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Objective. Thyroid hormones play an important role in the development and maturation of the 
central nervous symptom and their failure in the prenatal period leading to an irreversible brain dam-
age. Their effect on the brain of adult, however, has not been fully studied. With the discovery of neu-
rogenesis in the adult brain, many recent studies have been focused on the understanding the basic 
mechanisms controlling this process. Many neurogenesis regulatory genes are not only transcribed 
but also translated into the blood cells. The goal of our study was to analyze the transcriptional activ-
ity of neurogenesis regulatory genes in peripheral blood cells in patients with thyroid pathology.

Methods. The pathway-specific PCR array (Neurotrophins and Receptors RT2 Profiler PCR Ar-
ray, QIAGEN, Germany) was used to identify and validate the neurogenesis regulatory genes expres-
sion in patients with thyroid pathology and control group.

Results. The results showed that GFRA3, NGFR, NRG1, NTF3, NTRK1, and NTRK2 signifi-
cantly decreased their expression in patients with autoimmune thyroiditis with rising serum of 
autoantibodies. The patients with primary hypothyroidism, as a result of autoimmune thyroiditis 
and postoperative hypothyroidism, had significantly lower expression of FGF2, NGFR, NRG1, and 
NTF3. The mRNA level of CNTFR was markedly decreased in the group of patients with postop-
erative hypothyroidism. No change in the ARTN, PSPN, TFG, MT3, and NELL1 expression was 
observed in any group of patients.

Conclusion. The finding indicates that a decrease in thyroid hormones and a high level of au-
toantibodies, such as anti-thyroglobulin antibody and anti-thyroid peroxidase antibody, affect the 
expression of mRNA neurogenesis-regulated genes in patients with thyroid pathology.
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Thyroid hormones have a significant effect on 
the brain and neuropsychiatric dysfunction and are 
often found in hypothyroidism (Feldman et al. 2013; 
Samuels 2014). Cognitive and affective impairments 
are often present in the hypothyroidism (Samuels 
2014). On the other hand, autoimmune thyroiditis 
(AIT) is associated with depression and anxiety disor-

ders (Siegmann et al. 2018). In patients with hypothy-
roidism decrease in the volume of the hippocampus 
has been observed and confirmed by imaging studies 
(Cooke et al. 2014).

Thyroid hormone plays a vital role during the 
shaping and development of the nervous system in 
mammals (Rovet 2014). A few prospective studies 
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have underscored the significant role of the thyroid 
hormone within the adult brain (Schroeder and 
Privalsky 2014). The effect of thyroid hormone on 
the adult mammalian brain is a subject of regula-
tion at different levels. These are related to changes 
in the local availability of thyroid hormone through 
the regulation of the transport and the enzymatic 
activity of different types of deiodinases, differen-
tial expression of TR isoforms, interaction of TRs 
with corepressor or coactivator complexes, balance 
of ligand-dependent and independent changes in 
gene expression, in addition to the nongenomic 
actions of thyroid hormone. Nevertheless, the regu-
latory mechanisms of the effect of the endocrine 
pathology of the thyroid gland on the functioning of 
the nervous system have insufficiently been studied.

We have earlier demonstrated that AIT and 
hypothyroidism can affect the expression of mRNA 
nerve impulse transmission genes in a gene-specific 
manner. These changes in gene expressions can also 
play an important role in the development of neuro-
logical complications related to thyroid pathology 
(Bilous et al. 2020a, b). Nevertheless, neurogen-
esis is a remarkable form of brain structural plas-
ticity, by which new functional neurons are gener-
ated from adult neural stem cells being important 
for learning and mood and memory regulation, 
whereas it is affected in disease conditions associ-
ated with cognitive impairment, depression, and 
anxiety (Costa et al. 2015). With the discovery of 
neurogenesis in the adult brain, many recent studies 
have been focused on the understanding of the basic 
mechanisms controlling this process. Neurogenesis 
is tightly regulated by several endogenous signaling 
molecules including hormones and growth factors 
(Costa et al. 2015). Several neurotrophic factors 
(NTs) have been implicated in the control of adult 
neurogenesis. They serve to critical roles in the 
survival and differentiation of neurons during 
development (Bath and Lee 2010). NT mRNAs are 
translated into larger precursors named pro-NTs, 
which are then processed into mature NTs by enzy-
matic cleavage (Teng and Hempstead 2004; Saragovi 
et al. 2019). Many neurogenesis regulatory genes are 
not only transcribed but also translated into blood 
cells (https://www.proteinatlas.org). Transcrip-
tional induction or gene repression is an impor-
tant indicator of the severity of tissue pathological 
changes (Koval et al. 2018; Degen et al. 2020; Zhere-
biatiev and Kamyshnyi 2018). Our study is aimed to 
analyze the transcriptional activity of neurogenesis 
regulatory genes in peripheral blood cells in patients 
with the thyroid gland diseases, which can be a truly 

