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Thyroid hormones mainly include 3,3’,5’-triio-
dothyronine (T3) and 3,5,3’,5’-thyroxine (T4), which 
are produced by the thyroid gland under normal 
conditions. 80% of T3 is transformed from T4 through 
deiodinase [5]. However, triiodothyronine (T3) is 
the hormone that plays the function of thyroxine 
[6]. Thyroxine deiodinase can be divided into type 1 
deiodinase (D1), type 2 deiodinase (D2), and type 3 
deiodinase (D3), which have different sites of action 
on thyroid hormone [7]. In addition, the distribution of 
each deiodinase in the body tissue is different, among 
which, D2 is mainly distributed in the pituitary gland, 
hypothalamus, and thyroid gland; hence, D2 plays 
a crucial role in TSH suppression therapy [8]. D2 is 
the most important enzyme in thyroid hormone me-
tabolism, which mainly acts on the transformation 
from T4 to T3 [9]. The D2 gene is polymorphic, which 

Introduction

According to the cancer statistics released by China in 
2020, the incidence of thyroid cancer has increased in 
recent decades [1]. Differentiated thyroid cancer (DTC) 
is the most common malignant thyroid cancer. Surgery 
is still the first choice in the treatment of DTC, such as 
total thyroidectomy (TT) and hemithyroidectomy (HT) 
[2]. Oral levothyroxine (L-T4) inhibition of thyroid 
stimulating hormone (TSH) level is the most commonly 
used method in the clinical management and treatment 
of patients with DTC after surgery [3]. However, about 
20% of patients with an adequate dose of L-T4 drugs 
still do not achieve effective inhibition of TSH levels, 
but the blood-free thyroxine (FT4) levels are increased, 
which affects the effect of postoperative management 
and treatment of thyroid cancer patients [4].
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Abstract 
Introduction: Oral levothyroxine (L-T4) suppression of thyroid-stimulating hormone (TSH) levels is the most commonly used clinical 
approach to manage and treat patients after thyroid cancer surgery. This study aimed to investigate the association between TSH sup-
pression therapy and type 2 deiodinase gene (DIO2) polymorphism in differentiated thyroid carcinoma (DTC). 
Material and methods: A total of 240 patients with DTC who received total thyroidectomy (TT; 120) and hemithyroidectomy (HT; 120) 
were enrolled in this study. The serum TSH, free triiodothyronine (FT3), and free thyroxine (FT4) levels were detected using an auto-
matic serum immune analyser and electrochemiluminescence immunoassay. Based on the results of DIO2 gene detection, 3 genotypes 
of Thr92Ala were detected.
Results: The serum TSH levels were inhibited after oral L-T4 treatment, but the proportion of patients who reached the TSH suppression 
standard in the hemithyroidectomy group was higher than in the total thyroidectomy group. After TSH suppression treatment, serum 
FT4 levels were increased in both total thyroidectomy and hemithyroidectomy. The difference in serum TSH, FT3, and FT4 levels was 
associated with different genotypes, and patients with high cytosine cytosine (CC) genotypes may have difficulty meeting the TSH 
suppression criteria. 
Conclusions: Patients who underwent total thyroidectomy exhibited higher postoperative serum FT4 levels than patients in the hemithy-
roidectomy group after TSH suppression therapy. The Thr92Ala polymorphism of type 2 deiodinase (D2) was associated with TSH sup-
pression therapy.

Key words: differentiated thyroid carcinoma; TSH; DIO2; Thr92Ala; genotypes





2

O
R

IG
IN

A
L 

PA
PE

R

DIO2 gene genotype and DTC Xiaoke Zheng et al.

of the same detection were taken using an automatic serum im-
mune analyser and electrochemiluminescence immunoassay. 
The enrolled patients were treated with L-T4 for one year and those 
whose serum TSH level did not reach the standards were given 
T3+L-T4 combined therapy. The dose ratios of T3:T4 were 1:10, 
1:15, and 1:20, respectively. 

