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Abstract
The aim of this study was to evaluate the prevalence of the Iodothyronine Deiodinase 2 gene Thr92Ala polymor-
phism in children from West of Romania with congenital hypothyroidism (CH) and association with TSH levels in 
response to levothyroxine monotherapy.
Genotyping in 50 children with CH and 52 healthy controls was done using real time PCR. 
The results showed that there was no statistical difference between the frequencies of genotypes in patients vs. 
controls. Patients were treated with L-thyroxine and most had normal values for fT3 and fT4. However, high TSH 
values were found in 21 patients (42%) after treatment. Among patients with high TSH values, AA genotypes 
were significantly more prevalent (p = 0.044) than TT and AT genotypes. Our results suggest that for the D2 gene  
Ala92Thr polymorphism, the AA genotype may be detrimental for achieving euthyroidism in patients with CH and 
levothyroxine monotherapy, therefore polytherapy could be considered as a better approach in these patients.
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Introduction

Congenital hypothyroidism (CH) is the most 
common genetic endocrine disorder and a fre-
quent cause of preventable mental retardation 

(1,2). It has an average incidence of 1:3000 to 
1:4000 newborns, which varies by geographic 
location. The majority of cases (80-85%) are 
caused by thyroid dysgenesis (abnormalities of 
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thyroid gland development and migration) but 
a significant number of cases, 10–15%, appear 
due to inherited defects in thyroid hormone syn-
thesis pathways (thyroid dyshormonogenesis) 
(2,3). Other causes of CH are defects of TSH 
production or peripheral defects in thyroid hor-
mone metabolism caused by mutations in genes 
encoding thyroid hormone plasma membrane 
transporters like monocarboxylate transporter 8 
(MCT8), thyroid hormone receptor β - TR β and 
deiodinases (4,5,6).
Deiodinases are selenoenzymes that catalyze the 
conversion of thyroxin (T4) into triiodothyron-
ine (T3) (7). There are 3 types of deiodinases 
with different localisation and expression. Type 
1 deiodinase (D1) is synthesized and expressed 
in cells from the thyroid gland, liver, kidney, and 
pituitary gland, being responsible for the blood 
levels of triiodothyronine (the circulating form 
of T3) (8,9). Type 2 deiodinase (D2) is an en-
zyme which catalyzes the intracellular conver-
sion of T4 to its active form T3 in many types 
of tissues such as the pituitary gland, central 
nervous system, cardiac and skeletal muscle, 
brown adipose tissue, and placenta; in liver and 
kidney there are lower levels of expression for 
D2 (10,11). Therefore, D2 has a main role in lo-
cal T3 conversion from T4 having also a regulat-
ing effect for specific metabolic activity of tis-
sues (12,13,14). Type 3 deiodinase (D3) which 
is expressed in the central nervous system and 
placenta, can be considered an inactivating en-
zyme because it converts T4 and T3 to products 
without a known biological activity like reverse 
triiodothyronine (rT3) and 3,3′-diiodothyronine 
(T2).
Some recent studies showed that the polymorph-
ism of human D2 gene may modify the synthesis 
of thyroid hormones; a single nucleotide poly-
morphism (A/G) will result in threonine (Thr) 
to alanine (Ala) replacement in codon 92 (D2 
Thr92Ala). The homozygous subjects with Ala/
Ala genotype seem to have a lower activity of 