noninvasive biomarker of adult neurogenesis. Iden-
tification of hippocampal neurogenesis-specific 
biomarkers in blood can be used as a prognostic 
marker for the risk of developing neurological and 
psychological complications comorbid with thyroid 
pathology.

We used PCR arrays for evaluation of gene 
expression data to understand the effect of thyroid 
hormones and serum autoantibodies, such as an anti-
thyroglobulin antibody (anti-Tg) and anti-thyroid 
peroxidase antibody (anti-TPO), on the expression 
of mRNA neurogenesis-regulated genes in patients 
with primary hypothyroidism, as a result of AIT and 
postoperative hypothyroidism, and patients with 
AIT rising serum autoantibodies, such as anti-Tg and 
anti-TPO.

Subjects and methods

Subjects. 153 patients with thyroid pathology were 
enrolled in the study. They were divided into 3 groups: 
group 1 included 16 patients with postoperative hypo-
thyroidism; group 2 included 65 patients with hypo-
thyroidism resulting from AIT, and group 3 included 
72 patients with AIT and elevated serum anti-Tg and 
anti-TPO antibodies. The control group included 25 
healthy individuals, which were recruited randomly 
without matching for age or sex. The clinical charac-
teristics of the subjects are shown in Table 1.

The ethical principles contained in the Declaration 
of Human Rights adopted in Helsinki, in 1975, and 
revised in 2008, were fully respected in our study. 
The subjects enrolled, voluntarily participated in this 
study and completed and signed written informed 
consent. The protocol of the study was approved by 
the local ethics committees of HSEEU “Bukovinian 
State Medical University” and Chernivtsi Regional 
Endocrinology Center.

Patients under the age of 18 or those suffering from 
malignancy, inflammation associated rheumatic 
diseases or acute/chronic infection, diabetes mellitus, 
cardiovascular or cerebrovascular diseases, chronic 
hepatic or renal diseases, as well as pregnant women, 
and those using any drugs that could interfere with 
thyroid function, were excluded from the study.

Clinical characteristics. Hypothyroidism was 
diagnosed following the recommendations of the 
American Association of Clinical Endocrinologists 
2012. The diagnosis of AIT was based on the detected 
circulating antibodies to thyroid antigens (anti-TPO 
and anti-Tg) and reduced echogenicity on thyroid 
sonogram in a patient with relevant clinical features 
(Garber et al. 2012).
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Blood specimens were collected between 8:00 and 
10:00 a.m. after an overnight fasting. Free thyroxine 
(fT4) (normal range 6.0–13.0 pmol/L for males and 
7.0–13.5 pmol/L for females), thyroid-stimulating 
hormone (TSH) (normal range 0.3–4.0 mIU/mL), 
anti-TPO (normal range 0–30 IU/mL) and anti-Tg 
(normal range 0–65 IU/mL) antibodies levels were 
determined in every individual using STAT FAX303/
Plus analyzer (Awareness Technology Inc, USA).

Experimental procedures. We used a pathway-
specific PCR array (Neurotrophins and Receptors 
RT2 Profiler PCR Array, QIAGEN, Germany) to iden-
tify and verify neurogenesis pathway-focused genes 
expression in randomly selected 12 individuals from 
each group using real-time PCR due to the procedure 

described below. A list of neurogenesis pathway-
focused genes selected for this research is given in 
Table 2.

RNA isolation. Total RNA was isolated from 
white blood cells using NucleoZOL (Macherey-Nagel, 
Germany) according to the manufacturer’s instruc-
tions. NucleoZOL is designed for the isolation of total 
RNA (small and large RNA) in single or separate 
fractions from a variety of sample materials, such as 
cells, tissue, and liquids of human or animal origin. 
White blood cells were lysed and homogenized in 
NucleoZOL reagent based on guanidinium thiocya-
nate and phenol. 

cDNA synthesis. The RNA quality was determined 
and reverse transcribed. The concentration and 

Table 1
Clinical characteristics of the subjects.

