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Abstract: Background and Objectives: Cadherin13 (CDH13) is an uncommon cadherin family member, lacking a 
transmembrane domain, and attaches via a glycosylphosphatidylinositol anchor to the peripheral surface of the 
cell membrane. CDH13 plays an important role in the development and maintenance of axonal growth cones, 
synapse morphogenesis, and the embryonic neural tube. Cadherin superfamily genes have been associated with 
many neuropsychiatric diseases. Studies have shown the Cadherin13 gene as a risk locus for Schizophrenia (SCZ). 
In this study, we investigated CDH13 gene variants rs7204454 in the promotor region and rs9940180 in the in-
tronic region of the gene with susceptibility to SCZ risk in the population of Jammu region of J&K, India. Methods: 
The genotyping was performed using TaqMan assay, where 560 individuals, comprising 164 patients and 396 
healthy controls, were genotyped. Results: The result of the study suggested rs9940180 was significantly found to 
be associated with Schizophrenia and the “C” allele of rs9940180 was associated with increased risk for SCZ (P 
= 0.03817; OR = 1.527; 95% CI, 1.022-2.28) whereas the other variant rs7204454 of CDH13 gene did not show 
significant association with schizophrenia risk with P = 0.8827, OR = 0.582-1.33 at 95% CI. Conclusion: This is 
the first report suggesting a significant association of polymorphism at CDH13 rs9940180 with Schizophrenia in 
the Dogra population group of the Jammu region. The current study offers a piece of important information on the 
genetic reason for CDH13 in the Jammu population of J&K. Also, it supports the GWAS findings on the correlation 
of CDH13 in schizophrenia.
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Introduction

Schizophrenia (SCZ) is a life-threatening mental 
illness with prevalence rates corresponding to 
1% of the global disease burden (World Health 
Organization, 1996). SCZ symptoms include 
delusions, hallucinations, highly impaired be- 
havior, and thinking that badly affects routine 
functions [1, 2]. The causes of Schizophrenia 
include both genetic as well as environmental 
aspects [3].

It is well established that various SNPs were 
associated with schizophrenia, and the SNP 
heritability has been estimated to be 64-80%, 
implying that genetic factors play a significant 
role in the disorder’s etiology. It has also been 

reported that SCZ is associated with several 
abnormalities, like a reduction in the hippocam-
pus, prefrontal cortex, and brain volume [4, 5]. 
Moreover, significant changes in morphology, 
neuron size, and synaptic connectivity also 
associated with SCZ risk [6, 7]. Previous 
research suggests that genes involved in neu-
ronal growth and mature brain activity may also 
be associated with SCZ [7, 8].

Cadherins (CDHs) are a type of cell adhesion 
molecule that mediates cell adhesion and thus 
regulates morphogenesis. CDHs are essential 
for neural tube regionalization, differentiation 
of gray matter, neuronal migration, spine mor-
phology, neural circuit formation, synapse for-
mation, and remodeling in the nervous system 
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[9, 10]. Cadherin13 (CDH13) gene, also known 
as T-cadherin, is a member of the cadherin 
superfamily and is found on chromosome 
16q23 in humans and has a length of 1,169.8 
kbp. CDH13 is a glycosylphosphatidylinositol 
linked protein that does not have cytoplasmic 
and transmembrane domains [11]. 

CDH13 is an important regulator of neurodevel-
opmental processes [11] like synapse forma-
tion and axonal outgrowth is regulated by 
CDH13 [12]. CDH13 encodes for calcium-de- 
pendent cell-cell adhesion protein [13] which 
regulates development of neurons and synap- 
tic plasticity, demonstrating its importance in 
neurodevelopmental processes. Another study 
showed that CDH13 knockout mice exhibited 
learning impairments and hyperlocomotion 
[14]. These results, along with the findings from 
other association studies in which CHD13 is 
associated with, other neurodevelopmental di- 
sorders, make CDH13 a potential candidate 
gene for SCZ [15]. Although, evidence support-
ing the functional implications of common gene 
variation in the CDH13 gene in humans is lim-
ited. Cadherin-13 is highly expressed in the 
brain, where it plays role as a negative regula-
tor of axon guidance and neurite outgrowth 
[16].

