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‘What is already known on this topic?

Neudesin is a newly discovered protein; mainly secreted from adipose tissue and brain, which plays a role as a neurotrophi

brain and as a negative regulator of energy expenditure. Neurodevelopmental delay and cognitive dysfunction are common|f€a S
with congenital hypothyroidism (CH) without treatment.

‘What this study adds?
This is the first study about the relationship of neudesin with congenital hypothyroidism.

Abstract
Objectives: Neudesin is a newly discovered protein mainly secreted from adipose tissue and the brain. If

females and 13 males, aged 22+ 8 days) were included in the study. All patients were ¢
levels. The basal neudesin levels between the patient and control groups and the patient
treatment were compared.

Results: Regarding basal neudesin levels, there was no statistically significan
between the CH and control groups respectively. However, neudesin levels
12.85+18.74 ng/mL) in the CH group; this difference was statisti signi
Conclusion: Although there was no difference in basal neudesin I
with treatment. However, more extensive and different studies are he pathophysiological role of this relationship in the
disease or the recovery process.
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vs 7.93£7.04 ng/mL) (p=0.552)
month of therapy (6.46+6.63 vs
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Introductio
Congenital idi 1s defined as thyroid hormone deficiency at birth and occurs as a result of inadequate development or
function of the thyroid gland (primary CH) or inadequate pituitary stimulation of the normal thyroid gland (central CH) [1]. CH has an

neudesin exhibits a heme/steroid binding domain that resembles that of cytochrome b3, and it is categorized as a membrane-
iated progesterone receptor [10]. NENF is highly expressed in neurons at embryonic stages, particularly in the brain and spinal cord [9].
esin expression has been observed during embryonic brain cortical formation in the pre-plate region, in which post-mitotic neurons
ist, but not in the regions of precursors that proliferate and migrate [11]. Neudesin improves the survival of mature neurons and the
proliferation and differentiation of neural precursors into a neuronal lineage [11]. Moreover, it has also been shown that neudesin is a
negative regulator of energy expenditure [12].

As neudesin and thyroid hormones have similar targets (brain development, energy expenditure), the primary focus was examining the
association between hypothyroidism and serum neudesin levels in mature newborns referred to the hospital with thyroid dysfunction or
clinical suspicion and diagnosed with CH.

Material and methods

Patients



Newborns who were found to have elevated thyroid stimulating hormone (TSH) in the screening program for CH and who presented to our
pediatric endocrinology outpatient clinic were included in the study. Venous blood samples of 52 newborns were obtained at the first visit to
confirm the CH diagnosis. In addition, blood samples were also centrifuged at 2500 rpm for 10 minutes (Niive NF 1200 trademark was used
for cooled centrifuge), and obtained serum samples were stored at -80 C° for the study of neudesin levels. The 32 newborns (14 female, 18
male) whose serum thyroid function tests were consistent with congenital hypothyroidism (TSH>20 IU/mL with low fT4 levels) were
included in the patient group. In comparison, 20 newborns (7 female and 13 male) with regular thyroid function tests (TSH<6 IU/mL and fT4
levels in the normal range) were included in the control group [1]. Children with anatomical anomalies, small for gestational age, and
premature children were excluded.

All patients' length standard deviation score (SDS), weight SDS, body mass index (BMI) SDS, head circumference SDS, gestational age,
chronological age, gender, and mother's thyroid illness history were recorded in patient records. We also assessed the levels of anti-thyroid
peroxidase antibody (anti-TPO), anti-thyroglobulin (anti-TG), thyroglobulin, and urinary iodine in the patient group.

Following the initial examination, L-T4 treatment (10-15 mcg/kg/day) was started for CH patients immediately. Initial L-T4 dosage was
adjusted on the fifteenth day of treatment by clinical and biochemical status to preserve blood fT4 and TSH levels within the normal ra

The etiology of CH was also investigated by thyroid ultrasonography. After the first month of the visit following L-T4 administration,

and TSH levels were analyzed. Additionally, the second serum samples were collected and stored to assess the effect of L-T4 therapy o
serum neudesin levels in 26/32 CH patients. At the end of the first month of treatment, 6 of 32 patients with CH did not visit th
Therefore, their control blood could not be obtained.

