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Abstract

Background and objective: Schizophrenia (SCZ) is a severe mental biological disorder with a

multifactorial manner of transmission and inheritance associated with environmental, develop-

mental, and genetic set-off. It is a heritable disorder that involves genes and metabolic mecha-

nisms in a combined effect, each conferring a small increase in the overall disease burden. Its

etiology is not fully understood, although recent studies showed a relationship between SCZ and

inflammation. Evidence from various studies indicates that dysregulation of TLR genes may have

a role in the physiopathology of schizophrenia. In the present study, 4 polymorphisms, each in

TLR1, TLR2, TLR4, and TLR6, were studied to explore their role in susceptibility to SCZ in the

Dogra population of the Jammu region.

Methods: Five hundred (500) individuals including 200 SCZ and 300 healthy controls were

included in the study. DNA was isolated and Sanger’s sequencing was performed after PCR

amplification.

Results: Statistically significant association of TLR2 (rs3804099) was observed in the study popu-

lation, the C allele of rs3804099 is associated with the increased risk for SCZ (OR=2.667; [1.4196

−5.0093 at 95%CI] P = 0.0023). No statistically significant associations with SCZ were observed in

the target population at TLR1, TLR4, and TLR6.

Conclusion: Study concludes that TLR2 (rs3804099) may be associated with schizophrenia in the

targeted population. Advance studies can be carried out focusing on finding potential SNPs for

establishing a candidate gene approach.
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Introduction

Schizophrenia (SCZ) is a withering neuropsychiatric disorder
that impacts about 1% of the worldwide population. It is
characterized by certain symptoms like delusions, hallucina-
tion, disorganized speech and thought, impaired cognition,
social withdrawal, and inability to feel pleasure.1,2 In addi-
tion, schizophrenics may have different mental health prob-
lems such as anxiety disorders, major depressive illness,
substance use disorder.3 Symptoms usually come in stages,
begin in adolescence and last a long time. The causes of SCZ
include each genetic and environmental factor consider-
ably.4 Conceivable environmental elements consist of habi-
tation, cannabis use, certain infections, parental age, and
bad nutrition throughout being pregnant.4,5 Genetic factors
consist of a variety of frequent and rare genetic variants.6

Based on estimation, the heritability of SCZ can be as exces-
sive as 80%, suggesting that genetic factors can also play an
important role in the etiology of the disease.7 The keystone
of treatment is antipsychotic medication in addition to
counseling, job training, and social rehabilitation.4 It is
undecided whether typical or atypical antipsychotics are
better.8,9 A vast and illustrious number of attempts have
been made to explain the link between altered brain
function and SCZ.1 One of the most frequent is the
dopamine hypothesis, which attributes psychosis to the
mind's inaccurate interpretation of dopaminergic neurons’
misfiring.1,10,11 Of all the acquainted threat elements for
SCZ, genetics is the biggest one. There is no particular mode
of inheritance known. Elucidation of etiological factors
remains the assignment to SCZ researchers as the most effec-
tive method for the identification of genetic risk elements
for SCZ is unclear. All this has led to the adoption of several
approaches, such as polymorphism, in an attempt to clarify
the genetic etiology. The present study is based on exploring
the role of innate immunity genes in SCZ with a focus on
checking the association of TLR genes polymorphism with
SCZ. Toll-like receptors (TLRs) are a class of proteins that
play a key role in the innate immune system. They are sin-
gle, membrane-spanning, non-catalytic receptors and are
usually expressed on many immune cells to recognize struc-
turally conserved molecules derived from microbes. They
recognize microbes that have reached the physical barrier
such as the skin or intestinal tract and respiratory tract
mucosa and activate immune cell responses.12 TLRs lead to
the activation of the innate immunity and adaptive immune
system through the production of cytokines and the expres-
sion of co-stimulator molecules which, in turn, also affect
neurodevelopment and may have a role in neuropsychiatric
disorders.13−16 Innate immunity has a major role in the pro-
gression of neuropsychiatric disorders17 and the role of
immuno-inflammatory abnormalities has been seen in neuro-
progression.18 Although the immune system is mostly linked
with infectious diseases, the expression and functioning of
certain innate immunity genes like TLRs affect neuronal
development.13 Their dysregulation is linked with innate
immunity genes. A disturbed cytokine profile is generally
seen in patients with schizophrenia and there is an increased
level of proinflammatory cytokines (like TNFa, INFg, IL6,
etc).19-21 The cytokine expression is also regulated by
TLRs.13 Any disruption in TLR genes can disturb the cytokine
expression resulting in an altered profile. It is evident from