CDH13 has been implicated in the susceptibili-
ty to a variety of psychiatric diseases like SCZ, 
autism spectrum disorder (ASD), attention defi-
cit hyperactivity disorder (ADHD), major depres-
sive disorder (MDD), and bipolar disorder (BD) 
[17-19]. At a genome wide level none of these 
associations have been significant, in GWAS 
studies, linking CDH13 gene to psychosis 
comes from at least two different populations, 
CDH13 is highly applicable candidate gene for 
psychosis [20]. 

According to a GWAS conducted on the Dani- 
sh population, rs8057927 in the CDH13 was 
associated with SCZ [22]. It was the first stu- 
dy to show a correlation between CDH13 and 
schizophrenia. Several other studies have been 
conducted to determine the association be- 
tween the CDH13 SNP and SCZ [22, 23]. 
Another family-based study identifies a rare 
duplication i.e. DUP16q23.3 in the CDH13 gene 
and linked with ID, delayed speech, language 
development, and global developmental delay 
[21]. It was observed that the functional va- 
riant in the CDH13 gene rs22199430 has been 

linked to personality traits, and has been shown 
to alter neural processing while performing 
memory tasks [12].

Thus it is pertinent to screen other SNPs in  
linkage disequilibrium (LD) with the CDH13 for 
their association with schizophrenia. In addi-
tion to this study the association of DISC1 SNP 
rs3738401 has also been found in SCZ risk in 
Jammu population [24].

In the present study, we determined the as- 
sociation of rs9940180 and rs7204454 of 
CDH13 with SCZ in the North Indian population. 
Also, we found linkage disequilibrium (LD) pat-linkage disequilibrium (LD) pat-LD) pat-
tern between these two SNPs in our population 
as no such work has been done on the North 
Indian population of the Jammu region.

Materials and methods

Selection criteria

The study was carried out after seeking approv-
al from the Institute’s Ethics Committee (IEC), 
Government Medical College, Jammu, and the 
University of Jammu. All the experiments were 
carried out as per the guidelines and protocols 
of the Indian Council of Medical Research 
(ICMR) (IEC/2017/425). Hospital-based recruit-
ment of cases and controls was performed. All 
the subjects have been confirmed with schizo-
phrenia using the Diagnostic and Statistical 
Manual of Mental Illnesses, 4th edition cri- 
teria, by an experienced psychiatrist (American 
Psychiatric Association, 1994) at Psychiatric 
Diseases Hospital, GMC Jammu. Psychiatric 
conditions induced by physical disease, drugs, 
or other treatments; mentally retarded; family 
history of epilepsy or brain injury; substance 
abuse history; and drug abuse are among the 
subjects’ exclusion criteria. 

Non-psychiatric healthy controls were gathered 
from Jammu, and they underwent drug abuse, 
mental disease history, and family history of 
mental disorders screenings. Both the cases 
and the controls, as well as their respective 
guardians, were informed of the study design. 
Prior to the sample collection, they also provid-
ed their informed consent.

Subjects

The association study included 164 SCZ cases 
and 396 healthy controls. All the subjects 
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recruited in the study belong to the Jammu 
region (Jammu and Kashmir, North India). 
Informed consent from all subjects and family 
members of the schizophrenic patients was 
taken for their recruitment in the study.

Two SNPs (rs9940180 and rs7204454) were 
successfully genotyped and analyzed in 560 
subjects. Out of 164 schizophrenic individuals, 
68% were males and 32% were females, and 
396 healthy individuals, 39% were males, and 
61% were females. Both cases and controls 
belonged to the population of the Jammu 
region.

Sample collection and DNA extraction

Three ml of venous blood was taken from the 
affected and healthy individuals and placed in 
EDTA tubes using disposable sterile syringes. 
Later, samples were stored at -20°C until DNA 
was extracted. DNA isolation was done by using 
the phenol chloroform method [25]. The quali-
tative and quantitative analysis of all the DNA 
samples was done using 0.8% Agarose gel 
electrophoresis and NanoDrop™ 2000/2000c 
(Thermofisher), respectively. 

SNP selection

In the promotor region of CDH13, one LD  
block in the population of Gujarati Indian in 
Houston, TX, from the International Genome 
Sample resource (https://www.internationalge-
nome.org/) was selected. Then two tag SNPs 
(rs7204454 promotor region variant rs994- 
0180 intronic region variant) were selected 
from that LD block with an r2 threshold greater 
than 0.8 and D’ value greater than 0.9 that was 
further confirmed by HaploReg v.4.1.