Control group
(n=25)

Patients with postoperative 
hypothyroidism (Group 1)

(n=16)

Patients with 
hypothyroidism as a result 

of AIT (Group 2)
(n=65)

Patients with AIT with rising 
serum anti-Tg and anti-TPO 

autoantibodies (Group 3)
(n=72)

The age (years) 46.08±14.58 47.30±12.27 46.72±15.49 45.02±13.65
fT4 (pmol/L) 8.91±0.97 3.44±0.31 4.13±0.52 8.51±0.82
TSH (mIU/mL) 2.67±0.52 8.61±0.84 7.09±0.50 2.38±0.62
anti-TPO (IU/mL) 34.04±3.70 36.13±2.78 380.62±73.42 330.36±50.23
anti-Tg (IU/mL) 15.32±1.97 15.50±1.90 32.97±4.27 36.38±7.70
Current dose of 
L-thyroxine (μg/day) None 110.95±5.25 88.46±1.55 None

Data are expressed as mean ± standard deviation. Abbreviations: AIT – autoimmune thyroiditis; anti-Tg – anti-thyroglobulin 
antibody; anti-TPO – anti-thyroid peroxidase antibody; fT4 – free thyroxine; TSH – thyroid-stimulating hormone.

Table 2
Neurogenesis pathway-focused genes.

Unigene Refseq Symbol Description
Hs.632404 NM_001136215 ARTN Artemin
Hs.129966 NM_001842 CNTFR Ciliary neurotrophic factor receptor
Hs.284244 NM_002006 FGF2 Fibroblast growth factor 2 (basic)
Hs.58042 NM_001496 GFRA3 GDNF family receptor alpha 3
Hs.73133 NM_005954 MT3 Metallothionein 3
Hs.657172 NM_006157 NELL1 NEL-like 1 (chicken)
Hs.415768 NM_002507 NGFR Nerve growth factor receptor
Hs.453951 NM_013957 NRG1 Neuregulin 1
Hs.99171 NM_002527 NTF3 Neurotrophin 3
Hs.406293 NM_002529 NTRK1 Neurotrophic tyrosine kinase, receptor, type 1
Hs.494312 NM_006180 NTRK2 Neurotrophic tyrosine kinase, receptor, type 2
Hs.248159 NM_004158 PSPN Persephin

Hs.518123 NM_006070 TFG TRK-fused gene
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quality of the isolated total RNA were determined on 
a NanoDrop spectrophotometer (Thermo Scientific™, 
USA). For the reverse transcription procedure with 
a cDNA conversion RT² First Strand Kit (QIAGEN, 
Germany, Cat. no. 330401), RNA samples with the 
following parameters were selected: ratio А260/А280 
within the range of 1.8–2.2.

The RT2 HT First Strand Kit procedure comprises 
2 steps: elimination of genomic DNA contamination, 
and reverse transcription, which enable fast and easy 

handling of 96 RNA samples simultaneously. After 
genomic DNA elimination, the RNA sample under-
goes reverse transcription with an RT master mix, 
as well as random hexamers and oligo-dT prime 
reverse transcription to capture more difficult-to-
detect genes.

PCR array. The cDNA was then used with RTІ 
Profiler PCR Array (QIAGEN, Cat. no. PAHS-
031Z) in combination with RTІ SYBR® Green qPCR 
Mastermix (QIAGEN, Cat. no. 330504), following 
the complete RT2 Profiler PCR Array procedure 
(www.qiagen.com). Samples were assigned to control 
and study groups. Each array contained 5 separate 
housekeeping genes – ACTB (Actin, beta), B2M 
(Beta-2-microglobulin), GAPDH (Glyceraldehyde-3-
phosphate dehydrogenase), HPRT1 (Hypoxanthine 
phosphoribosyltransferase 1), RPLP0 (Ribosomal 
protein, large, P0) that were used for normalization 
of the sample data. CT values were normalized based 
on an automatic selection from the full panel of refer-
ence genes. Any Ct value >35 was considered to be a 
negative call. The RT2 Profiler PCR Array data anal-
ysis software calculates the fold change based on the 
widely used and agreed upon the ΔΔCt method. The 
data analysis web portal calculates fold change/regu-
lation using the delta-delta CT method, in which delta 
CT is calculated between the gene of interest (GOI) 
and an average of reference genes (HKG), followed by 
delta-delta CT calculations (delta CT (Test Group)-
delta CT (Control Group)). Fold Change is then calcu-
lated using a 2^ (–delta-delta CT) formula. This data 
analysis report was exported from the QIAGEN web 
portal at GeneGlobe. The software allows defining 
the best reference genes for normalization.

