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ABSTRACT. The D727E germline polymorphism in the thyroid-
stimulating hormone receptor gene (TSHR) may cause genetic 
susceptibility to the development of goiter. Therefore, in this study we 
investigated allele frequencies and genotype distributions of the TSHR 
D727E polymorphism, their association with clinical parameters, and 
the development of goiter in the Turkish population. We investigated 
the TSHR D727E polymorphism in 123 patients and 97 healthy 
subjects using the polymerase chain reaction-restriction fragment 
length polymorphism technique. Peripheral blood was used for DNA 
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extraction. Although no significant difference was found in TSHR 
D727E polymorphism frequencies between the patients with nodular 
goiters (26/123 patients, 21.1%) and the controls (12/97 patients, 
12.4%) (P = 0.107), the frequency of the TSHR D727E polymorphism 
in the hyperthyroid+subclinical hyperthyroid patient groups (23%) was 
significantly higher than in the control subjects (12.4%) (P = 0.024). In 
this study, nodular goiter presented significantly earlier in GC genotype 
patients (mean age 35 years) than in CC genotype patients (mean age 
42 years) in the hyperthyroid group (P = 0.009). More importantly, TSH 
levels in the GC variant controls were closely significant lower (1.26 
± 0.49) than in the CC variant controls (1.74 ± 0.84) (P = 0.053). The 
TSHR D727E polymorphism might be involved in the pathogenesis 
of toxic multinodular goiter (TMNG). Moreover, this polymorphism 
might be an indication of early-onset TMNG. However, development 
of MNG is multifactorial. Therefore, further case-control studies with 
larger populations are required to verify these observations.
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INTRODUCTION

A goiter, which is described as any enlargement of the thyroid tissue, is an important 
and continuing health problem globally. Whether diffuse or nodular, its prevalence ranges 
from 5 to 50%, although that figure varies depending on the detection method used as well as 
the population studied. In nodular goiters, the prevalence is higher in women in areas of iodine 
deficiency, and increases with advancing age (Bahn and Castro, 2011).

Family and twin pair studies in endemic and non-endemic areas have clearly 
demonstrated a genetic predisposition for goiter development (Brix et al., 1999; Krohn et al., 
2005). In endemic regions, genetic factors play a secondary role in the etiology of goiter in 
contrast to non-endemic regions in which genetic factors play a major etiologic role (Greig et al., 
1967; Malamos et al., 1967; Brix et al., 1999). In non-endemic regions, approximately 82% of 
clinically overt simple goiters are attributable to genetic factors, whereas environmental factors 
explain the remaining 18% (Brix et al., 1999). Indeed, it has been proven that goiter is a result of 
interactions between both primary (genetic) and secondary (environmental) factors. The widely 
accepted risk factors such as iodine deficiency, smoking, old age, and female gender are likely to 
interact with and/or trigger genetic susceptibility (Brix et al., 1999; Krohn et al., 2005).

One of the candidate genetic risk factors for the development of thyroid diseases is thyroid-
stimulating hormone receptor (TSHR), which is a member of the large family of G protein-coupled 
receptors according to its central role in thyroid function and growth (Paschke and Ludgate, 1997; 
Porcellini et al., 1997; Gozu et al., 2009). Somatic mutations in the signal transduction pathway 
(TSHR or GNAS) constitutively activate the cAMP cascade, and result in growth and hyperfunction 
of the thyroid follicular cells and ultimately thyroid autonomy. The frequency of somatic TSHR 
mutations in toxic thyroid nodules varies between 8 and 82% (Gozu et al., 2006).

In contrast to somatic mutations, polymorphisms may have little effect on the function 
of proteins, and do not necessarily cause overtly debilitating diseases. Only three germline 
TSHR polymorphisms, resulting in amino acid exchange, have been identified (Duprez et al., 
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1998): two are located in the extracellular portion of the receptor (D36H and P52T); and the 
third is described as a substitution of glutamic acid for aspartic acid (D727E), and is located 
within the intracellular portion of TSHR (Tonacchera and Pinchera, 2000).