Informed consent was obtained from the families of the participants, and the study protocol was approved by the Ethics Co
Bezmialem Vakif University (by number 07.12.2021-E.42452) and supported by the scientific research project depart

Vakif University.

Hormone Assays

Serum levels of TSH, fT3, T4, anti-TG, TG, and anti-TPO were determined at the Bezmialem University Hospital, ul, Turkey, by
chemiluminescent enzyme immunometric assays [CLIA] using commercial kits (procured from Siemens lutions
Diagnostics, USA). The reference intervals for our study were 13.02 to 25.86 pmol/L (1.02-2.01 ng/dL) for'tT4, 4 L for fT3, and
0.420 to 7.55 ulU/ml for TSH (13). Spot urinary iodine was detected by inductively coupled plasma ma ICP-MS; Agilent

Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences, SPS .23.0. i d interquartile ranges were
used for the metric variables. The baseline data of the control and patient groups were evalaa
the pre- and post-treatment data in the patient group were analyzed using the Wilcoxon
analysis method was used to evaluate the relationship between BMI SDS and neudesin
Results

The average age of the patients was 19+7 days, and the control group was 2248
and comparison of the patient and control groups are shown in Table 1.
Patients with CH who were treated with L-T4 and the control gro
concerning anthropometric measurements (height SDS, weight S
The statistical comparison of fT4, fT3, TSH, TG, urinary iodine le
summarized in Table 1. All patients in the control group had TS
280.994+297.37 mU/L and 2.47+0.74 mU/L respectively (p<
and 14.99+2.03 pmol/L respectively (p<0.001).
Regarding basal neudesin levels, there was no statistically s
and control groups respectively (Table 1). However,

e two groups did not differ significantly

DS) (Table 1).

s of the CH and control groups at admission are

. The TSH levels in patient and control groups were
els in patient and control groups were 6.31+2.64 pmol/L

ence (6.77+6.41 vs 7.93+£7.04 ng/mL) (p=0.552) between the CH
sed following one month of treatment (6.46+6.63 vs. 12.85+18.74

ng/mL) in the CH group; this difference was statigtica i .019) (Table 2). After 30 days of L-T4 treatment in the CH group, as
expected, there was an increase in fT4, whereas age’in ISH. The effect of L-T4 treatment on thyroid hormones and serum neudesin
levels is shown in Table 2.

No correlation was found between serum els and BMI SDS in bivariate correlation analys1s (r:0.245, p:0.172)

Thyroid ultrasonography was perform 0 patients had goiter, three had agenesis, and one had hemi-agenesis. The
thyroid ultrasound of the remainin i 6/32) was normal. In addition, iodine deficiency was found in 4 patients, iodine excess in 5

patients, and anti-thyroid peroxi
Discussions

neurons. Moreover, ne ) icant neurotrophic activity in primary cultured neurons but not mitogenic activity in primary
cultured astrocytes, indi€ati 5 a neurotrophic factor [9,12]. Neudesin is also expressed in neural precursor cells before the
appearance of 0 ice, i ating its potential role in neural development [11]. Neuronal differentiation may be promoted by

omoted by neudesin in the developmental process. [11]. Thyroid hormones are also necessary for growth and
eover, although no molecular studies show the relationship between thyroid hormones and neudesin, a few

duces a developmental delay in primary hippocampal neurons, likely caused by decreased brain-derived neurotrophic
ene expression (14). Furthermore, in vivo experiments have shown that thyroid hormone administration increases BDNF
rain tissue of young adult rats (15). In another study, Lesley et al. showed that BDNF expression decreased in adult rats
othyroidism, but this change was not detected in the neonatal period in the same study (16). As both thyroid hormones and neudesin

ivating the parasympathetic system leads to energy expenditure in white adipose tissue and increased heat in brown adipose tissue. A

