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Abstract

Background: Thyroidectomized patients need variable doses
of levothyroxine (LT,) to obtain target thyroid-stimulating hor-
mone (TSH) levels. Individual feedback set-points have been
hypothesized and the influence of several genes in the regula-
tion of the pituitary-thyroid axis has been demonstrated. Ob-
jectives: We hypothesized that genetic variants of the TRHR
gene could be associated with a different hypothalamo-pitu-
itary sensitivity to thyroid hormone feedback. Methods: We
retrospectively analyzed 84 thyroidectomized patients with no
residual thyroid function and undetectable thyroglobulin lev-
els. Patients were evaluated under LT, resulting in TSH levels
detectable but <0.5 plU/ml. The two SNPs rs3134105 and
rs3110040 were identified as informative markers of the TRHR
gene. Genotyping was performed using high-resolution melt-
ing technology. Genotype distribution was compared be-
tween the patients and 99 euthyroid controls. Results: The se-
lected SNPs werein linkage disequilibrium and only rs3134105
was further considered. A significant difference between the
three possible genotypes forrs3134105 was found for TSH (p =
0.04) and free thyroxine (fT4)/TSH ratio (p = 0.02). Moreover,

despite similar serum concentrations of free triiodothyronine
(fT3) and fT,, carriers of at least one A allele of rs3134105 had
significantly lower serum TSH levels (p =0.01) as well as higher
fT3/TSH (p=0.01) and fT4/TSHratios (p <0.01). Conclusions: We
demonstrated an association between serum TSH levels and
discrete alleles of the TRHR gene in totally thyroidectomized
patients under LT, therapy. Therefore, the TRHR gene seems to
be a determinant of hypothalamo-pituitary sensitivity to LT,.

© 2014 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

Clinical experience suggests that the replacement dose
of levothyroxine (LT,) in thyroidectomized patients is
widely variable [1] and defined, in clinical practice, con-
sidering the levels of thyroid-stimulating hormone (TSH)
and free thyroxine (fT}) [2].

Many factors are involved in thyroid hormone require-
ment [3], such as age [4], body weight [5], residual thyroid

This work won the Poster Prize at the 14th European Congress of En-
docrinology, Florence 2012.
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function [6], timing of LT, administration [7], food and bev-
erages [8], concomitant medications [9], high-fiber intake
[10], gastrointestinal diseases [11] and, finally, patient com-
pliance [12]. The mostly used approach to define appro-
priate LT, dose, especially in athyreotic subjects, is to calcu-
late the starting dosage based on body weight [13] and then
to refine according to biochemical controls: each patient
needs different doses of LT, to obtain TSH suppression [14].

Besides these factors influencing directly levels of free
triiodothyronine (fT;) and fT,, a predetermined ‘thyroid
function set-point’ has been hypothesized so that the in-
dividual genetic background influences the regulation of
the hypothalamo-pituitary-thyroid (HPT) axis [15]. Be-
cause of the absence of residual thyroid function, thyroid-
ectomized patients represent a good model to study de-
terminants of hypothalamo-pituitary sensitivity (HPs) to
LT,. Individual differences in LT, requirements could be
justified by the presence of genetic variants, such as single
nucleotide polymorphisms (SNPs), in the genes involved
in the determination of thyroid hormone levels. Several
genes of the HPT axis have been analyzed in relation to
the thyroid function set-point: thyroid-stimulating hor-
mone receptor [16], iodothyronine deiodinase 1 [17, 18],
iodothyronine deiodinase 2 [17-21], iodothyronine deio-
dinase 3 [22], monocarboxylate transporter 8 [23], mono-
carboxylate transporter 10 [24], several members of the
organic anion transporting polypeptide family [24], thy-
roxine-binding globulin [25] and thyroid hormone re-
ceptors a and B [22, 26].

In this study, we selected the TRHR gene, which was ne-
glected so far in association studies, in spite of its biological
function in HPT axis regulation. Thyroid-releasing hor-
mone (TRH) produced in the hypothalamus stimulates
biosynthesis and secretion of TSH from the pituitary [27],
which in turn stimulates biosynthesis of thyroid hormones
[28]. The maintenance of euthyroidism is dependent on
TRH regulation of TSH synthesis and secretion [27] as
well as on feedback regulation by thyroid hormones, sup-
pressing preproTRH expression and TSH secretion [29].

