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Abstract

Background: Schizophrenia is a progressive disease presenting with insufficiencies in thought processes,
perceptions, and emotional responsiveness with early onset. There are no laboratory tests or specific biomarkers
established so far to diagnose the disease, so clinical and psychiatric analysis are used worldwide. Abnormal
neurodevelopment, genetic predisposition and environmental factors are the main factors associated with this
disease. The Neuregulin 3 (NRG3) gene encodes the Neuregulin 3 protein which binds to the extracellular domain
of ERBB4 receptor tyrosine kinase and controls the proliferation, differentiation, and migration of neural progenitor
cells.

Methods: Purpose of this study was to find the NRG3 gene polymorphisms i.e., rs10883866, rs6584400,
rs1937970 and rs677221 in Schizophrenic patients (n=114) and then compared with healthy controls (n=114). For
this purpose, blood samples were taken after the informed consent of patients and the controls followed by DNA
extraction and genotyping through PCR-RFLP and PCR-ARMS.

Results: The minor allele frequencies of the SNPs rs10883866, rs6584400, rs1937970 and rs677221 in
schizophrenic patients were 21.1%, 28.1%, 68.1% and 62.2% respectively. The SNPs rs10883866 and rs6584400
in protective effect toward the Schizophrenia whereas, the other two SNPs showed any statistically significant
difference in the allelic distribution between cases and controls. Haplotype block analysis revealed that C-G
haplotype in block 1, A-G in block 2 had frequencies of 62.4% and 60.7% in cases. The haplotype G-A in block 1
showed the protective effect towards the disease Schizophrenia with the p-va/ue 0.011.

Conclusion: VRG3 has association with the disease schizophrenia. More studies should be conducted including
different phenotypic traits of schizophrenia and meticulous clinical evaluation of the patients with larger sample size
is suggested to find out the association of NRG3 gene with the schizophrenia.
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INTRODUCTION may result in the person developing neuropsychiatric
disorders including schizophrenia later in life [4].

Schizophrenia disease is presented with insufficiencies
in thought processes, perceptions, and emotional
responsiveness. The disease has an onset usually in
late adolescence or early adulthood [1]. Schizophrenia
is diagnosed clinically by psychiatric analysis and by
observing patient’s abnormal social behavior. There
are no laboratory tests or specific biomarkers that can
be used to make a diagnosis of this disease [2].
Abnormal neurodevelopment, genetic predisposition
and environmental factors are considered to be the
main factors associated with this disease [3]. The
developmental process suggests that environmental
insults, early during the development of fetus, such as
viral or bacterial infections, nutritional deficiencies,
exposure to neurotoxins and obstetrics complications
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The neuro-developmental theory of schizophrenia
suggests that the basic pathology of schizophrenia
occurs during the development of brain and that these
developmental brain abnormalities do not become
evident until a person reaches adolescence [5]. This is
supported by the detection of neuroanatomical and
cyto-architectural abnormalities in the brains of
patients. Problems of neuronal migration are seen in
the brains of these patients as is evident by out-of-
place and grouped neurons that are particularly seen
in the entorhinal cortex, suggesting an early
developmental abnormality. Smaller cell bodies and
fewer dendritic spines are seen in pyramidal neurons
of the hippocampus and neocortex of schizophrenia
patients [6, 7].
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Heritability of schizophrenia is strongly exhibited by
family, twin and adoption studies. Inheritance mode is
complex and does not follow the Mendelian law.
Family studies demonstrated a higher risk of
developing schizophrenia in the individuals who have
first or second degree relative affected with this
disease as compared to general population [8]. It has
been reported that the risk of developing
schizophrenia in second degree relatives is about 2—4
%, which increases in first degree relatives to 10-15
% and up to 45% in monozygotic twin [9]. Several
diseases are associated with DNA variations have
been identified by international consortia working on
genetics of this disease. These variations are spread
all over the human genome and are present in genes
that regulate specific function. Although each
individual variant itself has a little effect, it has been
predicted that common variations when taken as a
whole account for about half of the genetic variance
in schizophrenia.