various studies that there is inflammatory stress in patients
with schizophrenia, which can be due to variations in the
TLRs.22,23 It is important to study the role of TLRs in neuro-
development disorders like SCZ as they are known to regu-
late cytokines and co-stimulatory molecules. As disruption of
the immune system and disturbance in the cytokine profile
of patients is evident from various studies, any variation in
the genes of TLRs (like SNPs) can be checked. TLR encoding
genes play an important role in host immunity, and variants
in these genes can lead to structural and functional changes
in these receptors, causing an altered immune response,
inflammatory stress, and influencing neuropsychiatric disease
progression.13,17,18 Different studies in different populations
have tried to explain the role of TLRs and the association of
TLR genes polymorphism with SCZ risk. An advanced and bet-
ter understanding of the stimuli and mechanisms responsible
for these responses could lead to improved SCZ treatment
and a better understanding of the innate immunity gene
markers for SCZ. Hence, it is important to study the polymor-
phism in TLR genes in different populations for its association
with SCZ risk and establish its role as a candidate gene asso-
ciated with SCZ. Genetic studies can describe disease diag-
nosis, prognosis, treatment, or clinical stratification and help
achieve personalized treatment plans for each patient. This
study involves the analysis of SNPs and such SNPs associated
with SCZ disease can be used as markers for disease suscepti-
bility. The present study provides great promise for SCZ man-
agement because a lot of improvement is required for
disease assessment and management. SNP data can be used
as a powerful tool for combating SCZ. SNPs are important as
medical diagnostic indicators in the progression of diseases
and biomedical research, where comparison can be made in
a region of the genome between cohorts at the genome-
wide level. SNPs are among the forms of variations in the
TLR genes and these TLR polymorphisms are associated with
various disorders. This makes studying TLR Polymorphism in
schizophrenia important.

Material and Methods

Study population

Jammu province is among the most diverse areas of the
Union Territory of Jammu and Kashmir in India. It has Dogras,
Kashmiris, Gujjars/Bakarwals, and Paharis as the major eth-
nic groups. Ethnically, the majority of the population of
Jammu is Dogra. Dogra is an ethnically, linguistically, and
culturally defined group that mostly lives in the
Jammu, Udhampur, Reasi, Samba, and Kathua districts of
the Union Territory. The participants belonged to this very
group.

Ethics statement

All experiments were performed in accordance with the
approved guidelines and regulations of the Institutional
Ethics Committee (IEC), issued by the Government Medi-
cal College, Jammu (IEC/2017/425) and University of
Jammu, per the guidelines of the Indian Council of Medi-
cal Research (ICMR). Informed consent was obtained from
all participants.
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Selection criteria