Deiodinase 2 (DIO2) genotype analysis 
Blood samples were collected from the patients before surgery 
and stored in collection tubes with ethylenediaminetetraacetic 
acid (EDTA) for genetic testing. Deoxyribonucleic acid (DNA) was 
extracted from peripheral blood using a DNA extraction kit (HiJiLi 
Biotechnology Co., Wuhan, China). The absorbance at 260 nm 
and 280 nm was measured by an ultaviolet (UV) spectrophotometer, 
and the optical density (OD) ratio (260/280 nm) and DNA concen-
tration were calculated. Then the target fragment was amplified 
by polymerase chain reaction (PCR). The primer sequences for 
PCR were as follows: DIO2 rs225014, forward, 5’-TGGCTCGT-
GAAAGGAGGTCAAGT-3’, reverse, 5’-CGTCAGGTGAAATTGGGT-
GAGGAT-3’. The DIO2 gene genotyping was performed by an ABI 
Prism 3700 DNA automated sequencing system. 

Statistical analysis
The statistical analysis of the experimental data was completed 
by SPSS 20.0 statistical software. The data were presented 
as mean ± standard deviation (SD). Allele frequencies and genotype 
frequencies were counted, and Hardy-Weinberg equilibrium was 
performed for the HT and TT surgery groups. The difference in dis-
tribution frequency of single single nucleotide polymorphism (SNP) 
between HT and TT groups was analysed by the c2 test. The t-test 
or one-way ANOVA was performed for the difference comparison. 
A p-value lower than 0.05 was considered statistically significant.

Results

Comparison of thyroid hormone levels before 
and after treatment
The general data of the patients were not significantly 
different between the HT (A) group (age range: 25–65 
years, mean age: 44 years, and sex: 36 males and 84 fe-
males) and the TT (B) surgery group (age range: 23–67 
years, mean age: 45 years and sex: 33 males and 87 
females). Also, the HT (A) group included 18 patients 
in stage I, 37 patients in stage II, 50 patients in stage III, 
and 15 patients in stage IV, while the TT (B) surgery group 
included 20 patients in stage I, 38 patients in stage II, 46 
patients in stage III, and 16 patients in stage IV. There was 
no statistical difference between the A and B groups. As 
shown in Table 1, there was no significant difference in 
thyroid hormone levels between groups A and B before 
treatment. Serum TSH levels were inhibited after oral 
L-T4 treatment, and the levels were lower in group A than 
in group B (p < 0.001). After TSH suppression treatment, 
FT4 significantly increased in group A, and there was no 
significant difference in serum triiodothyronine (FT3) 
levels before and after the operation. Although serum FT4 
levels were increased in most patients in group B after 
surgery, serum FT3 decreased after surgery. All the thy-
roid hormone levels had a statistical difference between 
groups A and B after treatment (p < 0.001, Tab. 1). 

can affect thyroid hormone metabolism and lead to 
abnormal hormone levels [10, 11]. This phenomenon 
indicates that D2 gene polymorphism may be associated 
with TSH failure in patients with thyroid cancer after 
the operation. D2 is mostly located in the endoplasmic 
reticulum, and the gene encoding D2 (DIO2) is located 
on chromosome 14q24.3 [12, 13]. DIO2 has gene poly-
morphisms, and it is more common to change alanine 
to threonine due to the mutation of codon 92 acid, thus 
producing the Thr92Ala gene polymorphism of DIO2 
[14]. Studies have shown that D2 Thr92Ala (rs225014) 
may affect the response rate of D2, and more L-T4 is 
required to achieve TSH suppression for thyroidectomy 
patients [15]. Exploring the D2 gene polymorphism is 
of great significance for the effective inhibition of TSH 
after thyroid cancer surgery.

This study tried to investigate the relationship be-
tween thyroid hormone changes and D2 genotype in 
DTC patients after different surgical methods, to further 
understand the influence of different D2 gene poly-
morphisms and the thyroid residual amount on thy-
roid hormone metabolism, and to seek breakthroughs 
for better management, diagnosis, and treatment of 
DTC patients after surgery.

