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NRGI1, PIP4K2A, and HTR2C contain possible genetic
biomarkers of several clinical subphenotypes of depression
and bipolar disorder
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Abstract — In the present study six genes were analyzed by
sequencing a cohort of patients with affective disorders. A number
of genetic variants were found to be associated with antidepressant
treatment response, time to recurrence of episodes, and depression
severity.
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Introduction

GSK3B [1], BDNF [2], NGF [3], NRGI [4], HTR2C [5, 6],
and PIP4K2A [7] are genes that showed some importance in the
study of molecular etiology of psychiatric disorders. These genes
are functionally connected. GSK3B plays a central role in the
AKT/GSK3 molecular pathway [1]. The binding of either BDNF,
NGF, or NRG1 to their respective receptor tyrosine kinases
(TrkB, TrkA, and ERBB4) leads to inhibition of GSK3B via
activation  of  phosphoinositide = 3kinase  (PI3K), 3-
phosphoinositide-dependent protein kinasel (PDPK 1) and AKT1
[1, 4, 8, 9]. Binding of serotonin to HTR2C leads to the opposite
effect: GSK3B activation [1]. PIP4K2A codes for
phosphatidylinositol-5-phosphate 4kinase type 2a, a kinase that
catalyzes the phosphorylation of phosphatidylinositol-5-
phosphate (PISP) to form phosphatidylinositol-5,4-bisphosphate
(PIP2) [7]. A link between PIP4K2A and GSK3B involves
activation of potassium channels KCNQ by PIP2 and GSK3B
(Fig. 1) [10-12]. These channels play a critical role in the
regulation of neuronal excitability [ 13] and are potential treatment
targets for manic symptoms [14].

Study subjects. We included the following numbers of
patients with mood disorders, diagnosed using the criteria of the
International Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10): 19 patients with
bipolar affective disorder, 55 patients with depressive episode,
and 41 patients with recurrent depressive disorder. As a negative
control, 34 individuals without psychiatric disorders were also
recruited into the study.
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Targeted DNA sequencing. Targeted next generation sequencing
was performed using the Ion Torrent semiconductor technology
(Thermo Fisher Scientific) at the Center “Medical Genomics” of
the Tomsk National Research Medical Center. A custom DNA
panel of 86 amplicons, covering 57 targets, was designed using
the Ion AmpliSeq Designer. The targets comprised exons and
flanking intronic regions of GSK3B, BDNF, NRGI, NGF,
HTR2C, and PIP4K2A.

Sequencing analysis workflow. The unmapped BAM files were
converted to the FASTQ format using Picard tools. Quality
control of raw sequencing data and trimming of low quality bases
and adapters was done using FastQC and Trimmomatic.
Discovery of variants was done using GATK. Variants were
annotated with rsIDs listed in the Database of Single Nucleotide
Polymorphisms build 153 (dbSNP) and the Genome
Aggregation Database (gnomAD). In order to assure the
extraction of reliable sequencing results, we used hard filtering
parameters.

Functional annotation of variants. Functional annotation of all
discovered variants was done with ANNOVAR, SnpEff,
HumanSplicingFinder, the GeneCards database, and the
Genotype-Tissue Expression (GTEx) portal that lists expression
quantitative trait loci (¢QTLs) in various tissues.

Association study. Tests under a number of statistical models —
linear regression and various logistic regressions — were run to
evaluate association between variants, discovered with
sequencing, and clinical subphenotypes.

Results

Association with clinical subphenotypes

1) NRGI: The allele  "del" of
NC_000008.11:2.32614509 32614510del is associated with
absence of response to antidepressants among patients with
depression. Longer intervals between episodes in the bipolar and
cross-disorder groups are associated with the allele C of
rs35641374.

2) PIP4K2A: The allele A of rs61731109 is associated
with absence of response to antidepressants among patients with
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depression. The allele G of rs10508649 is associated with
absence of response to antidepressants among patients with
depression and with longer intervals between manic or mixed
episodes among patients with bipolar disorder.

3) HTR2C: The allele A of rs2248440 is associated with
higher severity of depression among patients with depression.

Functional annotation of associated variants

1) NRGI: no obvious biological function of associated
variants.

2) PIP4K2A4: rs61731109 and rs10508649 may affect
splicing of PIP4K2A's transcripts; the second variant is found
within the enhancer GH10J022572 for this gene.

3) HTR2C: 1s2248440 is an eQTL.

Discussion

Possible genetic biomarkers

Rs35641374 and rs10508649 (NRGI and PIP4K24) may be
prognostic biomarkers of time to recurrence of depressive and
manic/mixed episodes among patients with bipolar disorder.
NC _000008.11:2.32614509 32614510del, rs61731109, and
rs10508649 (also NRGI and PIP4K2A) seem to be predictive
biomarkers of response to pharmacological antidepressant
treatment. In particular, the allele G of rs10508649 (PIP4K2A)
may increase resistance to antidepressant treatment and be at the
same time protective against recurrent manic/mixed episodes.
These results support previous data indicating a biological link
between resistance to antidepressant treatment and mania [15,
16]. Bioinformatic functional annotation of associated variants
revealed possible impact for transcriptional regulation of
PIP4K2A. In addition, the allele A of rs2248440 (HTR2C) may
be a prognostic biomarker of disease severity among patients
with depression. This allele decreases expression in the putamen
of the immune system gene /L/3RA2 that codes for a subunit of
the interleukin 13 receptor. This variant is in linkage
disequilibrium with rs6318 (previously associated with mood
disorders and response to antidepressant therapy) that is an eQTL
for the same gene and tissue.
Genetic interactions suggested by this study
1) NRGI-PIP4K2A: These genes could act in concert via
their connections with GSK3B (Fig. 1) [1,4, 10, 11, 13]. ERBB4
and its ligand NRGI play an important role in
neurodevelopment, neurotransmission, and synaptic plasticity
and this receptor is present on GABAergic, glutamatergic and
dopaminergic neurons [4]. One of its functions is to promote the
inhibitory GABA release. Thus, together with KCNQ activated
by PIP2 [13], ERBB4 regulates neuronal excitability, an aspect
that could be important in the pathogenesis of bipolar disorder
[17].
2) HTR2C-IL13RA2: Serotonin acts upon the brain and
peripheral immune system components, while both types of
these components regulate the serotonin neurotransmission [18,
19]. This connection could be the key to the observed immune
system abnormalities strongly associated with depression [20]
and suggests a possibility of an interaction between HTR2C and
ILI3RA2. The immune system could therefore be a biological
factor that modulates the severity of depression [20].

Cytosol

Fig. 1. Shown are molecular interactions involving protein products of PIP4K2A4
and NRG! found to be associated with time to recurrence of an episode in bipolar
disorder and antidepressant treatment response
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