D2 in tissues compared to heterozygous subjects 
with Ala/Thr genotype and homozygous sub-
jects with Thr/Thr genotype. Therefore, the T3 
effects for homozygous subjects with Ala/Ala 
genotype in tissues where a D2 gene expression 
is present will be reduced, the enzyme having a 
lower activity (15).
In addition, some studies showed that the D2 
Thr92Ala polymorphism can be associated 
with many other disorders, such as Graves’ 
disease, osteoarthritis, hypertension, and disor-
ders related to the central nervous system like 
bipolar disorder, depression, and cognitive im-
pairment. Also, many studies have shown that 
the Thr92Ala polymorphism may be related to 
metabolic disorders like type 2 diabetes mellitus 
(T2DM) and insulin resistance, having an effect 
on the body mass index (BMI) (16,17).
The fundamental role of thyroid hormones on 
brain functions was recognized by the connec-
tion between the impairment of cognitive func-
tions and untreated patients with CH.
In hypothyroidism almost 12% of all patients 
treated with levothyroxine will achieve nor-
mal serum levels of TSH (euthyroidism) but 
continue to have residual symptoms of hypo-
thyroidism, such as psychological and metabolic 
effects (18,19). This finding represents a major 
public-health concern considering the relatively 
high prevalence of hypothyroidism and the fact 
that levothyroxine monotherapy is unsuccessful 
in restoring all the parameters to normal ranges. 
(20). 
Even if the aetiology of this phenomenon is not 
fully understood there are several theories which 
were investigated. One of these hypotheses con-
sider that the serum levels of T3 might not be 
fully returned to normal values among such pa-
tients due to an insufficient T4 to T3 conversion 
at tissue level by deiodinases which could ex-
plain why a minority stay symptomatic despite 
the treatment with levothyroxine (21). There are 
some adult patients who display an improved 
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well-being when co-administered levothyrox-
ine and liothyronine; nevertheless the majority 
of clinical trials have failed to demonstrate that 
such a combination therapy has an objective 
benefit. Therefore, in CH with resistance to stan-
dard treatment with levothyroxine the D2 gene 
polymorphism could have an important role 
(22). In children, where the central nervous sys-
tem and cognitive functions need normal serum 
and cellular levels of both thyroid hormones in 
order to develop properly, it’s especially import-
ant to identify any cause which could induce a 
deficit of T3 in the case of a standard treatment 
for CH.
The aim of this study was to evaluate the preva-
lence of D2 Thr92Ala polymorphism in children 
from Western Romania with congenital hypo-
thyroidism treated with a standard levothyroxine 
therapy. 

Materials and Methods

Patients
Following written informed consent from their 
legal representatives consistent with the Hel-
sinki declaration, the patients group was com-
posed from 50 children with congenital hypo-
thyroidism with ages from 0 to 18 years (58% 
were less than one year old and 22% older than 
6 years), hospitalized in the Paediatric Clinic Nr. 
1 Timisoara. All the patients had a specific treat-
ment with L-Thyroxine (levothyroxine) which 
was administrated immediately after the diagno-
sis, following a positive result in CH neonatal 
screening.  The control group was composed of 
52 children with ages from 0 to 18 years hospit-
alized in the Paediatric Clinic Nr. 1 Timisoara 
for other types of pathology, excluding thy-
roid-related pathology. Only two children in the 
control group were less than one year old and 
had a negative result in CH neonatal screening. 
The rest of the children were at least 3 years old 
(80% were older than 6 years) with no medical 

history of CH or other types of hypothyroidism. 
This study was approved by the Ethical Com-
mittee of Paediatric Clinic Nr. 1 Timisoara, no. 
70/21.12.2016.
Blood samples were collected during a period of 
one year, from 2016 to 2017 from patients and 
controls. Venous blood (100 - 200 μL) was used 
for genotyping and plasma for biochemical tests.
In the patient group the concentrations of free 
thyroid hormones and TSH were measured by 
an electro-chemiluminescence immunoassay 
(ECLIA) on an ADVIA Centaur CP Immunoassay 
System analyzer (Siemens): TSH (normal range 
was 0.62 – 8.05 mU/L or 0.54 – 4.53 mU/L de-
pending on the reagent type), free triiodothy-
ronine (fT3, the reference range was 3.5 – 7.7 
pmol/L) and free thyroxin (fT4, the reference 
range was 6.2 – 30.1 pmol/L). In the control 
group, due to the age of subjects and their nega-
tive medical history of thyroid-related pathology 
the measurement of free thyroid hormones (fT3 
and fT4) was not performed, only TSH concen-
tration was determined as inclusion criteria and 
all subjects had normal values within the refer-
ence range.  