Statistical analysis of PCR array data. The RT2 
Profiler PCR Array Data Analysis software does not 
perform any statistical analysis beyond the calcu-
lation of p-values using a Student’s t-test (two-tail 
distribution and equal variances between the two 
samples) based on the triplicate 2^(–ΔCT) values for 
each gene in the experimental group compared to 
the control group. The Microarray Quality Control 
(MAQC) published results indicate that a ranked list 
of genes based on fold-change and associated p-value 
calculation was sufficient to demonstrate reproduc-
ible results across multiple microarrays and PCR 
Arrays, including the RT2 Profiler PCR Arrays.

Results

Using the Pathway-Focused PCR Array Profiling 
(Neurotrophins and Receptors RT2 Profiler PCR 
Array) we examined the Neurogenesis pathway-

Figure 1. Differential expression of mRNA neurogenesis path-
way-focused gene (Group 1 compared to the control group) 
(A). Venn diagram shows up- and down-regulated genes (B).

A

B
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focused genes expression of patients with primary 
hypothyroidism as a result of AIT and postopera-
tive hypothyroidism and patients with AIT with 
rising serum autoantibodies, such as anti-Tg and 
anti-TPO.

The results from RT2 Profiler Neurogenesis 
pathway-focused genes expression analysis indicated 
that in Group 1, which include patients with post-
operative hypothyroidism the expression of NTRK1 
and NTRK2, were increased by 8.5 and 3.06 times 
correspondingly, whereas the expression of CNTFR 
(5.3-fold), FGF2 (20.1-fold), was decreased (Figure 1). 
Reductions in GFRA3 (5.3-fold), NGFR (7.1-fold), 
NRG1 (4.4-fold), NTF3 (4.8-fold) mRNAs were also 
found in Group 1 (Figure 1).

In patients with hypothyroidism, as a result of AIT 
(Group 2), the expression of neurogenesis pathway-
focused genes changed as follows: the increase in the 
expressions of CNTFR (8.5-fold), NTRK1 (4.6-fold), 
and NTRK2 (3.4-fold) were observed. In contrast, the 
expressions of FGF2 (20.8-fold), and NGFR (5.1-fold) 
were decreased (Figure 2). As it is shown in Table 3, 
reductions in NRG1 (10.8-fold), NTF3 (6.1-fold) 
mRNAs were also found in Group 2.

We noted that in Group 3, which includes patients 
with AIT with rising serum anti-Tg and anti-TPO 
autoantibodies, the mRNA level of FGF2 (6.2-fold) 
was significantly increased (Figure 3). Reductions in 
GFRA3 (6.4-fold), NGFR (17.4-fold), NRG1 (6.9-fold), 
NTF3 (10.5-fold) mRNAs were found in Group 3. The 
expression of NTRK1 (2.7-fold), and NTRK2 (3.4-
fold) were markedly decreased in Group 3 (Figure 3).

Besides, we found that ARTN, PSPN, TFG, MT3, 
and NELL1 did not revealed any change in their 
expression in any group of patients.

Within our research of neurogenesis pathway-
focused genes expression, we built gene networks 
using GeneMANIA (http://genemania.org) that 
helped to determine how the candidate genes interact 
with other genes and generated hypotheses about 
the gene function, analyzing gene lists, and priori-
tizing genes for functional assays. As can be seen in 
Figure 4, within the gene network that controls the 
interaction and functional linkages of neurogen-
esis regulators, the closest functional linkages were 
observed between genes NTRK2, NTRK1, NGFR, 
MT3, NTF3, and FGF2. These functional relation-
ships relate to several common signaling pathways 
– neurotrophin signaling pathway, regulation of cell 
morphogenesis, behavior, regulation of the develop-
ment of the nervous system, regulation of neuro-
genesis, regulation of axonogenesis, and the central 
nervous system neuron development.