The TSHR D727E variant is not constitutively activating in the manner of the 
previously reported mutations found in toxic multinodular goiter (TMNG). In vitro studies have 
shown that basal cAMP generation is not altered in cells expressing TSHR with polymorphic 
D727E compared with wild-type cells. However, the D727E variant receptor has a higher 
sensitivity compared with the wild-type receptor, indicating that it does exhibit somewhat 
altered biological behavior because less TSH is needed to produce normal free thyroxine (fT4) 
levels (Gabriel et al., 1999).

The results obtained from case-control studies regarding the possible association of 
the TSHR D727E polymorphism and multinodular goiter (MNG) and TMNG in different 
populations are inconsistent (Gabriel et al., 1999; Mühlberg et al., 2000; Sykiotis et al., 2003; 
Hansen et al., 2007; Tug et al., 2012; Bayram et al., 2013).

The present study, therefore, aimed to determine the allele frequencies and genotype 
distributions of the TSHR gene D727E polymorphism and its association with iodine status, 
clinical parameters, and the development of goiter in the Turkish population.

MATERIAL AND METHODS

A total of 123 patients and 97 healthy controls without evidence of thyroid disorders 
who had been admitted to our endocrinology clinics were enrolled in this study. All the patients 
gave written informed consent, and the study was approved by the Ethics Committee at each 
participating institution. The patients examined (mean age 47.57 ± 12.55; range 20-75 years) had 
undergone thyroidectomy for toxic or non-toxic multinodular goiter. Demographical and clinical 
data, such as personal and family history, age, smoking habits, and age at disease onset, were 
recorded. The patient’s place of birth and habitation in Turkey were also logged. In this study, 
iodine-deficient, sufficient, and mixed regions were identified, as described in a previous study 
(Gozu et al., 2006). In these patients, thyroid function was tested [total or free triiodothyronine 
(T3), T4, and TSH], and thyroid peroxidase antibodies (anti-TPO) were measured. Investigations 
were also carried out using thyroid ultrasonography and 99mTc scintigraphy. Accordingly, the 
patients were classified as euthyroid, hyperthyroid, or subclinical hyperthyroid with normal free 
T3 (fT3) and fT4 levels, and TSH values lower than 0.1 µIU/mL (Biondi et al., 2005). In addition, 
all surgical thyroid specimens were histologically examined for the occurrence of inflammatory 
cell infiltration. Patients were excluded if anti-thyroid peroxidase (anti-TPO) antibodies were 
positive and/or lymphocytic thyroiditis diagnosed by pathology was present.

The diagnosis of MNG or TMNG was based on clinical and biochemical data, and was 
confirmed by histological examination. All healthy control participants had documented normal 
thyroid function and had no evidence of thyroid autoimmune or non-autoimmune disease, as 
determined by a careful investigation of personal and family history, clinical examination, 
thyroid function testing, thyroid autoantibody testing, and thyroid ultrasound testing.

Genetic analysis of TSHR D727E polymorphism

Genomic DNA was extracted from peripheral blood mononuclear cells using a standard 
phenol-chloroform methodology. To investigate the TSHR D727E polymorphism in exon 10 of 
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the TSHR gene, a polymerase chain reaction (PCR) was performed, as described previously (Gozu 
et al., 2006). PCR amplification was performed in a final volume of 50 µL containing 10 pmol 
each of the appropriate primers [TSHRF (forward) 5'-GTCAGCAATTCTGAACAAGCC-3' 
and TSHRR (reverse) 5'-TTCTTTGGGGTTAGATGGG-3'], 200 µM dNTPs, 1.5 mM MgCl2, 
1U Taq polymerase, 10X reaction buffer [500 mM Tris-HCl, pH 8.8, 160 mM (NH4)SO4, 
and 0.1% Tween® 20] (MBI Fermantas, Lithuania), and 100 ng DNA. The PCR protocol 
comprised an initial denaturation at 94°C for 3 min, thereafter denaturation at 94°C, annealing 
at 60°C, and extension at 72°C for 30 s each, for 35 cycles, with a final 10 min extension at 
72°C. The obtained 327-bp PCR products were separated on 2% agarose gel, stained with 
ethidium bromide, and visualized by UV transillumination. Afterwards, 10 µL amplification 
products was digested with 5 U Hsp92II restriction enzyme (Promega, USA) for 4 h at 37°C 
and separated on 2.5% agarose gel, stained with ethidium bromide, and visualized by UV 
transillumination, as described previously (Mühlberg et al., 2000). The PCR products with 
the CC (TSHR 727D) genotype yielded 255-, 51-, and 21-bp DNA fragments, whereas the 
products with the GG (TSHR D727E) genotype yielded 276- and 51-bp fragments, and the PCR 
products with the CG (TSHR D727E) genotype yielded 276-, 255-, 51-, and 21-bp fragments.