DNA genotyping 
Genomic  DNA  was  extracted  from  a volume 
of 200 μL venous blood with  QIAamp  DNA  
Blood  Mini  Kit  (Qiagen)  using the methodol-
ogy described by  the  manufacturer’s  instruc-
tions. After isolation, DNA concentration and 
purity was assessed by measuring the absorb-
ance of each sample at 260 nm and 280 nm with 
a NanoDrop ND-1000 spectrophotometer (Ther-
mo Fisher Scientific). To evaluate the purity 
and protein contamination of DNA samples 
the A260/A280 ratio was calculated and values 
greater than 1.8 were considered adequate.
The method used for DNA samples genotyping 
was Real Time PCR with MGB Taqman probes 
(TaqMan Pre-designed SNP Genotyping Assay, 
Life Technologies, rs225014) (23) which have 
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an augmented melting temperature (Tm) and of-
fer better allelic sequence discrimination due to a 
specific minor groove binder (MGB). The ampli-
fication reaction was performed on a AB7900HT 
Fast Real Time PCT System using a program 
with an initial stage of DNA polymerase activa-
tion for 10 minutes at 95°C, followed by 45 cy-
cles consisting of two steps: DNA denaturation 
for 15 seconds at 95°C and annealing continued 
with extension for 1 minute at 60°C.
The amplification reaction mixture consisted of 
a variable volume of each DNA sample with an 
optimal quantity of genomic DNA (1 to maxi-
mum 10 ng) and 12.5 μl Genotyping Master Mix 
which included the DNA polymerase (AmpliTaq 
Gold DNA Polymerase), deoxyribonucleotide 
triphosphates, buffer components. A volume of 
0.63 μl TaqMan probes (with two different fluo-
rophores, 6-FAM and VIC) was then added and 
nuclease free water up to a final volume of 25 μl. 

Statistical Analysis. 
The results were expressed as frequencies and 
mean ± S.D.
Allelic frequencies of T and A alleles were deter-
mined by gene counting, and possible deviations 
from the Hardy-Weinberg equilibrium (24) were 
verified using a χ2 test. Clinical and laborato-
ry data were addressed using Pearson’s χ2 test, 

Mann-Whitney U-test, Kruskal-Wallis test. A 
two-tailed P < 0.05 was considered statistically 
significant, and all analyses were conducted in 
Stata/MP version 15 (StataCorp LLC, College 
Station, TX)

Results

The genotyping results of patients’ group with 
congenital hypothyroidism (50 subjects) and 
controls’ group (52 subjects) are presented in 
Table 1. The allele specific discrimination of 
genotypes by Real Time PCR with Taqman 
probes was highly reliable for patients and con-
trols (Figure 1 and Figure 2); however there 
were a few samples that didn’t meet the quality 
control threshold and were re-analyzed.
The frequency of A-allele (92 Alanine) in pa-
tients with CH was 0.350 and similar with the 
frequency in the control group (0.365).
In the patients’ group, 25 patients (50%) were 
homozygous (TT genotype) for the T-allele (92 
Threonine), 15 (30%) had heterozygous geno-
types (TA), and 10 (20%) were homozygous for 
the A-allele (AA). In the control group, 22 sub-
jects (42.3%) had the TT genotype, 22 (42.3%) 
were heterozygous (TA), and 8 (15.4%) had the 
AA genotype. 
The genotypes in the group of patients with CH 
were not in Hardy- Weinberg equilibrium (the 

Table 1. Demographic variables and characteristics of the cases and controls

Characteristics Cases (N=50) Controls (N=52) p val.
Female, N (%) 28 (56%) 25 (49%) 0.482
Age (years)* 0.25 (0.16-4.91) 9.33 (6.16-14.33) <0.001
fT3 (pmol/L)* 7.015 (6.39-7.75) ND
fT4 (pmol/L)* 16.05 (14.65-18.01) ND
TSH (uUI/mL)* 5.7 (2.97-9.86) NV

Thr92Ala

T allele frequency, N(%) 65 (65%) 66 (63.5%) 0.819A allele frequency, N(%) 35 (35%) 38 (36.5%)
TT genotype 25 (50%) 22 (42.3%)