Discussion

Many factors like hormones, exercise, central 
nervous system injuries, chronic stress learning, and 
enriched environment modulate hippocampal neuro-
genesis (Cooke et al. 2014). Neurotrophic factors play 
a crucial role in the development, survival, differenti-
ation, and maintenance of neurons system and adult 
physiology (Anders et al. 2001; Enomoto et al. 2001). 
Adult neurogenesis is strongly related to high sensi-

A

B

Figure 2. Differential expression of mRNA neurogenesis path-
way-focused gene (Group 2 compared to the control group) 
(A). Venn diagram shows up- and down-regulated genes (B).
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tivity to hormones, neurotransmitters, and growth 
factors that are present in the neurogenic niche 
(Mahmoud et al. 2016). It has been found that the 
thyroid hormone exerts profound effects on neuro-
genesis (Kapoor et al. 2015). These investigations have 
studied the direct influence of thyroid hormone on 
neuronal progenitors in vitro (Kapoor et al. 2012), 
and, what is more, the consequences of disturbing 
the levels of circulating thyroid hormone in vivo 
applying pharmacological and surgical approaches 
(Montero-Pedrazuela et al. 2006). In recent studies, 

the most of the use of TR isoform-specific mutant 
mouse lines was used to examine the effects on adult 
neurogenesis (Kapoor et al. 2011; Lopez-Juarez et al. 
2012). Adult-onset hypothyroidism in rats consider-
ably reduced the postmitotic survival and neuronal 
differentiation of hippocampal progenitors having 
no effects on their proliferation (Ambrogini et al. 
2005). Such reduction in progenitor survival seemed 
to be mediated via increased apoptotic cell death. The 
declines in progenitor survival, as well as neuronal 
differentiation, were have normalized in hypothyroid 
animals by the recovery of euthyroid status through 
thyroid hormone replacement therapy (Desouza et al. 
2005). The investigation in thyroidectomized rats has 
revealed a reduction in progenitor proliferation in 
the hippocampus. (Montero-Pedrazuela et al. 2006). 
Although in vivo studies have firmly indicated the 
essential effects of thyroid hormone on adult hippo-
campal neurogenesis (Kapoor et al. 2015), thus far, 
these studies did not clearly provide a distinction 
whether the neurogenic effects of thyroid hormone 
are mediated directly on progenitors or via an effect 
on a neurogenic niche. At the same time, there is 
practically no evidence on the effect of changes at the 
level of thyroid hormones on the expression of neuro-
genesis regulators in the peripheral blood in patients.

Table 3
Differential expression of mRNA Neurogenesis pathway-

focused genes in patients with different thyroid pathology.

Symbol
Up-Down Regulation (comparing to control group)

Group 1 Group 2 Group 3
Fold Regulation Fold Regulation Fold Regulation

ARTN 1.3 (p=0.11) 1.1 (p=0.57) 1.2 (p=0.07)
CNTFR –5.3 (p=0.001) 8.5 (p=0.03) 7.7 (p=0.19)
FGF2 –20.1 (p=0.0001) –20.8 (p=0.0002) 6.2 (p=0.02)
GFRA3 –5.3 (p=0.005) 1.3 (p=0.3) –6.4 (p=0.0005)
MT3 1.05 (p=0.2) 1.05 (p=0.4) 1.08 (p=0.06)
NELL1 1.5 (p=0.2) 1.26 (p=0.09) 1.1 (p=0.56)
NGFR –7.13 (p=0.008) –5.07 (p=0.015) –17.4 (p=0.006)
NRG1 –4.43 (p=0.0007) –10.8 (p=0.0002) –6.9 (p=0.002)
NTF3 –4.8 (p=0.0005) –6.07 (p=0.0004) –10.5 (p=0.00002)
NTRK1 8.5 (p=0.006) 4.6 (p=0.001) –2.7 (p=0.015)
NTRK2 3.06 (p= 0.014) 3.4 (p= 0.005) –3.4 (p=0.002)
PSPN 1.2 (p= 0.46) 1.1 (p= 0.38) 1.03 (p= 0.59)

TFG 1.2 (p= 0.11) 1.05 (p= 0.67) 1.09 (p= 0.37)
The p-values are calculated based on a Student’s t-test of the 
replicate 2^(–Delta CT) values for each gene in the control 
group and patients groups.

A

B

Figure 3. Differential expression of mRNA neurogenesis path-
way-focused gene (Group 3 compared to the control group) 
(A). Venn diagram shows up- and down-regulated genes (B).
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Previously, we have shown changes in transcrip-
tional activity under conditions of thyroid pathology 
of such neurotrophic factors as BDNF, CBLN1, CNTF, 
GDNF, and MEF2C, which are important regulators 
not only of synaptogenesis but also of neurogenesis 
(Bilous et al. 2020a). There are also several regulators 
of neurogenesis, the level of which may depend on the 
functional activity of the thyroid gland.