The cases were recruited from Government Psychiatric Dis-
eases Hospital, Jammu, and they were diagnosed by an
experienced psychiatrist in accordance with the Diagnostic
and Statistical Manual of mental disorders, 4th edition (DSM-
IV) (American Psychiatric Association, 1994). The present
study consisted of 200 SCZ and 300 healthy controls. Of the
200 SCZ patients, 56.6% were male and 43.4% female, and,
among 300 controls, 54.8% were male and 45.2% female.
The mean ages were 37.8 § 11.6 years for cases and
34.7 § 11.3 years for controls. The relevant information for
the genetic study was gathered by interviewing the patients
with schizophrenia and their family members. Details
regarding family history with the disorder and the onset of
the disease were also obtained. Exclusion criteria for the
cases were: psychiatric disorders caused by physical illness,
medications, or other treatments; mentally retarded; family
history with epilepsy; head injury; substance abuse history,
and drug abuse. SCZ patients having psychiatric disorders
caused by physical illness, medications, or other treatments;
mentally retarded; family history with epilepsy; head injury;
substance abuse history and drug abuse were excluded from
the study. Independent non-psychiatric healthy controls
were collected from the local region of Jammu and they
were screened for drug abuse, any mental illness history,
and family history of mental disorders. The study design was
explained to both cases and controls and their respective
guardians.

Blood sample collection and DNA isolation

3 ml of peripheral blood was collected from all cases and
controls. EDTA-containing vacutainer tubes were used to
store the blood samples at -20 °C. The utmost care was
taken in all steps requiring the handling of blood.

Genomic DNA isolation from human whole blood sam-
ples was done by non-enzymatic salting-out method24

and by DNA extraction protocol from fresh and frozen
blood.25 The quality and size of genomic DNA were
checked on 0.8% agarose gel by electrophoresis, and
quantification of DNA was done by measuring the absor-
bance at 260 nm using Nanodrop (Thermofisher Scien-
tific). The concentration of the DNA samples was in the
range of 60−700 ng/ml.

SNP selection

The four SNPs, each one in the transmembrane receptor
gene TLR1, TLR2, TLR4, and TLR6 were selected for the
study Table 1. SNP selection for TLR1(rs4833095), TLR2

(rs3804099), TLR4(rs4986790), and TLR6(rs5743810) was
done by taking the following elements into consideration:

1. International HapMap Project (http://www.hapmap.org)
and other public databases within the Genome Variation
Server.

2. GWAS central and then confirmed by dbSNP
3. Various other databases were used to cross-check the

selected SNPs
4. dbSNP (http://www.ncbi.nlm.nih.gov/SNP/)
5. LocusLink(http://www.ncbi.nlm.nih.gov/LocusLink/list.cgi)
6. TSC (http://snp.cshl.org/)
7. SNPper (http://snpper.chip.org/bio/)
8. Ensemble genome browser and UCSC genome browser

were used to study the gene sequences.

Genotyping

SNP genotyping of TLR1(rs4833095), TLR2(rs3804099),
TLR4(rs4986790), and TLR6(rs5743810) was done by
Sanger’s sequencing method. Primers were designed by
the Primer-BLAST tool, and the primer sequence detail of
all the variants is provided in Table 2. PCR was per-
formed using denaturation at 94 °C for 3 min; followed
by 35 cycles at 94 °C for 50 s, (at optimum temperature
for different gene primer sets) for 30 s and 72 °C for
50 s; and a final extension at 72 °C for 5 min. PCR prod-
ucts were analyzed using 1% agarose gel electrophoresis
and visualized after staining with ethidium bromide. The
amplified products were purified and then sent for
sequencing by ABI 3500 genetic analyzer (Applied Biosys-
tems, Carlsbad, CA, USA).

Statistical analysis

Genotype distribution and allele frequencies were cal-
culated by the gene-counting method. Hardy−Weinberg

Table 2 Forward and reverse primer sets used for amplifi-

cation of gene fragments of interest.

Gene Primer Sequence Amplicon Size

TLR1/ rs4833095 CCGAACATCGCTGA-

CAAC TTGCCACCCTAC

TGTGAACC

612 bp

TLR2/ rs3804099 TCCTGGTTCAAGCCCC

TTTC GTGAGCAAAGT

CTCTCCGGT

881 bp

TLR4/ rs4986790 AGAGGGCCTGTGC

AATTTGA CTGCCTCTG

GTCCTTGATCC

967 bp

TLR6/ rs5743810 TCTTGGTTCAAGC

CCCTTTC GTGAGCAA

AGTCTCTGCGGT

647 bp

Table 1. SNPs selected, chromosomal position, location on whole genome and their allele.