0.428AT genotype 15 (30%) 22 (42.3%)
AA genotype 10 (20%) 8 (15.4%)

*Data is presented as median (IQR) except where otherwise stated; ND-not determined; NV-normal values
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expected frequencies for patients were: AT = 
45.50%, TT = 42.25%, AA = 12.25%), which 
could be explained by the low frequency of A-al-
lele and the reduced number of patients included 
in the study. However, in the control group, the 
identified genotypes were in Hardy-Weinberg 
equilibrium (the expected frequencies for con-
trols were: AT = 46.35%, TT = 40.3%, AA = 
13.35%). There was no statistical difference be-
tween the frequencies of genotypes in patients’ 
group vs. control group. 
In all the patients with a positive result in CH 
neonatal screening, the venous concentrations 

of thyroid hormones and TSH were measured 
and according to results the treatment with 
L-tyroxine was initiated. An initial dose of 
10–12 μg/kg per day was administered with 
a first follow-up examination after one week. 
Then the initial dose was adjusted depending 
on TSH, fT3 and fT4 determinations results 
and subsequent evaluations were performed af-
ter two weeks or one month. In older patients 
who already had a positive diagnostic of CH the 
treatment was personalized with variable doses 
of levothyroxine . As consequence the major-
ity (44 subjects) had normal values for fT3 and 

Fig. 1. Specific allelic discrimination of homozygous (AA and TT) and heterozygous (AT) genotypes in control group by 
Real Time PCR with Taqman probes
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fT4. However, high values for TSH were found 
in 21 patients (42%), which were not normal-
ized by the treatment. 6 patients had TSH values 
greater than 100 mU/L, and the rest had mild 
serum TSH elevations – 12 patients with TSH 
values within the interval 8.43 – 14.47 mU/L 
(> 8.05 mU/L), one patient had a TSH value of 

28.84 mU/L and two patients had TSH values 
greater than 4.53 mU/L (7.46 and 5.23 mU/L). 
The fraction of patients with high TSH values 
in patients with AA genotype was significantly 
higher (p = 0.044) than the fraction of patients 
with high TSH values in patients with TT and 
AT genotype (Table 2). 

Table 2. Distribution of TSH values according to patients’ genotype
Genotype Normal TSH High TSH p val.
TT, N (%) 14 (56%) 11 (44%)

0.044AT, N (%) 12 (80%) 3 (20%)
AA, N (%) 3 (30%) 7 (70%)

High TSH ≥ 4.53 mUI/L or ≥ 8.05 mUI/L

Fig. 2. Specific allelic discrimination of homozygous (AA and TT) and heterozygous (AT) genotypes in patients group 
by Real Time PCR with Taqman probes



Revista Română de Medicină de Laborator Vol. 27, Nr. 2, Aprilie, 2019 175

Only 6 treated patients presented abnormal val-
ues of fT3 and fT4 but none of these had the AA 
genotype, so no relationship between these par-
ameters could be assessed.

Discussion

Even though both groups, patients and controls, 
had a relatively small number of subjects, the 
allele frequency of Thr92Ala D2 polymorphism 
found in this study (35% for the patients group 
and 36.5% for the control group) is quite similar 
to those reported previously: 38.8% in a study 
with 158 healthy blood donors and 40.4% in a 
study of 141 adult patients with autoimmune pri-
mary hypothyroidism (25,26).
Several studies showed an association of the 
Thr92Ala D2 polymorphism with a reduced 
action of thyroid hormones at various organ tar-
gets. Also, some ex vivo data from other stud-
ies suggest that a defective D2 enzyme with 
a modified activity is encoded by the A-allele 
(26,27). 
However, the influence of the Thr92Ala poly-
morphism on blood levels of thyroid hormones 
is rather controversial. In a pharmacogenomic 
study, Butler et al showed that the AA genotype 
is associated with a lower rate of T3 release from 
the thyroid following TSH stimulation, a finding 
consistent with a decrease in intrathyroidal de-
iodination (21).
In another recent study, Torlontano et al. showed 
that athyreotic patients with a homozygous AA 
genotype will need higher doses of T4 replace-
ment therapy to achieve the suppression of serum 
TSH. The conclusion of these findings was that 
in TSH producing pituitary cells (thyrotropes) 
there may be a reduced activity of D2 (27). 
Another study by Peeters et al. on TSH levels in 
heterozygous subjects (26) for the Thr92Ala D2 
polymorphism found significantly lower plasma 
TSH levels, but there was no association with 
circulating levels of iodothyronine and a fol-