TaqMan genotyping

The SNP genotyping for variants rs9940180 
and rs7204454 was performed using TaqMan 
allele discrimination assay using Quantsudio 

Real-time PCR system (Thermofisher). The 
genotyping was carried out according to the 
manufacturer’s instructions. The reaction mix-
ture of the TaqMan assay is mentioned in Table 
1. The allelic discrimination plot was generated 
for both SNPs to verify allele distribution in the 
samples (Figures 1 and 2). For the variant 
rs7204454 the red colour represents GG geno-
type, blue represents CC genotype, and green 
represents GC genotype. Similarly, for variant 
rs9940180 the red colour represents CC geno-
type, blue represents TT genotype, and green 
represents CT genotype.

Statistical analysis

All the data was entered into Microsoft Ex- 
cel 2017 worksheet for data extraction and sta-
tistical analyses. The TaqMan assay’s experi-
mental data were analyzed using TaqMan® 
Genotyper Software.

The power of study was calculated using Ge- 
netic Association Study (GAS) power calcu- 
lator (http://csg.sph.umich.edu/abecasis/cats/
gas_power_calculator/index.html) where the 
significance level was set at 0.05, prevalence 
of the disease as 0.3, disease allele frequency 
as 0.5, and odds ratio as 1.5. The power of 
study was observed to be 99.2%. The Chi-
Square test was employed in 2×2 and 2×3 
tables to assess the significance of differences 
in allelic and genotypic distributions, respec-
tively. The association of the variants was eval-
uated by calculating the odds ratio (OR) at a 
95% confidence interval (CI) at a significance 
level of ≤ 0.05. The Genotypic and allelic fre-
quencies were estimated and evaluated for 
Hardy-Weinberg equilibrium (HWE) and associ-
ation of SNP in different models (Genotyping 
model, Allelic model, Dominant model, and 
recessive model) has been done using PLINK 
v.1.07 tool. The LD of the variants was evaluat-
ed and plotted using the Haploview v.4.2 tool. 
In addition, the gene-gene interaction analysis 
was performed to evaluate the interaction of 
the candidate gene with other genes of the 
related pathway and functions using STRING 
v.12.0 (https://string-db.org/).

Results

In the present study, the allelic and genotypic 
frequencies for rs9940180 and rs7204454 
were determined in the studied population 

Table 1. Real-time PCR reaction mix
Components 384-well (5-μl reaction)
TaqMan® Master Mix (2×) 2.50 μl
Assay Working stock (40×) 0.125 μl
Water (Nuclease-Free) 1.375 μl
DNA sample 1.0 μl
Total volume per cell 5.0 μl



CDH13 gene association with schizophrenia in India

6479 Am J Transl Res 2023;13(11):6476-6485

(Tables 2, 3). Both the variants rs9940180 and 
rs7204454 followed the HWE in our population 

with a p-value of 0.558 and 0.4433, respec-
tively (Table 4).

Figure 1. Allelic discrimination plot for the variant rs7204454.

Figure 2. Allelic discrimination plot for the variant rs9940180.
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Interestingly, the variant rs9940180 was sig-
nificantly associated with schizophrenia at an 
OR = 1.527 and a 95% CI = 1.022-2.28 with  
a p-value of 0.03817. While another variant 
rs7204454 was not significantly associated 
with SCZ, with OR = 0.8827 with a 95% CI = 
0.582-1.33 at a p-value of 0.5558 (Table 4). 

Furthermore, the association of the variant 
rs9940180 in CDH13 gene was evaluated for 
different genetic models. In the allelic model  
(C versus T), the minor allele “C” of rs9940180 
was significantly associated with schizophre- 
nia with a p-value of 0.03817 in the studied 
population. The significant association was 
also observed under the recessive model (CC 
versus CT + TT) with a p-value of 0.00119. 
While, the genotypic model had also shown a 
significant association with schizophrenia pre-
disposition with a p-value of 0.005025 in the 
North Indian population. However, no signifi-
cant association was observed under the domi-
nant model with p-value of 0.4839 (Table 5). 
Thus, it can be conferred that the variant 
rs9940180 correlates to Schizophrenia predis-
position in the population of North India in the 
recessive condition.