We hypothesized that genetic variants of TRHR could
be associated with the HPs to the thyroid hormone-neg-
ative feedback. To investigate this, we assessed selected
SNPs in the genomic region encompassing the TRHR
gene, using thyroidectomized patients treated with LT,
asamodel. We selected two informative markers accord-
ing to the current recommendations for genetic case-
control association studies [30]: this approach allows to
test the association between the chosen gene (TRHR) and
the clinical parameter (HPs to thyroid hormones) with-
out assuming any causal role for the selected SNPs.
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Materials and Methods

Ethics Statement

Written informed consent was obtained from all participants
and the study protocol was approved by the local Ethics Commit-
tee of Modena (No. 122/08). No minors/children participants were
involved in the study.

Subjects

With a retrospective study design (fig. 1), we selected 230 pa-
tients (161 females, 69 males) recruited among outpatients attend-
ing the endocrinological oncology unit, who agreed to donate a
DNA sample for retrospective association studies on differentiated
thyroid cancer (DTC). 99 volunteers (61 females, 38 males) served
as controls in order to exclude the association between genotype
and occurrence of thyroid cancer.

Clinical data of the patients were collected using the institu-
tional database Endobase, built and modified from Androbase
[31], using an open-source technology which allows the extraction
of experimental data ready to be analyzed.

Inclusion criteria were: Caucasian ethnicity, total thyroidecto-
my for thyroid carcinoma followed by radioactive iodine (RAI)
therapy, undetectable thyroglobulin (TG) during follow-up. TSH
values were detectable but <0.5 uIU/ml, according to the target
suggested for patients considered at low risk of DTC recurrence or
at high risk but with a negative follow-up for at least 5 years [32,
33].

Exclusion criteria were: gastrointestinal diseases, medications
interfering with LT, absorption/metabolism and medullary carci-
noma.

According to the inclusion criteria, the selected patients should
have no residual thyroid function and their thyroid hormones lev-
els should be considered secondary to LT, exogenous therapy. 84
patients (55 females, 29 males) were considered eligible.

All patients underwent physical examination (height, weight
and body mass index (BMI)) and blood sampling at 08:00 a.m.,
before LT, tablet ingestion, in order to measure TSH, {T5, fT4, TG
and anti-TG antibodies (Ab anti-TG). They were genotyped for
rs3134105 and rs3110040 of the TRHR. One patient was excluded
because the two SNPs were not in linkage disequilibrium (LD): the
final patient group consisted of 83 subjects.

Controls were selected among Caucasian volunteers recruited
asa control group for a case-control study on thyroid cancer. None
of the participants had a personal history of thyroid disease and
had ever been exposed to ionizing radiations. They presented nor-
mal thyroid ultrasounds and no signs of dysthyroidism. Thyroid
hormone levels were not measured in this group. They underwent
genotyping for rs3134105 and rs3110040: 2 subjects were excluded
because the two SNPs were not in LD. The final control group con-
sisted of 97 subjects.

Criteria for SNPs Selection

The genomic region corresponding to the TRHR gene was an-
alyzed using the online database ‘HapMap’ (http://hapmap.ncbi.
nlm.nih.gov/) to select the SNPs to be used as markers. We identi-
fied a genomic region of ~20 kb encompassing the promoter, the
first two exons and part of intron 2 of TRHR, which was contained
in one large LD block (fig. 2). We then performed a frequency
analysis of the 13 mapped SNPs, searching those with frequency
close to 50% and not located in a region of low complexity. Using
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230 patients
in follow-up for DTC provided a DNA sample

Excluded: 146 patients

(incomplete tests, diagnosis of medullary
carcinoma, absence of total thyroidectomy
or RAI therapy, detectable TG during follow-up,
possible LT4 therapy malabsorption,

TSH undetectable or >0.5 pylU/ml)

Height, weight, BMI
TSH, T3, fT4, fT3/fT4, fT3/TSH, <
fT4/TSH, Ab anti-TG,

LT4 dose, LT4 dose/kg

| 84 patients D 99 healthy controls
(negative thyroid ultrasound)
Genotyping for
> rs3134105 ¢
| 1 excluded: not in LD |<— and 4>| 2 excluded: not in LD |
rs3110040
83 patients | :I 97 controls in LD |

Fig. 1. Study design of 230 patients recruited attending the endocrinological oncology unit.

the Haploview software (Harvard University and Massachusetts
Institute of Technology, Mass., USA), we performed a linkage
analysis to verify that target SNPs were within a LD block [30, 34].
After calculation of the minor allele frequency (MAF) and degree
of allelic correlation between LD blocks [30], we finally selected
rs3134105 and rs3110040 as the haplotype markers.