Material and methods

Study population
A total of 240 patients who underwent thyroidectomy in the Shang-
hai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong Univer-
sity School of Medicine, from January 2019 to December 2021, were 
enrolled in this study. The inclusion criteria included the following: 
(1) first-time surgery; (2) patients with complete thyroid function 
examination in our hospital within one month before surgery; (3) 
postoperative paraffin pathology was DTC; (4) the patient agreed to 
blood testing and signed an informed consent form; and (5) the sur-
gical methods were TT and HT. The groups were as follows: HT 
group (A group, n = 120) — hemithyroidectomy plus central lymph 
node dissection (with or without cervical lymph node dissection); TT 
group (B group; n = 120) — total thyroidectomy + unilateral/bilater-
al central lymph node dissection (with or without unilateral/bilateral 
cervical lymph node dissection). The institutional Ethics Committee 
of Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong 
University School of Medicine approved this study.

Postoperative follow-up and TSH levels
All patients were given oral L-T4 after surgery (50 μg levothyroxine 
sodium tablets, 100 tablets, Merck, Germany). The initial dose of 
L-T4 for patients who underwent HT after surgery was 50 μg/day, 
while the initial dose for TT patients was 100 μg/day, and the initial 
dose of L-T4 for HT patients with contralateral partial resection was 
50 μg/day or 75 μg/day. The average dose of L-T4 for the HT surgery 
group (A group) was 106.875 μg/day, and for the TT surgery group 
it was 125.625 μg/day. The TSH concentration of thyroid cancer 
patients was maintained at ≤ 0.1–0.3 mU/L in stage I, 0.05–0.1 mU/L 
in stage II and stage III, and < 0.05 mU/L in stage IV.
If the TSH level of postoperative patients did not reach the standard, 
the dose of the drug was adjusted appropriately, and the dose of 
each adjustment was 12.5 μg or 25 μg. After the TSH of the enrolled 
patients reached and stabilized after the operation, the value of 
the first TSH reached the standard, and the FT3 and FT4 values 
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Allele frequency and genotype distribution 
in groups with different surgery methods 
In 240 DTC patients, 3 DIO2 Thr92Ala (rs225014) geno-
types were detected, including thymine thymine (TT) 
genotype, thymine cytosine (TC) genotype, and cyto-
sine cytosine (CC) genotype. There were 23 cases (0.192) 
of DIO2 Thr92Ala CC genotype, 67 cases (0.558) of DIO2 
Thr92Ala CT genotype, and 30 cases (0.250) of DIO2 
Thr92Ala TT genotype in group A. The allele frequen-
cies of C and T were 0.471 and 0.529, respectively. In 
group B, there were 25 cases (0.208) of DIO2 Thr92Ala 
CC genotype, 64 cases (0.533) of DIO2 Thr92Ala CT 
genotype, and 31 cases (0.258) of DIO2 Thr92Ala TT 
genotype. There was no statistical difference between 
the groups (p > 0.05, Tab. 2).

Allele frequency and genotype distribution 
analysis in groups achieving or not achieving 
the TSH suppression standard
After TSH suppression treatment, the serum TSH levels 
of some patients did not reach the TSH suppression 
standard during the follow-up period. There were 107 
patients (89.17%) who achieved the TSH suppression 
standard in group A, but only 77 patients (64.17%) 
reached the standard in group B. Thus, we further 

analysed the allele frequency and genotype distribu-
tion in patients who reached the TSH suppression 
standard (184) and those who failed to reach the TSH 
suppression standard (56) (Tab. 3). There were 28 cases 
(0.152) of DIO2 Thr92Ala CC genotype, 98 cases (0.533) 
of DIO2 Thr92Ala CT genotype, and 58 cases (0.315) 
of DIO2 Thr92Ala TT genotype reaching the TSH 
suppression standard. The allele frequencies for C 
and T were 0.418 and 0.582, respectively. In the group 
failing to reach the TSH suppression standard there 
were 20 cases (0.357) of DIO2 Thr92Ala CC genotype, 
33 cases (0.589) of DIO2 Thr92Ala CT genotype, and 3 
cases (0.054) of DIO2 Thr92Ala TT genotype. The allele 
frequencies for C and T were 0.652 and 0.348, respec-
tively. The proportion of CC genotypes in the group 
who failed to reach the TSH suppression standard 
was higher, while CT and TT genotypes were higher in 
the group who reached the TSH suppression standard 
(p < 0.001, Tab. 3). 

