observed.30 

Viral infections may trigger the repeated inflammatory/im-
munological responses, which have been linked to the patho-
physiology of schizophrenia.28,31,32 IFI16, a DNA recognizing 
sensor, could mediate the inflammatory responses against viral 
infections and would contribute to the susceptibility of schizo-
phrenia. Indeed, in our study, we found the significant associa-
tion of promoter SNPs of IFI6 with schizophrenia. The T allele 
of rs1465175 and the C allele of rs1417806 were associated with 
a decreased risk of schizophrenia. A previous study investigated 
an association between tag SNPs of IFI16 and CD4+ T-cell 
counts in HIV-1 infection.33 HIV-1-infected individuals carry-
ing the C allele of rs1417806 have higher CD4+ T-cell counts at 
set point and a slower disease progression of HIV-1.33 Authors 
suggested that the C allele of rs1417806 might induce a lower 
expression of IFI16 and thus attenuate recognizing of the in-
complete HIV-1 DNA transcripts via IFI16, resulting in less 
CD4+ T-cell death by pyroptosis.33,34 rs1465175 and rs1417806 
were in strong LD in Chinese and Japanese populations at En-
semble genome browser (https://asia.ensembl.org/index.html), 
as well as in our studied population (|D’| ≥0.90, r2 ≥0.8). Thus, 
the T allele of rs1465175 together with the C allele of rs1417806 
may also contribute to a low expression of IFI16. Our luciferase 
activity assay showed that the TAC haplotype comprising of the 
T allele of rs1465175 and the C allele of rs1417806 significantly 
reduced the promotor activity of IFI16 compared to the GAA 
and GGA haplotypes. Thus, the subjects with the T allele of 

Table 3. Analysis of haplotypes consisting of IFI16 polymorphisms in schizophrenia patients and control subjects

Haplotype Frequency
OR (95% CI) p-value

rs1465175 rs3754464 rs1417806 Control Schizophrenia
G A A 0.584 0.569 1 -
G G A 0.161 0.230 1.42 (1.06–1.90) 0.018*
T A C 0.195 0.143 0.75 (0.55–1.03) 0.072
G A C 0.024 0.030 1.17 (0.58–2.35) 0.67
T A A 0.021 0.021 0.94 (0.42–2.10) 0.88
G G C 0.016 0.007 0.55 (0.15–2.00) 0.36

*statistically significant values (p<0.05). IFI16: IFN-γ-inducible protein 16, OR: odds ratios, CI: confidence intervals 

Figure 1. Effect of the haplotypes of IFI16 on the promoter activi-
ty. Luciferase activities of the haplotypes of IFI16 are presented 
relative to those of reference haplotype, the GAA haplotype. Data 
represent the mean of three individual experiments performed in 
triplicate (N=9 for each haplotype). *p<0.01 compare with relative 
luciferase activity of the GAA haplotype. IFI16: IFN-γ-inducible 
protein 16.
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rs1465175 and the C allele of rs1417806 may have a low level of 
IFI16 and may show relatively low immunological/inflamma-
tory responses. Taken together, the attenuated immunological/
inflammatory responses may be involved in a decreased risk of 
schizophrenia. 

However, in the power calculation, the values of powers 
were 0.675 for rs1465175 (number of effective samples=377), 
and 0.622 for rs1417806 (number of effective samples=426). 
Additionally, in the haplotype analysis, the TAC haplotype 
composed of the T allele of rs1465175 and the C allele of 
rs1417806 did not show a significant association with schizo-
phrenia. Nevertheless, the TAC haplotype could attenuate the 
promotor activity of IFI16. The lack of association may be due 
to the relatively small number of subjects. It would be need to 
be validated in further studies with larger sample sizes. In or-
der to determine the association of IFI16 with schizophrenia, 
replication studies are also needed. 

Interestingly, the G allele of rs3754464 of IFI16 was signifi-
cantly associated with an increased risk of schizophrenia. The 
sample power for rs3754464 (power=0.866; number of effec-
tive samples=233) was also enough to verify its statistical sig-
nificance. A previous GWAS showed an association of 
rs3754464 with serum IgE levels although the genome-wide 
significance was disappeared in meta-analysis.35 The G allele 
of rs3754464 may involve in the elevation of the immunologi-
cal/inflammatory responses. In addition, we found a signifi-
cant association between the GGA haplotype consisting of 
the G allele of rs3754464 and an increased risk of schizophre-
nia. The GGA haplotype could increase the promoter activity 
of IFI16 more than 3-fold compared to the GAA or TAC hap-
lotypes. These results indicated that the allele or haplotype of 
IFI16 related to its increased level might be associated with an 
increased risk of schizophrenia. An increased level of IFI16 
could induce the relatively excessive immunological/inflam-
matory responses against invasions of viruses. This may be at-
tributed to abnormal cortical circuit and increase of the sus-
ceptibility to schizophrenia. 

In conclusion, promoter SNPs of IFI6, rs1465175, rs3754464 
and rs1417806 were associated with schizophrenia. In the 
analysis of haplotypes consisting of rs1465175, rs3754464 and 
rs1417806, the GAA, GGA and TAC haplotypes were ob-
served as common haplotypes in a Korean population. Among 
them, the GGA haplotype showed a significant association 
with an increased risk of schizophrenia, and elevated the pro-
moter activity of IFI16. These results suggested that the GGA 
haplotype might contribute to the susceptibility of the schizo-
phrenia, inducing the aberrant immunological and inflamma-
tory responses through the activation of IFI16. 
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Supplementary Table 1. Allele frequencies of promoter polymorphisms of IFI16 in ethnic populations

rs1465175 rs3754464 rs1417806
T G A G C A

African  0.238 0.762 0.824 0.176 0.235 0.765
East Asian 0.136 0.864 0.721 0.279 0.157 0.843
CHB 0.107 0.893 0.743 0.257 0.117 0.883
JPT 0.245 0.755 0.76 0.24 0.26 0.74
Europe 0.336 0.664 0.984 0.016 0.302 0.698
South Asian 0.24 0.76 0.79 0.21 0.24 0.76
American  0.2 0.8 0.98 0.02 0.23 0.77
Allele frequencies of each SNP in 1000Genome project are presented (http://asia.ensembl.org). CBH: Han Chinenese in Benjing, China, JPT: 
Japanese in Tokyo, Japan. IFI16: IFN-γ-inducible protein 16