The TRHR gene is located at chromosome 8q23.1, spanning 35
kb. The first selected SNP, rs3134105, is located at about +2,000 bp
in the second intron (between the second and third exon), while
rs3110040 is located at about —4,000 bp upstream of the transcrip-
tional start site. Moreover, rs3134105 presents a MAF = 39% for C
allele, while rs3110040 presents a MAF = 40% for A allele. Given
these characteristics the two SNPs were expected to be informative
tags of two frequent alleles (240%) within our study population.

Laboratory Analyses

The hormonal data were collected from patients referred from
the province and coming to the doctor’s office with analyses per-
formed in different laboratories. Moreover, different assay meth-
ods were used over the years. Considering the retrospective study
design, it is not possible to identify with certainty the different as-
say methods used by the laboratories over the years. However, in
alllaboratories, the second-generation TSH assays (functional sen-
sitivity: 0.1-0.2 pIU/ml) were abandoned in 2005, in favor of the
third-generation assays (functional sensitivity: 0.01-0.02 uIU/ml).
In this study, only 8 patients out of 83 obtained a TSH measure-
ment before 2005, i.e. by second-generation assay.

Genomic DNA was purified from total peripheral blood
(monocytes and leukocytes) with a Nucleon BACC1 kit (GE
Healthcare, Milan, Italy). DNA concentration was quantified with
a UV spectrophotometer UV-1601 (Shimadzu, Milan, Italy). Ge-
notyping for the SNPs was performed using high-resolution melt-

TRHR and Central Sensitivity to
Levothyroxine

ing (HRM) technology on a CFX96 real-time PCR detection sys-
tem (Bio-Rad, Laboratories, Hercules, Calif., USA).

All raw data (preliminary melting curves) of HRM were ana-
lyzed with two specific softwares, CFX Manager (Bio-Rad) and
Precision Melt Analysis (Bio-Rad). Uncertain results were veri-
fied by conventional sequencing using a 4-capillary AB-Prism
3130 Genetic Analyzer (Applied Biosystems, Foster City, Calif.,
USA).

Statistical Analysis

Non-parametric tests were used for comparisons since most of
the variables were not normally distributed (D’Agostino and Pear-
son normality test). Statistical analysis was performed by a non-
parametric Kruskal-Wallis test and Dunn’s post-test for multiple
comparison or the Mann-Whitney U test where appropriate. De-
viation from the Hardy-Weinberg equilibrium was analyzed using
X2 test. p was considered significant when <0.05.

Results

The mean age of patients was 55 + 14 years (min 18,
max 83) and the mean age of controls was 44 + 14 (min
28, max 80, p < 0.05 vs. patients). Given the perfect LD
between the two SNPs, all subsequent analyses refer to
rs3134105 only.

83 thyroidectomized patients (55 females and 28
males) were compared to 97 controls to evaluate frequen-
cy distribution of the TRHR alleles in the two groups. Pa-
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Fig. 2. The chosen LD block in the genomic region encompassing
a TRHR-relevant portion. This figure shows rs3134105 and
rs3110040 (red-rimmed) and their location. The framed triangle

tients and controls did not differ for allele frequency of
rs3134105 (p = 0.18).

Subjects may be homo- or heterozygous for each allele
with the expected frequency: possible genotypes for
rs3134105 are AA, AG and GG. The MAF resulted in be-
ing 39.39% in patients and 45.92% in controls (p = 0.91).
Genotype distribution was not statistically different in
patients and controls (p = 0.38), suggesting that allelic
variants of the TRHR gene are not involved in DTC
pathogenesis. The genotypes of both patients and con-
trols were in Hardy-Weinberg equilibrium (p > 0.05).

The distribution of genotypes (AA+AG vs. GG) be-
tween patients tested before (n = 8) and after 2005 (n =

104 Eur Thyroid J 2014;3:101-108
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F=

defines the LD block identified by Haploview. Red squares repre-
sent strong LD (100%). Red tone and LD percentage (numbers in
the squares) decrease with reduction in LD strength.

75), year of transition from the second- to the third-gen-
eration TSH assay, did not differ (x* p = 0.75). The same
results were found in relation to gender (x% p = 0.27) and
age, comparing subjects older and younger than the cal-
culated median age (56 years) (x*, p = 0.97).