low-up study (28) confirmed this finding also in 
elderly subjects (26,28). 
The functional D2 activity in patients with an 
Ala92Ala genotype is lower and less T3 will 
be produced in tissues. Animal studies on rats 
showed that in the brain, up to 80% of intracellu-
lar T3 (29) is produced by local deiodination of 
circulating T4 which enters the astrocytes and 
it’s transformed by D2 in T3 and then transport-
ed into the neurons. For other tissues express-
ing D2 activity, more then 50% of T3 derives of 
circulating T4 (30).  Therefore, the Thr92Ala D2 
polymorphism may influence the T3 content in 
the brain, which depends more than other tissues 
on the deiodination process without obvious 
changes in concentrations of circulating thyroid 
hormones. 
However, one study with a limited sample size 
of 141 adult patients (18–70 years of age) with 
autoimmune primary hypothyroidism showed 
that the D2 Thr92Ala SNP was not associated 
with an improvement of well-being, neurocogni-
tive functioning and a preference for combined 
L-T4 + L-T3 therapy (25). Another, larger study 
among 552 adult patients on L-T4 replacement 
reported positive results – the polymorphism 
may affect the psychological well-being of pa-
tients and can predict which patients will have an 
improved well-being in response to combination 
therapy with T3 (30). 
All these studies included adult patients with 
hypothyroidism in which the nervous system de-
velopment is already complete, but for children 
with CH and a developing nervous system, the 
inadequate quantity of T3 in the nervous cells, 
even with a levothyroxine monotherapy starting 
immediately after birth, could be critical for fur-
ther development (31,32,33).
The higher percentage of patients with AA geno-
type having abnormal TSH values but normal-
ized fT4 and fT3 values could indicate that the 
insufficient conversion of T3 in T4 due to the 
lower D2 activity is a signal for hypothyroid-
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ism at cellular level which triggers a higher 
TSH secretion. However, in infants and children 
with CH treated with levothyroxine, the thyroid 
hormone resistance (THR) is frequent (43% 
for children less than one year old) and even if 
fT4 concentrations are normalized by treatment 
within the reference range, elevated serum TSH 
concentrations over the upper limit of the refer-
ence range are frequently encountered (34,35). 
The causes of THR are not fully understood, 
but mutations in the genes of all T3 nuclear 
receptors (TRα1, TRβ1, and TRβ2) are one of 
the main causes beside defective deiodinases or 
membrane transporters (36). Molecular analysis 
of TR genes or other genes with relevance in 
the pathogenesis of thyroid hormone resistance 
was not performed, therefore we cannot exclude 
that in some cases this type of defects are ac-
countable for THR. This could represent a lim-
itation of our study, even if the frequency of D2 
Thr92Ala polymorphism should be greater than 
the frequency of TR gene mutations (unknown 
in Romanian population).  Another limitation of 
this study remains the sample size of cases and 
controls which could limit generalizability of the 
results to the general population. 
In conclusion, the results of this study suggest 
that the AA genotype for the D2 gene poly-
morphism may be detrimental for achieving 
euthyroidism in patients with congenital hypo-
thyroidism and levothyroxine monotherapy. 
Consequently, for children in the first years of 
life, when euthyroidism is essential for a normal 
development of nervous system and the evalu-
ation of levothyroxine monotherapy effects on 
cognitive capacity is difficult and incomplete, 
a combined therapy – levothyroxine plus trii-
odothyronine could be valuable for achieving 
euthyroidism and a better nervous system re-
sponse to therapy (37,38). 
The results also provide further evidence for 
implication of genetic factors in differences be-
tween therapy responses for CH patients and 

may represent the rationale for a personalized 
therapy.
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