Gene SNP ID Chromosome Position Allele

TLR1 rs4833095 4 38798089 C/T

TLR2 rs3804099 4 154624656 C/T

TLR4 rs4986790 9 117713024 A/G

TLR6 rs5743810 4 38828729 C/T
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equilibrium assumption was tested among controls.
Genotype and allele frequencies between cases and
controls were compared using the chi-square test. The
magnitude of association was expressed as an odds
ratio (OR) with 95% CI. P < 0.05 was considered signifi-
cant for all analyses. The statistical analyses were done
by using SPSS 21.0 version. P < 0.05 was considered
significant for all analyses.

Results

Four SNPs TLR1(rs4833095), TLR2(rs3804099), TLR4

(rs4986790), and TLR6(rs5743810) were successfully geno-
typed and analyzed in a total of 500 subjects. Also, the gene
interaction was investigated by String Software (https://
string-db.org/). TLR1, TLR2, TLR6 genes were found inter-
acting with each other, which is shown in Fig. 1.

Hardy Weinberg equilibrium

The allelic distribution of two SNPs, TLR1(rs4833095) and
TLR2(rs3804099) were under the Hardy−Weinberg equi-
librium (p > 0.05) when tested for chi-square goodness-
of-the-fit test. Two SNPs, TLR4(rs4986790) and TLR6

(rs5743810), showed monomorphic distribution in the
study population.

Genotypic analysis of TLR1(rs4833095), TLR2
(rs3804099), TLR4(rs4986790), and TLR6

(rs5743810)

The frequencies of genotype or allele distribution of all the
four SNPs were studied in SCZ patients and healthy controls.
Table 3 shows the genotypic distribution and Table 4 shows
the allelic frequencies of TLR1rs4833095(C/T), TLR2rs3804099
(C/T), TLR4rs4986790, TLR6rs5743810 polymorphisms along

Fig. 1 Interaction of TLR 1, 2 and 6 genes with one another and other genes (https://string-db.org/cgi/network). Thickness of

nodes is directly proportional to relationship with the genes.

Table 3. Genotyping distribution were compared between the cases and control subjects.

Gene/SNP Risk Allele Subjects Genotype HWE

TLR1/rs4833095 C CC CT TT

Controls = 300 24 198 78 0.23

Cases = 200 32 108 60

TLR2/rs3804099 C CC CT TT

Controls = 300 18 132 150 0.52

Cases = 200 32 68 100

TLR4/rs4986790 G AA AG GG

Controls = 300 295 5 0 __

Cases = 200 109 10 0

TLR6/rs5743810 T CC CT TT

Controls = 300 264 36 0 __

Cases = 200 196 4 0
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with association analysis. The difference between SCZ and
healthy individuals for the TLR1 rs4833095 risk allele was
found statistically insignificant (p = 0.77, OR=1.0856, 95% CI
0.62−1.90). The frequency of TLR2 rs3804099 allele C is
(0.33) in SCZ cases and (0.28) in controls, (OR=2.667; [1.4196
−5.0093 at 95%CI] P = 0.0023) and the difference was found
to be statistically significant. The genotypic frequencies were
also found not significantly different between cases and con-
trols for TLR4 (rs4986790) and the population under study
showed the monomorphic distribution of allele A (frequency
98.3% & 99% in controls and cases, respectively). However, in
a few samples, the heterozygous condition was seen. For
TLR6 rs5743810, the difference between SCZ and healthy
individuals was not statistically significant (p = 0.09,
OR=6.3191, 95%CI 0.75−53.48). Genotype CC was prevalent
in the study population for rs5743810.