The neuregulin proteins are expressed in neurons and
perform a wide variety of functions in the developing
nervous system. Neuregulin 3 (MRG3) belongs to this
family and is present on the long arm of chromosome
10 (10g23.1) [10, 11]. NRG3 gene has 12 exons: first
five of these exons encode the extracellular epidermal
growth factor domain of the protein, whereas exons 8
to 12 encode the cytoplasmic portion of the protein.
In both fetal and adult human brain, thirteen different
NRGZ3 splice variants have been identified that classify
this protein into 4 different classes. Differential
regulation of NMRG3 isoforms is considered to affect
neurodevelopmental pathways and play a role in the
development of schizophrenia [12]. It has been found
that expression of Class 1 isoforms of NRG3 is
increased to 40% in the dorsolateral prefrontal cortex
of schizophrenia patients as compared to controls.
Similarly, the expression of Class IV NRG3 isoforms is
also increased by 50% in individuals with
schizophrenia as compared to normal controls, while
Class II and III transcripts did not show differences in
expression. Neuregulin are reported to be important in
regulating the growth and differentiation of glial,
epithelial, and muscle cells [13, 14].

NRG3 is a growth factor that binds to the extracellular
domain of ERBB4 receptor tyrosine kinase. This
binding activates tyrosine phosphorylation of ERBB4
receptor and modulates the neuronal migration and
differentiation [15]. MRG3 plays pleiotropic roles in the
development, plasticity of the brain and is essential
for the embryonic cerebral cortex development. It
does so by controlling the proliferation, differentiation,
and migration of neural progenitor cells [16]. The four
SNPs analyzed in the present study were rs10883866,
rs6584400, rs1937970 and rs677221. The two SNPs
rs10883866 and rs6584400 are located in intron 1
while rs1937970 and rs677221 lie in intron 2.
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METHODS

Clinical Sampling

A total of 114 diagnosed schizophrenic patients
fulfilling the criteria of DSM 1V and of both genders
were recruited from Department of Psychiatry in the
tertiary care hospital of Lahore, Pakistan. For
comparison purposes, 114 healthy subjects with no
personal and family history of schizophrenia or any
other psychiatric disorder were also included in the
study as healthy control subjects. After an informed
written consent, blood samples were collected from
the schizophrenic patients and normal subjects in
EDTA containing vials.

Genotyping of Samples

The DNA was isolated by salting out procedure and
estimation of its quality and quantity was done using
Nanodrop. Genotyping for SNPs rs10883866 and
rs658400 was done by PCR-RFLP using the TspR1 and
Hinfl restriction enzyme method as mentioned in
supplementary Table 2. The Components and
concentrations of ARMS-PCR reaction are given in
supplementary Table 3. The SNPs rs1937970 and
rs677221 were genotyped by the ARMS-PCR. The
primer sequences are given in supplementary tables
4-5. The components and concentrations of PCR and
RFLP reaction are given in supplementary Table 2 and
1. PCR-RFLP and ARMS-PCR products were resolved
at 2% while ARMS-PCR products were resolved on 3%
TAE agarose gel along with 50bp DNA size marker
based on molecular weight.

Data Analysis

Hardy—Weinberg equilibrium was tested to check the
deviation of genotype count using a chi-square
goodness-of-fit test using OEGE-Online Encyclopedia
for Genetic Epidemiology Study. Chi-square test
evaluated statistical differences in genotypic and
allelic distribution between schizophrenia patients and
control subjects at significance level of 0.05. The
effect of different alleles was evaluated by calculating
odds ratio (OR) and their 95% confidence intervals
(95% CI) using IBM SPSS software (version 20.0,
SPSS Inc). p-value < 0.05 was considered statistically
significant. Genetic modeling was done using
SNPStats software and Haplotype analysis was done
using SHEsis online software.
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RESULTS