Statistics

The Number Cruncher Statistical System (2007, NCSS, LLC, Kaysville, UT, USA) 
software was used for the statistical analyses. The data were evaluated using descriptive 
statistical methods such as mean, standard deviation, median, frequency, and percentage. One-
way analysis of variance (ANOVA) was used for comparisons of normally distributed variables, 
while the Student t-test was used for two-group comparisons. The Mann-Whitney U-test was 
used for comparisons where the variables were not normally distributed. To compare qualitative 
data, the Pearson chi-square test, the Yates’ continuity correction, and the Fischer exact test were 
used. The results were evaluated with 95%CIs and P values < 0.05 were considered significant.

RESULTS

Demographic parameters of the patients and control subjects

A case-control study was conducted in a group of 123 patients with MNG and in 97 age- 
and sex-matched healthy control subjects. The mean age of the patients was 47.57 ± 12.55 years, 
and 104 (84.6%) patients were women. Healthy subjects were of mean age 45.91 ± 14.97 years, 
with a female percentage of 75.3%. Table 1 shows the demographic parameters of the study group.

aStudent t-test. bPearson’s chi-square test. cYates’ continuity correction test. 

Table 1. Demographic parameters of patients and controls.

 Patients (N: 123) means ± SD Controls (N: 97) means ± SD P value 
Age (years) means ± SD  47.57 ± 12.55 45.91 ± 14.97 0.381a 

Gender [N (%)] Female 104 (84.6%) 73 (75.3%) 0.084b 

Male 19 (15.4%) 24 (24.7%) 
Iodine status [N (%)] Iodine-deficient 39 (31.7%) 4 (4.1%) 0.001b 

Iodine-sufficient 20 (16.3%) 17 (17.5) 
Mixed 64 (52.0%) 76 (78.4%) 

Smoking [N (%)]  22 (17.9%) 27 (27.8%) 0.110c 
Family history (FH) [N (%)]  46 (38%) 22 (22.7%) 0.015b 
Age at disease onset FH (present) 36.58 ± 11.83  0.036a 

FH (absent) 41.48 ± 12.17  
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The prevalence of patients from iodine-deficient regions were significantly higher than 
the controls (31.7 vs 4.1%; P = 0.001). Corresponding to socioeconomic status, the number of 
smokers was higher in the control group than in the patient group, but the difference was not 
significant (17.9 vs 27.8%; P = 0.110). In contrast to smoking habit as a risk factor, prevalence 
of family history in the patient group was significantly higher than in the controls (38 vs 
22.7%; P = 0.015; Table 1).

Prevalence of TSHR D727E polymorphism and its correlation with demographic 
and clinical parameters

Two genotypes, GG and GC, at locus 727 of the TSHR gene were detected in 26 of 
123 unrelated individuals (21.1%) by restriction enzyme digestion screening. There were no 
statistically significant differences in codon 727 polymorphism frequencies between the patients 
with multinodular goiter (21.1%) and the healthy controls (12.4%); (P = 0.107; Table 2).

aPearson’s chi-square test.

Table 2. Prevalence of TSHR D727E polymorphism in patients and controls.

 TSHR D727E genotype Allele frequency P value 
CC CG GG C G 0.107a 

Patients N (%) 97 (78.9%) 24 (19.5%) 2 (1.6%) 0.886 0.114 
Controls N (%) 85 (87.6%) 12 (12.4%) 0 (0%) 0.938 0.062 
 

However, the frequency of the TSHR D727E polymorphism (GC+GG genotype) in 
the hyperthyroid+subclinical hyperthyroid group (23%) was significantly higher than in the 
other groups including the euthyroid patients (9.1%) and the healthy controls (12.4%) (P = 
0.024) when all groups were compared. Remarkably, the frequency of the TSHR D727E wild-
type allele (CC genotype) in the euthyroid patients seemed almost the same as in the control 
groups (90 vs 87.6%; Table 3).