Discussion

The current study explored the allelic and genotypic fre-
quencies of polymorphisms in four genes, one each in the
exonic region of TLR1, TLR2, TLR4, and TLR6 by a case−con-
trol set up in the Dogra population of the Jammu region. Fur-
ther, the role of the variants was observed using the SNIPA
online tool. It was observed that the genetic variant
rs4833095 has a direct effect on the transcript (as it is a mis-
sense variant), as shown in Fig. 2, whereas the variant
rs3804099 has a direct regulatory effect, as shown in Fig. 3.
Also, the genetic variant rs5743810 has a direct effect on
the transcript, as shown in Fig. 4, so, polymorphism in any of
the regions could affect the neighboring SNPs and disturb
the overall physiology of the genes. This is the first study
addressing the association of the polymorphism in TLR genes

Fig. 2 Linkage disequilibrium plot shows the amount of correlation between a sentinel variant rs4833095(blue colored) and its sur-

rounding variants (red colored). The TLR1 variant rs4833095 has transcript effect on the gene as it is mis-sense variant. The Y-axis sig-

nifies the correlation coefficient (r2); the X-axis signifies the chromosomal position of each SNP. The plot symbol of each variant

designates its functional observations (http://snipa.helmholtz-muenchen.de).

Table 4. Allelic frequencies were compared between the cases and control subjects.

Gene/SNP Risk Allele Controls (n = 300) Cases (n = 200) HWE Allelic OR P Value

TLR1/ rs4833095 C C = 0. 41

T = 0.59

C = 0.43

T = 0.57

0.23 1.0856

(0.62−1.90)

0.77

TLR2/ rs3804099 C C = 0.28

T =0.72

C = 0.33

T = 0.67

0.52 2.667

(1.4196−5.0093)

0.0023

TLR4/ rs4986790 G A = 0.983

G = 0.017

A = 0.99

G = 0.01

— 2.0204

(0.18−22.61)

0.57

TLR6/ rs5743810 T C = 0.94

T = 0.06

C = 0.99

T = 0.01

— 6.3191

(0.75−53.48)

0.09
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Fig. 4 Linkage disequilibrium plot which shows the amount of correlation between a sentinel variant (blue colored) and its

surrounding variants. The TLR6 (rs5743810) sentinel variant is downward triangle thus signifies that variant has direct Tran-

script effect.

Fig. 3 Linkage disequilibrium plot which shows the amount of correlation between a sentinel variant (blue colored) and its sur-

rounding variants. The TLR2 sentinel variant (rs3804099) is upward triangle thus signifies that variant has direct regulatory effect

(http://snipa.helmholtz-muenchen.de).
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with schizophrenia (SCZ) in this population. All the TLR

genes selected for the study code for membrane-bound TLRs
are present on the cell surface.

In various studies, the association of single nucleotide poly-
morphism in different TLR genes with a set of diseases includ-
ing neuropsychiatric disorders has been reported. A French
study observed the combined effect of SNPs of TLR2

(rs4696480 and rs3804099) and TLR4 (rs1927914 and
rs11536891) for their association with bipolar disorder and
found that TLR2 rs3804099 TT genotype can be associated
with the risk of bipolar disorder, which is also a neuropsychiat-
ric disorder.26 A 2014 study found that the TLR2 rs3804099 TT
is significantly more prevalent in early-onset bipolar
disorder.27

A Korean study investigated the coding region of single
nucleotide polymorphisms (SNPs) of the TLR2 gene for their
association with the SCZ as well as with clinical symptoms in
SCZ patients. The results provide the possibility of associa-
tion of C allele of rs3804099 and rs3804100 with a poor con-
centration in SCZ patients.28 In this study, we have found
significant differences in genotypes between cases and con-
trols; hence, the genetic association could be established
between TLR2 rs3804099 C allele and SCZ in the Dogra popu-
lation of the Jammu region (OR=2.667; [1.4196-5.0093 at
95%CI] P = 0.0023).