ARTN is a member of the glial cell line-derived 
neurotrophic factor family ligands. ARTN plasma 
levels are reduced in patients with major depressive 
disorder (Pallanti et al. 2014). Using quantitative real/
time PCR method in peripheral blood cells, reduced 
expression levels of GDNF, ARTN, and NT-3 mRNAs 

have been found in patients with major depressive 
disorder in a current depressive state. Changes in the 
expression levels of GDNF, ARTN, and NT-3 mRNAs 
have been interpreted as state-dependent and asso-
ciated with the pathophysiology of major depression 
(Otsuki et al. 2008). We found that ARTN did not 
change significantly its expression in any group of 
patients.

However, ARTN exerts its influence on intracel-
lular signaling pathways via binding to the receptor 
complex of GDNF family receptor alpha 3 (GFRA3) 
and ret (Baloh et al. 1998). In our study, we noted that 
GFRA3 was downregulated in Groups 1 and 3 more 
than by 5 times. So, thyroid dysfunction can influ-

Figure 4. Gene interaction network and functional linkages of genes regulat-
ing neurogenesis. 
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ence the ARNT through suppression of gene expres-
sion of GFRA3, a highly selective receptor for ARTN.

In their current studies, the authors have reported 
deficits in the hippocampal-dependent spatial 
learning and memory in adult rats with TH deficiency 
(Artis et al. 2012), which are followed by impairments 
in LTP (long-term potentiation) and neurotrophic 
factors expression in the hippocampus (Husson et al. 
2004).

FGF2 plays an important role in the neurodevelop-
ment and maintenance of the central nervous system 
(Molteni et al. 2001). In SCZ, data from Hashimoto et 
al. (2003) have shown increased serum FGF2 protein 
levels in medicated SCZ patients. Patients suffering 
from the major depressive disorder have deregulated 
FGF transcript levels that are restored by serotonin 
reuptake inhibitors (Evans et al. 2004). Thyroid 
hormone dysfunction is associated with affec-
tive disorders, as well as enhanced susceptibility to 
depressive symptomatology in hypothyroid patients 
and increased anxiety reported in subjects with 
hyperthyroidism (Dayan and Panicker 2013). Some 
studies have shown that high FGF2 concentrations 
or a brief thyroid hormone treatment elicit oligo-
dendrocytes formation at the expense of neurons 
(Williams et al. 1997). In the same way, FGF2 and 
T3 show a preference for an oligodendrocyte over 
a neuronal fate in neonatal NSCs grown in spheres 
(Ben Hur et al. 1998). In our investigation, we noted 
that there was a significant decrease in the expression 
of FGF2 in Groups 1and 2 by more than 20 times. On 
the other hand, in Group 3 the expression of FGF2 
was increased. So, we can assume that in the case of 
the lower level of thyroid hormones a result of AIT 
and postoperative hypothyroidism the expression of 
FGF2, will be suppressed.

CNTF is almost exclusively expressed in the 
nervous system, is produced by astrocytes in the brain 
in the SVZ (Dallner et al. 2002) to promote neurogen-
esis (Yang et al. 2008), possibly through the upregu-
lation of FGF2 (Kang et al. 2013), which stimulates 
progenitor production (Kuhn et al. 1997). Its effect is 
realized through CNTFR. In our study, the expres-
sion of CNTFR was downregulated in the group of 
patients with postoperative hypothyroidism.

NGF plays an important role in the processes of 
neuronal survival, ischemic tolerance of the brain and 
it is involved in the mechanism, by which neurons 
can be protected from cell death (Shigeno et al. 1991). 
Several studies have also shown that the thyroid 
hormone regulates NGF expression (Lindholm et 
al. 1993). Thyroxine given to adult rats and mice 
elevates NGF levels in the cortex, hippocampus, and 

cerebellum (Giordano et al. 1992). On the contrary, 
hypothyroidism in adult rats decreases NGF mRNA 
levels in the cortex, hippocampus, and cerebellum 
(Alverez-Dolado et al. 1994).