Demographics of Cohort

There were 57.7% male patients and 42.3% were
females. The age of the patients ranged from 18
years to 80 years with a mean age of 35 +£11.6 years.
Most patients (62.0%) were in the age group of 25-40
years and in this age group, percentage of female
patients (70.0%) was greater than males. Majority of
patients (70.8%) were product of consanguineous
marriages. According to their age groups, they were
further stratified into three groups, below 25 years,
25-40 years, and above 40 years. The mean age of
the study population was 35+11.6 vyears. Age
distribution showed that 62.0% of patient’s ages were
25-40 years. However, when male to female ratio was
compared to each age group, it was found that
around 70.0% females (n= 35) were affected during
the age group 25-40 years.

Genotyping for NRG3 SNPs by PCR-RFLP
Supplementary figures 1-4 show gel images of the
genotyping results for SNPS. The allelic and genotypic
frequencies of the four SNPs are given in the Table 6
and 7. The heterozygous CG genotype of rs10883866,
rare homozygous AA genotype of rs6584400 and rare
CC homozygous genotype of rs677221 showed the
protective influence of genotype over schizophrenia
with ODDs of, because its frequency in control group
was significantly more than patient population with
ODDs ratios and CI as (0.32 [0.20-0.52] p=0.042,
(0.390 [0.201-0.756] p=0.014 and 0.258 [.105-.633]
p-value 0.0013 respectively.

Haplotype Analysis and Pairwise Linkage
Disequilibrium:

Linkage analysis was done for all the possible pairwise
combinations of 4 SNPs with minor allele frequency >
1%. Figure 1 exhibits the visual depiction of the
degree of LD which was determined by the standard
disequilibrium coefficient D/ and r? values. Two LD
blocks were defined using these D/ and r? values. Each
block contained two SNPs i.e. rs10883866 and
rs6584400 were included in block 1 whereas
rs1937970 and rs677221 were present in block 2. The
LD plot showed that the SNPs within each block were
moderately linked as shown in Figure 1(A) and (B).
Haplotype block analysis revealed eight major
haplotypes, four for the two SNPs of each block as
shown in the supplementary Table 8. In block 1, C-G
haplotype was the most occurring with the frequency
of 62.4% in cases and 46.8% in controls whereas, in
block 2 A-G was the most frequent haplotype of all
with the frequency of 60.7% in cases and 48.52% in
controls. The haplotype G-A in block 1 showed the
protective effect towards the disease schizophrenia
with the p-value 0.011. In block 2, no single
haplotype showed any effect toward the disease’s
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phenotype. The major haplotypes of each block, their
corresponding frequencies and the odds ratios are
described in supplementary Table 8.

A

1510883866 —
m677221 —

18658440

2
2
b
E
2

Block 1

-

510883866
rs658440
m6TT221 —

N | 1937970

Block

-

Figure 1: Linkage disequilibrium analysis for NRG3variants
rs10883866 (1), rs6584400 (2), rs1937970 (3) and
rs677221 (4). White bar indicates the span of NRG3 gene
area having these four SNPs. The two pentagons represent
the two blocks and the boldfaced numbers in blocks
represent the htSNPs. Figure 3.7 (A) presents the LD plot
constructed based on D/ values and the level of LD is
indicated with the color scheme given at its bottom right.
Figure 3.7 (B) shows the LD plot based on r? values.
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DISCUSSION

Linkage studies in different populations have identified
the 10g22-g23 chromosome region as potentially
harboring risk genes for schizophrenia [17]. This
region includes members of the neuregulin family,
which comprises four epidermal growth factor-like
molecules: NRG1, NRGZ2, NRG3, and NRG4 [18].These
molecules interact with the ERbB receptor tyrosine
kinase family, and among them, NRGI and NRG3
have been most strongly implicated in schizophrenia
pathogenesis [19]. NRG3, a key member of the
neuregulin family, binds specifically to the ErbB4
receptor and activate through ligand-stimulated
phosphorylation [20]. Given with its predominant
expression in brain regions such as the hippocampus,
amygdala, and thalamus, NVRG3 plays a crucial role in
neuronal development, particularly in cortical cell
migration and patterning during embryonic brain
formation [21].