*Hyperthyroid and subclinical hyperthyroid patient groups were considered as one group owing to insufficient 
numbers of subclinical hyperthyroid patients (12 patients) for statistical analysis. aYates’ continuity correction test. 

Table 3. Distribution and comparison of the TSHR D727E polymorphism among the groups.

Distribution between groups TSHR D727E CC (N:182) N (%) TSHR D727E GC+GG (N:38) N (%) P value 
Hyperthyroid+subclinical hyperthyroid* 67 (67%) 23 (23%) 0.024a 
Euthyroid 30 (90.9%) 3 (9.1%) 
Control 85 (87.6%) 12 (12.4%) 
Comparison between groups   
Hyperthyroid+subclinical 
Hyperthyroid+euthyroid 

 0.048a 

Hyperthyroid+subclinical 
Hyperthyroid+control 

 0.034a 

 

When the prevalence of the TSHR D727E polymorphism was compared between patient 
subgroups, a statistically significant difference was found between hyperthyroid+subclinical 
hyperthyroid and euthyroid patient subgroups (P = 0.048). Also, statistical power was much 
higher in the hyperthyroid+subclinical hyperthyroid patients and control subjects compared 
with the other groups (P = 0.034; Table 3).

There were no statistically significant differences between the distribution of the 
TSHR polymorphism with age and gender between patients and controls (age of patients and 
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controls: P = 0.520 and P = 0.917, respectively; gender of patients and controls: P = 0.572 
and P = 0.744, respectively; data not shown in tables). No correlation was found between 
the TSHR D727E polymorphism and family history, smoking habit, and iodine status in the 
patients (P = 0.233, 0.564, and 0.977, respectively; Table 4).

aFisher exact test. bPearson’s chi-square test. cYates’ continuity correction test.

Table 4. Comparison between TSHR D727E polymorphism and demographic characteristics in patients.

 TSHR D727E CC (N = 97) [N (%)] TSHR D727EGC+GG (N = 26) [N (%)] P value 
Smoking habit Smokers 16 (16.5%) 6 (23.1%) 0.564a 

Non-smokers 81 (83.5%) 20 (76.9%) 
Iodine status Deficient 31 (32%) 8 (30.8%) 0.977b 

Sufficient 16 (16.5%) 4 (15.4%) 
Mixed 50 (51.5%) 14 (53.8%) 

Family history Present 33 (34.7%) 13 (50%) 0.233c 
Absent 62 (65.3%) 13 (50%)  

 

For those patients that carried the TSHR GC variant, the development of MNG began 
early in life, but it was not statistically significant (P = 0.107) (data not shown in tables). In 
contrast, in the hyperthyroid group, age at disease onset was significantly decreased in patients 
carrying the TSHR D727E GC+GG genotype, compared with those carrying the CC genotype 
(P = 0.009; Table 5 and Figure 1).

Table 5. Comparison of age at disease onset in hyperthyroid patients on the basis of the genotyping results.

aStudent t-test.

 Hyperthyroid patients P value 
Age (means + SD) in CC genotype Age (means + SD) in GC genotype  
42.96 ± 11.99 35.25 ± 12.03 0.009a 

 

Figure 1. Comparison of age at disease onset between patients with/without the D727E polymorphism in the 
hyperthyroid patient group. CC represents the D727 (wild-type) genotype; GC represents the heterozygous D727E 
genotype.
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Serum TSH levels of the patients were not compared between CC and GC 
genotypes because of a considerable variability in TSH levels resulting from anti-thyroid 
medication in the hyperthyroid patient group. In contrast, serum TSH levels were higher in 
the control subjects carrying the CC genotype (1.76 ± 0.84 mIU/mL) compared with those 
carrying the GC genotype (1.26 ± 0.49). This result was close to statistical significance (P 
= 0.053; Table 6 and Figure 2).

Table 6. Comparison of thyroid-stimulating hormone (TSH) levels in controls on the basis of the genotyping 
results.

 TSHR D727E CC genotype TSHR D727E GC genotype P value 
Means ± SD Median Means ± SD Median  

TSH level (µIU/mL) in controls 1.74 ± 0.84 1.60 1.26 ± 0.49 1.21 0.053a 
 aMann-Whitney U-test.