Thyroid hormone levels in different genotypes
Considering the allele frequency difference in patients 
with different responses to TSH suppression treatment, 
the thyroid hormone levels were further analysed. 
The TSH levels (0.479 ± 0.150 mU/L) and FT4 levels 

Table 1. Comparison of serum thyroid indicators between groups before and after treatment

Indicators Time A group (n = 120) B group (n =120) p-value

TSH [mU/L]

Before treatment 2.436 ± 0.559 2.488 ± 0.704

After treatment 0.341 ± 0.118 0.455 ± 0.144 < 0.001

FT3 [pmol/L]

Before treatment 5.086 ± 1.194 5.197 ± 1.011

After treatment 4.928 ± 0.961 4.188 ± 0.533 < 0.001

FT4 [pmol/L]

Before treatment 16.93 ± 0.689 17.01 ± 0.733

After treatment 20.00 ± 0.454 22.18 ± 0.694 < 0.001

A group — hemithyroidectomy (HT); B group — total thyroidectomy (TT); TSH — thyroid-stimulating hormone; FT3 — free triiodothyronine; FT4 — free thyroxine

Table 2. Allele and genotype analysis in the differentiated thyroid carcinoma (DTC) patients with different surgery methods

Surgery methods

DIO2 Thr92Ala (rs225014)

Genotype Allele

CC CT TT C T

A group (frequency) 23 (0.192) 67 (0.558) 30 (0.250) 113 (0.471) 127 (0.529)

B group (frequency) 25 (0.208) 64 (0.533) 31 (0.258) 114 (0.475) 126 (0.525)

c2 0.146 0.007 0.008

p-value 0.702 0.932 0.927

A group — hemithyroidectomy (HT); B group — total thyroidectomy (TT); DIO2 — deiodinase 2; CC — cytosine cytosine; CT — cytosine thymine; 
TT — thymine thymine; C — cytosine; T — thymine
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(22.26 ± 0.689 pmol/L) were highest while FT3 levels 
(4.126 ± 0.539 pmol/L) were lowest in the CC genotype 
group among the 3 genotypes (p < 0.001, Tab. 4). 

Discussion

The present study analysed the thyroid hormone lev-
els in DTC patients who received total thyroidectomy 
and hemithyroidectomy as well as TSH suppression 
therapy. The serum TSH levels were inhibited after 
oral L-T4 treatment, but the proportion of patients 
who reached the TSH suppression standard in 
the hemithyroidectomy group was higher than in 
the total thyroidectomy group. Most patients showed 
increased FT4 levels, while decreased FT3 levels were 
seen in the total thyroidectomy group. The serum FT4 
levels were also increased in hemithyroidectomy while 
the serum FT3 levels showed no significant changes. 
After analysing the genotypes of the patients, we ob-
served that the CC genotype has difficulty attaining 
the TSH suppression standard.

At present, surgery is a common treatment for 
DTC patients [16]. TSH suppression therapy is used 
in the management of patients thyroidectomized for 
DTC [17, 18]. The thyroid hormone levels were mea-
sured after surgery and TSH suppression therapy in 
the current study. The serum TSH levels were sup-
pressed in patients who underwent total thyroidectomy 
and hemithyroidectomy. Although the serum FT4 
levels were increased in both surgery method groups, 

the serum FT3 levels were decreased in the total thy-
roidectomy group, and no significant changes were 
found in the hemithyroidectomy group. These data 
reveal that patients with different surgery methods may 
need different management after surgery. A previous 
study revealed that the FT4/FT3 quotient increased 
the possibility that a thyroid nodule was malignant 
[19]. Elevated serum FT4 levels and depressed FT3 
levels were also reported in thyroid-deficient patients 
post-surgery [20]. The phenomenon of increased levels 
of serum FT4 and decreased FT3 levels may influence 
the effect of postoperative management and treatment 
of thyroid cancer patients. 