This variant has been the focus of increasing attention
in the field of schizophrenia research, as it has been
consistently associated with the disorder across
multiple populations and ethnic groups [22]. The
rs10883866 variant is thought to play a role in the
regulation of gene expression, potentially impacting
the function of genes involved in neurodevelopment,
neurotransmission, and other cellular processes
relevant to the pathophysiology of schizophrenia [23,
24]. Beyond genetic contributions, emerging evidence
suggests that epigenetic mechanisms, such as DNA
methylation, may also contribute to the association
between rs10883866 and schizophrenia [24].

The non-association of rs10883866 with schizophrenia
in the present study aligns with findings from the Han
Chinese and Ashkenazi Jewish populations. However,
both studies demonstrated that when analyzing
"delusion" as a quantitative trait of schizophrenia,
rs10883866 showed significant association with this
clinical feature. The present study focused on
schizophrenia as a discrete phenotype and did not
investigate specific clinical traits, which could explain
the lack of association. In contrast, research on White
Americans of European ancestry revealed an
association  between  rs10883866 and both
schizophrenia risk and the severity of delusions, along
with increased expression of AMRG3 isoforms in the
brains of affected patients [25]. Similarly, Australian
studies found significant associations between
rs10883866 and schizophrenia subtypes characterized
by delusions and relatively intact cognition [26].
Regarding rs6584400, the current study found no
association with schizophrenia, corroborating findings
in Korean population [27]. However, studies in Han
Chinese, Ashkenazi Jewish, and European populations
reported associations between rs6584400 and
delusional traits in schizophrenia [10, 14]. Notably, in
German patients, rs6584400 was significantly
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associated with psychotic symptoms and cognitive
performance [28]. These findings suggest that while
rs6584400 may not contribute directly to
schizophrenia, it could influence specific cognitive or
behavioral traits. In the case of rs677221 and
rs1937970, the present study found no significant
association with schizophrenia, consistent with
previous research on White American populations
[25]. However, studies in Han Chinese populations
reported that rs677221 remained associated with
schizophrenia after multiple testing corrections [14],
highlighting the variability in genetic associations
across populations.

Overall, the current study adds to the evidence
suggesting that NVRG3 SNPs may not be directly
associated with schizophrenia in populations. Genetic
heterogeneity,  population-specific  factors, and
methodological differences likely contribute to the
discrepancies observed between studies. Additionally,
it appears that NRG3 SNPs may be more strongly
linked to specific schizophrenia traits, such as
delusions, rather than to the disorder itself. Future
research with larger sample sizes and comprehensive
clinical assessments of schizophrenia traits is needed
to clarify the role of NRG3 in schizophrenia and
identify other potential genetic contributors to this
multifactorial disorder. Provided with further evidence,
genetic testing covering NRG genes may provide an
instrumental way forward in diagnosis and
pathogenesis assessment of schizophrenia.

Biomedical Current Insights



REFERENCES

1.

10.

11.

De Berardis D, De Filippis S, Masi G, Vicari S,
Zuddas A. A neurodevelopment approach for a
transitional model of early onset schizophrenia.
Brain Sciences. 2021;11(2):275

Kraguljac NV, McDonald WM, Widge AS,
Rodriguez CI, Tohen M, Nemeroff CB.
Neuroimaging biomarkers in schizophrenia.