Figure 2. Comparison of thyroid-stimulating hormone (TSH) levels (µIU/mL) in the control subjects with/without 
the D727E polymorphism. CC represents the D727 (wild-type) genotype; GC represents the heterozygous D727E 
genotype.

The effect of cigarette smoking on thyroid volume was considered. To evaluate 
the effects of smoking on thyroid volume, the patients carrying a polymorphic allele 
were excluded from the statistical analysis. The thyroid volume was higher in smokers 
than in non-smokers in the hyperthyroid patient group, although the difference was not 
statistically significant (77.87 vs 55.26 mL; P = 0.254). Similarly, to determine the effects 
of the TSHR D727E polymorphism on thyroid volume, the patients with a smoking habit 
were excluded from the statistical analysis. In the hyperthyroid groups, the thyroid volume 
of patients with the TSHR D727E GC+GG variant was higher than in the patients with the 
wild-type genotype. Surprisingly, the result was close to statistical significance (91.23 vs 
55.26 mL; P = 0.077; Table 7).
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aStudent t-test.

Table 7. Comparison of thyroid volume in patients depending on smoking habit and genotyping results.

 Thyroid volume 
All patients with wild-type (CC) genotype 

Thyroid volume (mL) means + SD 
P value Hyperthyroid patients with wild-type (CC) genotype 

Thyroid volume (mL) means + SD 
P value 

Smokers 82.37 ± 72.10 0.517a 77.87 ± 77.27 0.254a 
Non-smokers 70.70 ± 61.70 55.26 ± 50.86 
 All patients without smoking habits  Hyperthyroid patients without smoking habits  
CC genotype 70.71 ± 61.73 0.284a 55.26 ± 50.86 0.077a 
GC+GG genotype 88.06 ± 61.73  91.23 ± 70.76  

 

DISCUSSION

Nodular thyroid disease, which encompasses solitary or multiple nodules, is 
a heterogeneous disorder. Primary and secondary factors are involved in the etiology of 
nodular goiter (Studer et al., 1989). Today, although the important role of iodine deficiency 
and the growth-promoting contribution of TSH are still recognized, nodular goiter is now 
considered a consequence of an inherited propensity for the thyroid to develop nodules with 
age (Knobel, 2015).

Hereditary transmission in nodular goiter is complex. In addition, the occurrence 
of nodular goiter during adolescence and the association with a clear familial history, even 
in conditions of normal dietary iodine intake, are highly indicative of genetic susceptibility 
(Tajtáková et al., 1998; Langer et al., 1999). This hypothesis is also supported by a study 
on twins (Brix et al., 1999). In addition to major candidate genes such as TG, TPO, NIS, 
the pendrin gene (SLC26A4), and TSHR, genome-wide linkage analysis has identified some 
candidate loci, such as MNG1 on chromosome 14q31, MNG2 on xp22, and other candidate 
loci on chromosomes 2q, 3p, 7q, and 8p in the development of nodular goiter (Bignell et 
al., 1997; Neumann et al., 1999; Capon et al., 2000; Bayer et al., 2004). Moreover, linkage 
studies can miss possible weak genetic defects predisposing to nodular goiter. Therefore, it is 
not negligible that these weak genetic variations on different genome regions might lead to 
goiter predisposition. Furthermore, the widely accepted risk factors such as iodine deficiency, 
smoking, old age, and female gender are likely to interact with and/or trigger genetic 
susceptibility (Krohn et al., 2005).

Germline polymorphisms in the, TSHR gene may be weak genetic factors that 
increase genetic susceptibility to the development of goiter. The TSHR D727E polymorphism 
has been identified as a cause of Graves’ disease (Chistiakov et al., 2002; Chistiakov, 2003), 
Graves’ orbitopathy (Jurecka-Lubieniecka et al., 2014), and TMNG (Gabriel et al., 1999; 
Mühlberg et al., 2000; Sykiotis et al., 2003; Hansen et al., 2007; Tug et al., 2012; Bayram 
et al., 2013) in different populations over the past few years. Although an in vitro study 
showed that the TSHR D727E variant caused an increased cAMP response of the receptor 
to TSH (Gabriel et al., 1999), other studies could not confirm this result (Ban et al., 2002; 
Sykiotis et al., 2003). Indeed, the results of population-based studies regarding the effect of 
the TSHR D727E variant are also conflicting.