Linkage disequilibrium

The LD pattern between rs9940180 and rs72- 
04454 was also explored. For variant rs720- 
4454, present at chromosome 16:82625589 

This study is the first genetic study evaluating 
the association of the genetic variants of the 
CDH13 in the population group of North India. 
This study evaluated the association of the reg-
ulatory variant, and an intronic variant by a 
case-control study design in the population of 
the Jammu region (a North Indian population 
cohort). The genome-wide association study 
using Japanese population samples showed 
five tag SNPs (rs12925602, rs7193788, rs- 
736719, rs6565051, and rs7204454) to be 
associated with schizophrenia in the CDH13 
promoter region [23]. In our study, we selected 
rs7204454 in the promoter region and found a 
lack of association in our population. Although 
the susceptibility of CDH13 to several psychiat-
ric diseases was concerned [26]. Except for a 
recent GWAS of a Danish population study, 
there has been no report on the correlation 
between CDH13 and schizophrenia [22].

For the first time, a report on Danish samples 
by Borglum et al., 2014 showed the involve-
ment in of a SNP rs8057927 (intronic) of 
CDH13 with schizophrenia. In the present study 
we examined the relationship in the Jammu 
population of other intronic SNPs rs9940180 
of CDH13 and schizophrenia. Our current re- 
search is the first to examine the relationship 
between CDH13 SNPs rs9940180 and schizo-
phrenia in the population of Jammu region and 
we found statistically significant association of 
rs9940180 with schizophrenia.

Table 2. Distributions of allelic frequencies for 
rs7204454 and rs9940180 in individual studies

SNP ID
Allelic Frequencies

Schizophrenia Control
C T C T

rs9940180 0.432 0.568 0.333 0.667
G C G C

rs7204452 0.317 0.683 0.344 0.656

Table 3. Distributions of genotypic frequencies for 
rs7204454 and rs9940180 in individual studies

SNP ID
Genotypic Frequencies

Schizophrenia Control
CC CT TT CC CT TT

rs9940180 0.219 0.426 0.353 0.068 0.53 0.401
GG GC CC GG GC CC

rs7204452 0.085 0.463 0.451 0.106 0.477 0.416

(forward strand) in CDH13 gene and regu- 
latory variant rs9940180 at chromosome 
16:82619839 (forward strand) in CDH13 
gene, the distance between these two vari-
ants is 5 kb. The LD analysis of studied 
SNPs showed moderate linkage with D’ = 
0.364, r-squared = 0.113 in our studied 
population, as shown in Figure 3. 

Gene-gene interaction 

The gene-gene interaction analysis was 
done so as to evaluate other potential can-
didate genes that might be correlated with 
Schizophrenia. It was observed that CDH13 
gene was interacting with other genes of 
the related pathway; including CDH10, 
CDH5, CDH9, CDH11, CDH17, CDH8, 
CTNNA1, CTNNB1, CTNND1, and JUP. 

Discussion
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The above results suggest that CDH13 variant 
rs9940180 is significantly associated with 
SCZ. CDH13 is significant as it plays a crucial 

We have selected intronic variant rs9940180 
of CDH13, which is in strong LD with rs7204454 
with D’ = 1.0, r2 = 0.946 in the GIH population, 

Table 4. Association analysis in CDH13 gene in SCZ

S. No. SNP ID Affective allele frequency 
(cases-control) p-value Odds Ratio Confidence 

interval
HWE

p-value
1 rs9940180 0.4329-0.333 0.03817 1.527 1.022-2.28 0.558
2 rs7204454 0.3171-0.344 0.5558 0.8827 0.582-1.33 0.4433

Table 5. Association of rs9940180 with schizophrenia in different genetic models

SNP ID Genotyping model 
(p-value)

Allelic model 
(p-value)

Dominant
model (p-value)

Recessive
model (p-value)

rs9940180 0.005025 0.03817 0.4839 0.00119

Figure 3. A systematic representation of LD plot between rs9940180 and 
rs7204454 (D’ = 0.364, r-squared = 0.113).