American Journal of Psychiatry.
2021;178(6):509-21

Bhandari R, Paliwal  JK, Kuhad A.
Neuropsychopathology of autism spectrum
disorder: complex interplay of genetic,
epigenetic, and environmental factors.
Personalized food intervention and therapy for
autism  spectrum  disorder = management.
2020:97-141

Cattane N, Richetto ], Cattaneo A. Prenatal
exposure to environmental insults and enhanced
risk of developing Schizophrenia and Autism
Spectrum Disorder: focus on biological pathways
and epigenetic mechanisms. Neuroscience &
Biobehavioral Reviews. 2020;117:253-78

Patel PK, Leathem LD, Currin DL, Karlsgodt KH.
Adolescent neurodevelopment and vulnerability

to psychosis. Biological Psychiatry.
2021;89(2):184-93
Wade-Kane R, Camara M, Thiam MH.

Contribution of the neuroanatomy of the
cingulate Gyrus to the neuroscientific approach
to depression. Open Journal of Psychiatry.
2021;12(1):37-48

Sanchez-Gonzalez A, Thougaard E, Tapias-
Espinosa C, Cafete T, Sampedro-Viana D,
Saunders J, et al. Increased thin-spine density in
frontal cortex pyramidal neurons in a genetic rat
model of schizophrenia-relevant features.
European Neuropsychopharmacology.
2021;44:79-91

Joseph 1. Schizophrenia and genetics: The end of
an illusion: Routledge; 2022.

Lo L, Kaur R, Meiser B, Green M. Risk of
schizophrenia in relatives of individuals affected
by schizophrenia: a meta-analysis. Psychiatry
Research. 2020;286:112852

Chen P-L, Avramopoulos D, Lasseter VK, McGrath
JA, Fallin MD, Liang K-Y, et al. Fine mapping on
chromosome 10g22-g23 implicates Neuregulin 3
in schizophrenia. The American Journal of
Human Genetics. 2009;84(1):21-34

Fallin MD, Lasseter VK, Wolyniec PS, McGrath JA,
Nestadt G, Valle D, et al. Genomewide linkage
scan for schizophrenia susceptibility loci among
Ashkenazi Jewish families shows evidence of
linkage on chromosome 10g22. The American
Journal of Human Genetics. 2003;73(3):601-11

Volume 1, Issue 1, 2024

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Kao W-T, Wang Y, Kleinman JE, Lipska BK, Hyde
TM, Weinberger DR, Law AJ. Common genetic
variation in Neuregulin 3 (NRG3) influences risk
for schizophrenia and impacts NRG3 expression
in human brain. Proceedings of the National
Academy of Sciences. 2010;107(35):15619-24
Futamura T, Toyooka K, Iritani S, Niizato K,
Nakamura R, Tsuchiya K, et al. Abnormal
expression of epidermal growth factor and its
receptor in the forebrain and serum of
schizophrenic patients. Molecular psychiatry.
2002;7(7):673-82

Wang Y-C, Chen J-Y, Chen M-L, Chen C-H, Lai I-
C, Chen T-T, et al. Neuregulin 3 genetic
variations and susceptibility to schizophrenia in a
Chinese  population.  Biological  psychiatry.
2008;64(12):1093-6

Zhang D, Sliwkowski MX, Mark M, Frantz G, Akita
R, Sun Y, et al. Neuregulin-3 (NRG3): a novel
neural tissue-enriched protein that binds and
activates ErbB4. Proceedings of the National
Academy of Sciences. 1997;94(18):9562-7

Tost H, Callicott JH, Rasetti R, Vakkalanka R,
Mattay VS, Weinberger DR, Law AJ. Effects of
neuregulin 3 genotype on human prefrontal
cortex physiology. Journal of Neuroscience.
2014;34(3):1051-6

Lecoquierre F, Cassinari K, Chambon P, Nicolas
G, Malsa S, Marlin R, et al. Patients with 10g22.
3g23. 1 recurrent deletion syndrome are at risk
for juvenile polyposis. European Journal of
Medical Genetics. 2020;63(4):103773

Jia R, Zhao H, Wang S. Neuregulin Signaling in
the Tumor Microenvironment. Tumor
Microenvironment: Signaling Pathways—Part B.
2021:1-29