The DIO2 Thr92Ala polymorphism is associated 
with an increased risk for several diseases [14, 21–23]. 
For instance, homozygosity for the DIO2 Thr92Ala 
polymorphism is related to glycaemic control in 
type 2 diabetes mellitus [14]. A systematic review 
and meta-analysis showed that euthyroid Ala92-DIO2 
carriers have increased body mass index (BMI) levels 
and higher fasting plasma glucose levels [24]. To ex-
plore the association between thyroid hormone levels 
and DIO2 Thr92Ala polymorphism of DTC patients, 
the genotype distribution and allele frequencies of 
patients were analysed. The genotype distribution 
and allele frequencies have no statistical difference 
between total thyroidectomy and hemithyroidectomy 
groups. A previous study in a subset of the Chinese 
population showed that the Thr92Ala distribution 
was 96 (0.338) TT genotype, 145 (0.511) TC genotype, 

Table 3. Allele and genotype analysis in the differentiated thyroid carcinoma (DTC) patients after thyroid-stimulating hormone 
(TSH) inhibition therapy

DIO2 Thr92Ala (rs225014)

Genotype Allele

CC CT TT C T

Reaching TSH standard 
(frequency) 28 (0.152) 98 (0.533) 58 (0.315) 154 (0.418) 214 (0.582)

Below TSH standard 
(frequency) 20 (0.357) 33 (0.589) 3 (0.054) 73 (0.652) 39 (0.348)

c2 4.575 21.790 18.751

p-value 0.032 < 0.001 < 0.001

Table 4. Comparison of serum thyroid indicators between different genotype groups after treatment

Indicators
Genotype

p-value
CC (n = 48) CT (n = 131) TT (n = 61)

TSH [mU/L] 0.479 ± 0.150 0.389 ± 0.135 0.353 ± 0.131 < 0.001

FT3 [pmol/L] 4.126 ± 0.539 4.635 ± 0.897 4.733 ± 0.884 < 0.01

FT4 [pmol/L] 22.26 ± 0.689 20.82 ± 1.213 20.76 ± 1.087 < 0.001

TSH — thyroid-stimulating hormone; FT3 — free triiodothyronine; FT4 — free thyroxine
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and 43 (0.151) CC genotype [25]. In the current study, 
the DTC patients seemed to have higher Thr92Ala 
CC genotype distribution (0.192/0.208) and lower 
TT genotype distribution (0.250/0.258). These find-
ings show that the genotype distribution and allele 
frequencies in DTC patients may have differences 
in healthy individuals. 

The TSH suppression rate of reaching the standard 
in the total thyroidectomy group was significantly 
lower than that of the hemithyroidectomy group 
patients. To reach the TSH suppression standard, 
the patients in the total thyroidectomy group may 
need more time than the hemithyroidectomy group 
patients. The patients were further divided into 
those who reached the TSH suppression standard 
and those who failed to reach the TSH suppression 
standard. The patients who failed to reach the TSH 
suppression standard exhibited higher rs225014 CC 
genotype distribution (0.357) and lower TT genotype 
distribution (0.054). Moreover, the difference in serum 
TSH, FT3, and FT4 levels was associated with different 
genotypes, which suggests that patients with high CC 
genotypes may have difficulty reaching the TSH sup-
pression standard. A large population-based Western 
European cohort study showed that the Thr92Ala 
polymorphism of D2 was not associated with the dif-
ference in TSH, FT4, and FT3 in participants on thy-
roid hormone replacement therapy [26]. This finding 
was inconsistent with our results, which might be 
due to different treatment methods and populations. 
The association between TSH suppression therapy 
and DIO2 Thr92Ala polymorphism remains to be 
confirmed in large cohorts in the future. Also, the per-
centage of co-occurrence of autoimmune thyroiditis 
in thyroid cancer patients undergoing TT or HT 
surgery may have differences in achieving adequate 
postoperative TSH levels. The present study did not 
take this case into account, which may be a limitation 
and an interesting research field. 

Conclusions

In conclusion, patients who underwent total thyroidec-
tomy exhibited higher postoperative serum FT4 levels 
than patients in the hemithyroidectomy group after 
TSH suppression therapy. The Thr92Ala polymorphism 
of D2 was associated with TSH suppression therapy. 
These findings may provide a basis for effective screen-
ing of low-risk DTC patients for whom total thyroid-
ectomy before surgery is not recommended and who 
should seek better T3+LT4 combination therapy.
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