Figure 4. Interaction of CDH13 with other genes (https://string-db.org/cgi/
network).

role in morphogenesis and 
the maintenance of neuronal 
circuits, synapse formation, 
and remodeling [18] via inter-
acting with various proteins, 
including CDH5, CDH11, CT- 
NB1, CTNND1, etc., as shown 
in Figure 4. This suggest that 
the occurrence of Schizo- 
phrenia in a studied popula-
tion might be due to the in- 
terplay of other interacting 
genes. Therefore, it is perti-
nent to conduct the fine map-
ping of these genes in future 
studies that, might give us  
a better insight about the 
Schizophrenia genetic predis-
position. In addition, the func-
tion of the variants was inves-
tigated using the SNIPA tool. 
As shown in Figure 5, the 
genetic variant rs7204454 
has a direct regulatory eff- 
ect. In contrast, the variant 
rs9940180 indirectly impacts 
the functioning of the gene, 
so polymorphism in any re- 
gion could potentially affect 
the neighboring SNPs and dis-
rupt the overall physiology of 
the gene. This genetic variant 
has never been studied in 
SCZ in any Indian population, 
and this is the first study from 
the Jammu region.
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whereas in the present study, rs9940180 and 
rs7204454 are in moderate LD with each other 
with D’ = 0.364 and r-squared = 0.113 in the 
population of Jammu.

The results of an association study in the 
Japanese population showed a substantial dif-
ference between SCZ patients and healthy con-
trols in the distribution of the GACAG haplotype 
in the CDH13 promoter region. They confirmed 
that haplotype variants in the CDH13 promoter 
region alter in correlation to schizophrenia [23]. 
Based on the frequency of the haplotypes, it 
can be inferred that they may have a protective 
role. The distributions between different popu-
lations of SNP haplotypes (rs7204454) vary. 
Among Asian and Caucasian populations, the 
frequency of the GACAG haplotype is rare, 
0.024-0.1266. There is the frequency of this 
haplotype in Africans [27].

CDH13 was identified as one of the most close-
ly related genes in attention deficit hyperactivi-
ty disorder studies [26, 28, 29], and a meta-
analysis of hyperactivity or attention deficit dis-
order link scans recognized the CDH13 region 

as the only significant genome-wide region 
[30]. GWA studies have also reported the par-
ticipation of CDH13 in autism [31], depression 
[32], and a current study concerned CNVs as- 
sociated with CDH13 in autism susceptibility 
[33]. Consequently, our outcome, the correla-
tion of the CDH13 gene in schizophrenia, is 
confirmed by the primary function of CDH13  
in brain development and in controlling neural 
circuit essential accompanied by the evidence 
of CDH13 participation in other psychiatric 
disorders.

While it was done using a small sample relative 
to current GWA research, this study has recog-
nized a novel risk locus, suggesting that p-val-
ues in such a manner might act as a powerful 
tool. The accruing descriptions of independent 
communication signals from nearby placed 
SNPs support this [34, 35]. Furthermore, the 
variant in the intronic region displayed a sig- 
nificant association in the Danish population. 
Similarly, independent replication of another 
intronic variance in the Jammu population also 
reported a significant association. These previ-
ous studies indicated the role of CDH13 in the 

Figure 5. Linkage disequilibrium plot which shows the amount of correlation between a sentinel variant (blue colo-
red) and its surrounding variants. The sentinel variant is upward triangle thus signifies that variant has regulatory 
effect (http://snipa.helmholtz-muenchen.de).
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pathophysiology of schizophrenia. Consequen- 
tly, the attention in this document to CDH13 
may be fair, and additional studies are required 
to confirm the correlation of CDH13 to schizo-
phrenia pathophysiology.

Furthermore, in multiple ethnic groups, the 
genetic association of CDH13 SNPs with schi- 
zophrenia may be inconsistent. Therefore, addi-
tional studies with larger samples are warrant-
ed in South-Asian populations. Further studies 
involving large sample sizes and more probable 
SNPs could bring new biomarkers linked to the 
disorder’s susceptibility, progression, or severi-
ty. They could prove enormously helpful in 
detecting persons at enhanced risk and in their 
clinical organization. It is theorized that fur- 
ther examination of such polymorphism studies 
may lead to a significant understanding of the 
genetic pathophysiology of schizophrenia.
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