Ou G-y, Lin W-w, Zhao W-j. Neuregulins in
Neurodegenerative Diseases. Frontiers in Aging
Neuroscience.
2021;13.10.3389/fnagi.2021.662474

Morato A, Accornero P, Hovey RC. ERBB
Receptors and Their Ligands in the Developing
Mammary Glands of Different Species: Fifteen
Characters in Search of an Author. Journal of
Mammary Gland Biology and Neoplasia.
2023;28(1):10.10.1007/s10911-023-09538-w
Longart M, Calderdon C, Gonzalez M, Grela ME,
Martinez JC. Neuregulins: subcellular localization,
signaling pathways and their relationship with
neuroplasticity and neurological diseases.
Exploration of Neuroscience. 2022;1(1):31-
53.10.37349/en.2022.00003

Khan MS, Lakha F, Tan MMJ, Singh SR, Quek
RYC, Han E, et al. More talk than action: gender
and ethnic diversity in leading public health
universities. The Lancet. 2019;393(10171):594-
600.10.1016/S0140-6736(18)32609-6

Biomedical Current Insights



23.

24,

25.

26.

27.

28.

Simi¢ K, Todorovi¢ N, Trifunovi¢ S, Miladinovi¢ Z,
Gavrilovic A, Jovanovic S, et al. NMR
Metabolomics in  Serum Fingerprinting of
Schizophrenia Patients in a Serbian Cohort.
Metabolites. 2022;12(8):707

Kiltschewskij DJ, Harrison PF, Fitzsimmons C,
Beilharz Traude H, Cairns Murray J. Extension of
mRNA poly(A) tails and 3’UTRs during neuronal
differentiation exhibits variable association with
post-transcriptional dynamics. Nucleic Acids
Research. 2023;51(15):8181-
98.10.1093/nar/gkad499

Kao W-T, Wang Y, Kleinman JE, Lipska BK, Hyde
TM, Weinberger DR, Law AJ. Common genetic
variation in Neuregulin 3 (<i>NRG3</i>)
influences risk for schizophrenia and impacts
<i>NRG3</i> expression in human brain.
Proceedings of the National Academy of
Sciences. 2010;107(35):15619-
24.d0i:10.1073/pnas.1005410107

Morar B, Dragovi¢c M, Waters FAV, Chandler D,
Kalaydjieva L, Jablensky A. Neuregulin 3 (NRG3)
as a susceptibility gene in a schizophrenia
subtype with florid delusions and relatively
spared  cognition. Molecular ~ Psychiatry.
2011;16(8):860-6.10.1038/mp.2010.70

Pasaje C-F, Bae J-S, Park B-L, Cheong HS, Kim J-
H, Park T-J], et al. Neuregulin 3 does not confer
risk for schizophrenia and smooth pursuit eye
movement abnormality in a Korean population.
Genes, Brain and Behavior. 2011;10(8):828-
33.https://doi.org/10.1111/j.1601-
183X.2011.00722.x

Meier B, Rothen N. Grapheme-color synaesthesia
is associated with a distinct cognitive style.
Frontiers in Psychology.
2013;4.10.3389/fpsyg.2013.00632

Volume 1, Issue 1, 2024

Author Contributions: OS collected the samples
and performed experiments. SM helped in literature
search and the drafting of manuscript.

Competing Interests: Authors declare that there
are no competing interests.

Ethical Statement: This study was conducted in
accordance with the principles of the Declaration of
Helsinki and was approved by relevant Institutional
Review Board.

Financial Support: No specific grant was availed for
this research.

Data Availability: The datasets generated and/or
analyzed during the current study are available from
the corresponding author on reasonable request.
Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License. The license
permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and
the source provides a link to the Creative Commons
license, and indicates if changes were made.
https://creativecommons.org/licenses/by/4.0/.

SOl

Biomedical Current Insights


https://doi.org/10.1111/j.1601-183X.2011.00722.x
https://doi.org/10.1111/j.1601-183X.2011.00722.x
https://creativecommons.org/licenses/by/4.0/