udy in neudesin knock-out mice has shown that the parasympathetic nervous system is over-activated in these animals. Based on this
finding, it has been suggested that neudesin has a negative regulatory role in energy balance [17]. Neudesin's role in different metabolic
disorders such as obesity, polycystic ovary syndrome, and type 2 diabetes mellitus has been discussed [18-21]. Celikkol et al. have reported a
negative correlation between neudesin levels and body mass index z-score [21]. Kratochvilova H et al. have also reported that neudesin
levels change with chronic weight reduction or during prolonged fasting [18]. Moreover, Polkowska A. et al. have reported that neudesin
levels were higher in diabetic patients compared to the control group. This finding has demonstrated that neudesin has a role in energy
homeostasis. In light of these data, neudesin levels are expected to decrease with increasing BMI. However, in our study, although there was
a small increase in BMI SDS levels, neudesin levels also increased, and no correlation was detected between BMI SDS and neudesin.
Therefore, there is insufficient evidence to explain the increase in serum neudesin levels with changes in BMI in our cohort. Previously, it



has been shown that TRH/TSH is regulated by thyroid hormone feedback, and there is also central modulation by nutritional signals, such as
leptin, and peptides regulating appetite [22]. The rapid recovery of the slow metabolism with the normalization of thyroid hormones can
result in rapid energy consumption. One mechanism of adaptation to this rapid change in metabolism may be the increase in neudesin levels.
Experimental studies are needed to evaluate the pathophysiological mechanisms between neudesin and thyroid hormones regarding energy
homeostasis.

Although there are a few studies about neudesin levels in metabolic disorders, to our knowledge, there was not any clinical study about
neudesin in patients with congenital hypothyroidism or other neurodevelopmental diseases. Therefore, the levels of neudesin in children with
or without neurologic involvement in hypothyroidism are not yet known. The participants in our study were those with no neurological
complaints, regular neurological examinations, and early hypothyroidism diagnoses as a result of the screening program. Our patient group
was detected and treated earlier. Investigating the relationship between neurologic involvement and neudesin levels should be the subject of
another study.

The most important limitation of our study was that, due to ethical reasons, second blood samples could not be taken from the group in whi
hypothyroidism was not detected. Therefore, we could not observe the change in the neudesin levels in the healthy control group. The s
limitation was the low number of patients.

In conclusion, although there was no difference in basal neudesin levels between the patient and control groups, an increase in neudesi

levels was observed with levothyroxine sodium treatment in children with CH. However, more extensive clinical or experimenta
needed to investigate the pathophysiological role of this relationship in the disease or the recovery process.
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Table 1. Baseline data of 52 newborns (Patients group vs Control group)

Variables Patients Control group P value
(n=32) (n=20)
Gender M/F 18/14 13/7 0.371
Age (day) 19 +£7 (7-30) 2248 (14-30) 0.136
Length SDS -0.34+0.72 -0.51+0.75 0.26
Weight SDS -0.041+0.77 -0.35£1.1 0.24
Body mass index (kg/m?) 14.18+1.56 14.42+1.90 0,418
Head circumference SDS 0.043+0.80 -0.27+0.77
Mother’s thyroid disorder 7/32 (21%) 1/20 (%0.5)
history
fT3 (pmol/L) 3.1442.01 6.06+0.86
fT4 (pmol/L) 6.31+2.64 14.99+2.03
TSH (mU/L) 280.99+297.37 2.47+0.74
Thyroglobulin (ng/mL) 1482,68+1351.97 67.74+39.90
Urinary iodine (mcg/L) 400.83+334.23 173.11+£96.73
Neudesin level*(ng/mL) 6.77+£6.41 7.93£7.04
Thyroid USG Agenesis: 3
Hemi-agenesis: 1
Goiter: 2
Normal: 26

M: male; F: female; fT3: free trilodothyronine; fT4: free thyroxine; TSH: thyroi » Tg: thyroglobulin; USG:

ultrasonography; SD: standard deviation. *Baseline neudesin levels

Table 2: Effect of levothyroxine sodium treatment on anthra ic m@asures. thyroid hormone, and neudesin levels
Patients after treatment p

Length SDS -0.15+0.66 0.41
Weight SDS -0.01£0.51 0.76
BMI 15.76£1.32 <0,001
BMISDS 0.41+0.62 <0,001
Head circumference SDS -0.18+0.75 0.15
fT4 (pmol/L) 20.92+3.97 <0.001
TSH (mU/L) 4.89+16.07 <0.001
Neudesin level* (ng/m 12.85+18.74 0.019

fT4: free thyroxine; TS
children.

nulating hormone; SD: standard deviation. *The second blood sample obtained only in 26 of 32