D727E, a polymorphism of TSHR within the carboxy terminal intracellular tail, was 
first described by Gabriel et al. (1999) who suggested that it was associated with TMNG 
and its presence was an important predisposing gene. In their study, 8 of 24 patients (33%) 
were heterozygous for the TSHR D727E polymorphism; 9.6% of normal individuals were 
heterozygous for the same polymorphism (P = 0.019) (Gabriel et al., 1999). Several studies 
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have documented the presence of the heterozygote polymorphism of TSHR D727E in nodular 
goiter with varying frequencies ranging from 13 to 46.3% since 1999. The genotype distribution 
and allele frequency of the same polymorphism were reported as 9.6-33% in normal healthy 
individuals (Gabriel et al., 1999; Mühlberg et al., 2000; Sykiotis et al., 2003; Hansen et al., 
2007; Tug et al., 2012; Bayram et al., 2013).

The first study on the relationship between the TSHR D727E polymorphism and 
nodular goiter was reported in a Turkish population by Tug et al. (2012), who did not find any 
association between TSHR D727E and MNG occurrence (9/31 patients with GC (29.03%); 
6/30 controls (20%); no GG genotype detected in both groups; P = 0.4). However, their 
findings are not reliable because of the small sample size of the patients and controls (Tug 
et al., 2012). Another study from Turkey by Bayram et al. (2013) reported that the D727E 
polymorphism G allele frequency and the CG and GG genotypes were significantly more 
frequent in patients with MNG. Although this study had large patient and control groups, 
the results were surprising in that the D727E polymorphism G allele frequency and the CG 
and GG genotypes were significantly higher in patients with MNG [139/300 patients with 
nodular goiter (46.3%); 44/142 healthy controls (33%); P < 0.05]. The frequency of the TSHR 
polymorphism was highest in both the patients and controls in the studies performed to date. 
Therefore, the current study was planned to resolve this discrepancy in the Turkish population.

In this study, although no significant difference was found in the D727E 
polymorphism frequencies between the patients with nodular goiter [26/123 patients (21.1%)] 
and the controls [12/97 patients (12.4%); P = 0.107; Table 2], the frequency of the TSHR 
polymorphism in the hyperthyroid+subclinical hyperthyroid group (23%) was significantly 
higher than in the other groups including the euthyroid patients (9.1%) and the healthy 
controls (12.4%; P = 0.024). Moreover, a statistically significant difference was also found 
between the hyperthyroid+subclinical hyperthyroid group and the euthyroid subgroup (P = 
0.048). Furthermore, statistical power was much higher between the hyperthyroid+subclinical 
hyperthyroid patients and control subjects in comparison with the other groups (P = 0.034; 
Table 3). Therefore, the results in this study are not found to be as high as those reported by 
Bayram et al. (2013) and are more concordant with those reported by Gabriel et al. (1999). 
Moreover, the prevalence of the homozygous GG genotype was detected as 2/123 (1.6%) in 
all the patients, and even the homozygous GG genotype could not be found in the control 
subjects (Table 2). The GG genotype prevalence was much lower than the study by Bayram et 
al. (2013) (10% in patients and 4.9% in controls).

This study suggests that the TSHR gene D727E polymorphism is not important in the 
etiopathogenesis of multinodular goiter, but it might play an important role in the pathogenesis 
of hyperthyroidism, and correspondingly toxic multinodular goiter. The variant receptor might 
demonstrate altered biological behavior, thereby participating in the pathogenesis of TMNG.

Iodine may have a substantial effect on thyroid growth and goiter in iodine-deficient 
areas (Krohn et al., 2005). Turkey is an endemic goiter region in which total goiter prevalence 
was reported to be 31.8% before mandatory iodization in 2002. Although Turkey is generally 
known as an iodine-deficient region, there are some iodine-sufficient regions (Gozu et al., 
2006). In this study, the prevalence of patients from iodine-deficient regions was significantly 
higher than in the controls (31.7 vs 4.1%; P = 0.001; Table 1). This demonstrates that iodine 
deficiency is the primary reason for the development of nodular goiter in iodine-deficient 
regions, as described in the literature.