The results of our study indicated that NGFR 
significantly decreased their expression in all groups 
of the patients. What is more, the lowest expression 
was in patients with AIT with rising serum autoan-
tibodies, such as anti-Tg and anti-TPO and normal 
levels of thyroid hormones. NRG1 gene polymor-
phism has been assessed as a risk factor for schizo-
phrenia development (He et al. 2016). Additionally, 
some studies have measured peripheral levels and 
gene expression of NRG1, which was decreased in 
schizophrenia patients (Wang et al. 2015). Correla-
tion of executive functions deficits with downregula-
tion of NRG1 types has shown the important role of 
NRG1 in the orchestration of a number of executive 
functions including response inhibition, vigilance, 
and working memory in ASD patients (Abbasy et al. 
2018). Our research demonstrated that the expression 
of NRG1 was significantly decreased in each group of 
patients compared with the control group.

NTF3, a member of the NT family, has emerged 
as a key mediator of neuronal development which 
promotes the survival/differentiation cascade during 
neuronal differentiation (Lin et al. 2018). The expres-
sion of NTF3 is regulated by thyroid hormones 
(Lindholm et al. 1993). T3 induces NTF3 mRNA 
expression and neuronal development in the neonatal 
cerebellum (Lindholm et al. 1993). Thyroxine, which 
is administered to adult rats and mice, elevates NTF3 
levels in the cortex, hippocampus, and cerebellum 
(Giordano et al. 1992). NT-3 mRNA levels in the cere-
bellum are reduced by hypothyroidism in neonates 
(Lindholm et al. 1993).

We noted that NTF3 was downregulated in all 
groups of patients. Moreover, the lowest expression 
was in Group 3. So, NTF3 demonstrated at least a 
10-fold difference in gene expression compared with 
the controls. 

The mRNA expression of neurotrophins (BDNF, 
NT3, and NT4) and their receptors (TrkA [NTRK1], 
TrkB [NTRK2] and p75NTR) in the whole blood 
were determined by quantitative real-time poly-
merase chain reaction (qRT-PCR) in patients with 
ASD (Segura et al. 2015). TrkB signalings triggered by 
NTs play a central role in cell proliferation, survival, 
and differentiation, as well as synaptic plasticity, and 
neurotransmitter release (Barbacid 1995; Skaper 
2008). Another study has suggested the involvement 
of an NTRK2 tag SNP in emotional processing and-
independently-in brain white-matter integrity in 
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healthy young subjects (Spalek et al. 2016). In our 
study, we found, that in Groups 1 and 2 NTRK1 and 
NTRK2 were upregulated. Patients with AIT with 
rising serum autoantibodies had significantly lower 
expression of NTRK1 and NTRK2. We can presume 
that a high level of autoantibodies such as anti-Tg and 
anti-TPO, can suppress the expression of NTRK1 and 
NTRK2 and there is a primary brain-specific mecha-
nism independent from thyroid hormone level. More-
over, there is little evidence about the specific cellular 
mechanism that can be altered by the dysfunction 
resulted from the decrease in thyroid hormone levels. 
For that reason, it is necessary to develop efficient 
means against the consequences of hypothyroidism 
prevent to some brain pathologies in adulthood.

Conclusions

In summary, the results from neurogenesis 
pathway-focused gene expression analysis showed 
that GFRA3, NGFR, NRG1, NTF3, NTRK1, and 
NTRK2 significantly decreased their expression 
in Group 3, which include patients with AIT rising 

serum autoantibodies, such as anti-Tg and anti-
TPO. The patients with primary hypothyroidism, as 
a result of AIT and postoperative hypothyroidism, 
had significantly lower expression of CBLN1, FGF2, 
NGFR, NRG1, and NTF3. The expression of CNTFR 
was decreased only in the group of patients with post-
operative hypothyroidism. ARTN, PSPN, TFG, MT3, 
and NELL1 did not change their expression in all 
groups of patients.

It is important to estimate how much hypothy-
roidism effects the neurogenesis. Thyroid hormones 
interact with a broad range of neurotransmitter 
systems and are thought to be involved in the regu-
lation of different neurological processes including 
post-receptor and signal-transducing processes, 
as well as the gene regulatory mechanisms. Since, 
it remains unclear that what is the role of serum 
autoantibodies, such as anti-Tg and anti-TPO, in 
patients with AIT in the regulation of adult neuro-
genesis and mechanisms of brain injury responsible 
for the psychological and neurological impairments 
in the context of euthyroid AIT, further studies are 
required.
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