A study by Keri et al. investigated a molecular pathway tra-
ditionally linked with neurodevelopmental hypothesis (neure-
gulin 1 - ErbB) and pathogen-associated pattern-recognition
receptors associated with the immune hypothesis. The expres-
sions of TLR4/TLR5 and ErbB were measured and results
revealed increased TLR4/TLR5 and decreased ErbB4 expres-
sion in SCZ relative to the control subjects.29 It was concluded
from the results that the stimulation of TLR4 and ErbB induces
opposite pro-inflammatory cytokine responses in SCZ.

In a 2016 study, the association of TLR4 polymorphism
including rs4986790 with SCZ was checked. It was also sug-
gested that there is an altered innate immune response in
patients with chronic SCZ, wherein the TLR4 proinflamma-
tory pathway could be affected. The study suggested activa-
tion of the toll-like receptor-4 proinflammatory pathway in
patients, although rs4986790 was not found to be
significantly associated with SCZ.23 Researchers found evi-
dence of alterations in the expression of initial elements of
the TLR4 signaling pathway (TLR4, Myeloid differentiation
primary response gene 88 [MyD88], and nuclear factor-k B
[NF-kB]) in the Pre-Frontal Cortex (PFC) of patients with
SCZ.23 In our study, we could also not find a significant asso-
ciation between TLR4 rs4986790 and SCZ. Genotype AA was
found prevalent in both cases as well as controls (97% in con-
trols and 98% in cases).

In the TLR6 gene, the SNP rs5743810 showed no polymor-
phism, genotype CC was seen prevalent in our population,
and it was concordant with the genotypic frequencies found
in the GIH population in the HapMap project. Although
some other populations have shown polymorphism at this
position but in the population of the study, the presence of
allele C is found significantly unassociated with the SCZ.

Also, in the case of TLR1 rs4833095 polymorphism, we
could not find a significant association with the SCZ. This non-
synonymous polymorphism, located in the extracellular
domain, results in an asparagine-to-serine amino acid
change.30 This polymorphism has been extensively studied

worldwide in the case of infectious diseases and, in some stud-
ies, polymorphism at this SNP location has shown to provide
resistance against various diseases like tuberculosis (TB). How-
ever, there is no report of association of this SNP with SCZ.
The CT genotype of TLR1 SNP rs4833095 is associated with
resistance to TB across ethnic groups.30 Two independent stud-
ies, one by Dittrich et al., from Hyderabad, and another by
Sinha et al. (2014) from Agra, India, have reported that CT
genotype protects against TB.31,32

Variants TLR1 rs4833095, TLR4 rs4986790, and TLR6

rs5743810 are not significantly associated with SCZ in the
Dogra population of the Jammu region in this study. TLR6

rs5743810 and TLR4 rs4986790 were found to be largely mono-
morphic in this population (unlike in the case of other popula-
tions) with very few heterozygous genotypes. The present
study showed interesting findings that some of the SNPs which
are found to be associated with SCZ and other neuropsychiatric
disorders in different populations are not associated with the
disease in this region. Further association studies involving
larger study cohorts are needed to substantiate our results.

Conclusion

Our results suggest that polymorphism at TLR2 rs3804099
was significantly associated with the disease risk. If the asso-
ciation is validated on large sample size and replicated in
other populations, the SNP can be used for the establish-
ment of a biomarker for the disorder diagnosis. However,
our outcome may give important data to help clarify the eti-
ology of schizophrenia. Eventually, the information can be
utilized to accurately ascertain an individual's risk of devel-
oping SCZ and assist in preventing this disease that nega-
tively affects many individuals and families across the
world. Further exploration of such polymorphism studies
could lead to an important understanding of the genetic
pathophysiology of SCZ. Hopefully, further research in this
area, especially SNPs which are found associated with SCZ
can help in assessing the SCZ risk determination.
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