The goitrogenic action of smoking may be related to the goitrogenic effect of 
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thiocyanate (SCN-) and probably other byproducts of smoke. SCN-, which acts mainly by 
preventing iodine capture, may not be a very important goitrogenic cofactor in iodine-sufficient 
areas (Pontikides and Krassas, 2002). Although not significant, smoker patients with the wild-
type genotype had larger thyroid volumes, contrary to the result reported by Jörn et al. (2008). 
However, it is intriguing that non-smoker hyperthyroid patients carrying the GC genotype 
had a larger thyroid volume, a finding that was close to statistical significance (P = 0.077). 
This result indicates that smoking and/or the TSHR D727E polymorphism might constitute 
an additive risk factor for the development of TMNG. However, to prove this finding further 
studies with larger patient populations are needed.

Approximately 41% of children with thyroid nodules have a family history of thyroid 
disorders (Guille et al., 2015). Therefore, goiter can develop at an early age if there is a family 
history of the disorder. In this study, family history seemed additive to the formation of MNG. 
Prevalence of family history in the patient group was significantly higher compared with the 
controls (38 vs 22.7%; P = 0.015). Moreover, age at disease onset may be earlier if there is 
a family history (36.58 vs 41.48 years; P = 0.036; Table 1). Furthermore, it is statistically 
significant that nodular goiter developed earlier in the patients carrying the GC genotype (35 
years) in comparison with the patients carrying the CC genotype (42 years) in the hyperthyroid 
group (P = 0.009; Table 5). Indeed, the D727E polymorphism was detected in 9 of 29 patients 
(31%) who developed toxic multinodular goiter between the ages of 11 and 18 years in the 
study by Eszlinger et al. (2014). Thus, the D727E polymorphism might predispose to the 
development of goiter at an early age.

Although, no significant difference was found in the TSHR D727E polymorphism 
frequencies between the patients with nodular goiter and the controls in this study, a significantly 
higher frequency of the D727E polymorphism was observed in the hyperthyroid+subclinical 
hyperthyroid patient group. Therefore, one may suggest that this polymorphism causes 
hyperthyroidism, as described in the literature (Gabriel et al., 1999; Mühlberg et al., 2000; 
Sykiotis et al., 2003; Hansen et al., 2007; Tug et al., 2012; Bayram et al., 2013). Although this 
variant was not constitutively activating, there was an altered response to TSH associated with 
increased cAMP generation when compared with that in the wild-type, indicating that it does 
possess somewhat altered biological behavior with respect to adenylate cyclase activation, 
thereby participating in the pathogenesis of TMNG. However, more importantly, the TSH level 
in the healthy controls carrying the TSHR D727E (GC) variant was close to significantly lower 
(1.26 ± 0.49), compared with those carrying the TSHR 727D (CC, wild-type) variant in the 
control subjects (1.74 ± 0.84; P = 0.053; Table 6). As a point of fact, it was also demonstrated 
that the TSHR D727E allele was associated with decreasing TSH levels in 1241 healthy Danish 
twins, but not associated with thyroid size (Hansen et al., 2007).

In healthy subjects, thyroid hormone bioactivity varies with inter-individual variability, 
which is caused by both genetic and environmental factors (Peeters et al., 2006). Genetic 
factors account for about 65% of the variation in serum TSH, fT4, and fT3 levels (Andersen 
et al., 2002; Hansen et al., 2004). Therefore, the polymorphism we studied might also be 
associated with a decreased level of TSH in healthy controls. Therefore, control subjects with 
the D727E polymorphism should be followed-up regularly for development of nodular goiter 
and hyperthyroidism, even though their hormones and thyroid texture are normal.

In conclusion, our findings indicate that the TSHR D727E polymorphism is significantly 
associated with TMNG in Turkish patients. However, the results of the studies on this subject 
are still controversial because the development of MNG is multifactorial. More importantly, 
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it is clear that TMNG might develop earlier in patients with the D727E polymorphism. Thus, 
these patients are more susceptible to TMNG. Furthermore, the mean TSH levels of the control 
subjects carrying the TSHR D727E polymorphism were close to being significantly lower, 
although all of their thyroid parameters were normal. Therefore, further case-control studies 
with larger populations are required to confirm these findings.
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