TG was undetectable for all patients. Dividing the pa-
tients into three groups according to genotype (table 1),
no differences were observed in age (p = 0.84) and age at
diagnosis of DTC (p = 0.99). Regarding weight and BMI,
there were no differences among the three groups (re-
spectively p = 0.71; p = 0.34). No significant differences
were found in serum levels of fT5 (p = 0.59), fT, (p = 0.16),
Ab anti-TG (p = 0.48), fT;/fT, ratio (p = 0.76) and T3/

Brigante et al.

Color version available online



B p = 0.05 B p =0.02 B p =0.04
~ 600 ~ 2,000 n -39 0.4
Py n =39 >
=) 2 1,500 =t = 034 n=32 n=39
3 400 A n=12 2 £
2 € 1,000 n=32 2 02 n=12
o n=32 a Z
= 200 = T
5 T 5 500 © 014
E"’  e— | e— | [ 1 E’ — —7— — L
O T T 1 0 T T 0 T T 1
GG AG AA GG AG AA GG AG AA
a rs3134105 b rs3134105 c rs3134105

Fig. 3. TSH and thyroid hormones/TSH ratios in patient groups  considered significant when <0.05. AA = Homozygotes adenine-
subdivided according to the rs3134105 genotype. a fT3/TSH ratio. ~ adenine; AG = heterozygotes adenine-guanine; GG = homozy-
b fT4/TSH ratio. ¢ TSH. Data were analyzed using the Kruskal-  gotes guanine-guanine.

Wallis test and Dunn’s post-test for multiple comparison. p was

Table 1. Subjects’ characteristics and distribution according to the genotype of rs3134105

NR AA (n=12) AG (n=39) GG (n=32) p value
Age at diagnosis, years NA 49 (21-72) 48 (14-72) 48 (21-75) 0.9916
Age, years NA 60 (32-83) 54 (18-79) 55.5 (29-81) 0.8412
Histology, NA NA 11P;1F 39P 26P,4F;2H NA
Weight, kg NA 78.5 (42-104) 71 (51.5-135.5) 69.5 (52-115.5) 0.7084
BMI, kg/m2 18-25 25.56 (17.71-40.12) 25.81 (18.21-42.77) 25.02 (20.45-33.38) 0.3368
TSH, uIU/ml 0.35-4.94 0.10 (0.01-0.18) 0.08 (0.01-0.29) 0.12 (0.02-0.28) 0.0411
£T5, pmol/l 2.6-5.7 4.54 (3.23-5.38) 4.46 (3.38-5.38) 4.31 (3.38-5.54) 0.5858
fT,, pmol/l 9-19.2 16.79 (14.74-20) 16.67 (14.23-22.56) 15.64 (12.31-24.74) 0.1604
Ab anti-TG, TU/ml 0-60 19.85 (1-46.90) 28.40 (1-48.20) 23.90 (14-29) 0.4832
LT, dose, pg/day NA 110.71 (64.28-175) 132.14 (85.71-200) 103.57 (78.57-225) 0.1348
LT, dose/kg, pg/kg/day ~ NA 1.42 (1.12-2.64) 1.62 (0.93-2.95) 1.53 (1.22-2.44) 0.4233
£T,/fT,, NA NA 0.28 (0.19-0.32) 0.27 (0.20-0.34) 0.27 (0.15-0.38) 0.7627
fT3/TSH, NA NA 57.44 (24.85-369.23) 55.77 (13.79-523.01) 34.96 (12.53-200) 0.0511
fT,/TSH, NA NA 200 (81.91-1,525.64) 224.18 (51.74-1,794.87) 122.54 (57.20-839.74) 0.0211

Data were analyzed using the Kruskal-Wallis test and Dunn’s post-test for multiple comparison. p was considered significant when
<0.05. Results are expressed as median (min-max). NR = Normal range; NA = not applicable; AA = homozygotes adenine-adenine;
AG = heterozygotes adenine-guanine; GG = homozygotes guanine-guanine; P = papillary; F = follicular; H = Hurtle cells.

TSH ratio (p = 0.05) (fig. 3a). Conversely, a significant These results suggest that the carriers of at least one A
difference was found for fT,/TSH ratio (p = 0.02) and allele of the rs3134105 SNP have significantly lower TSH
TSH (p = 0.04) (fig. 3b, ¢). levels in the presence of the same concentrations of {T;
Considering that both fT3/TSH and fT,/TSH were and fT4, obtained by similar doses of exogenous LT,.

higher in carriers of at least one A allele, we then subdi-

vided patients into two groups, A carriers (genotypes AA/

AG) versus non-carriers (genotype GG), reflecting a dom- Discussion

inant genetic model. No significant difference was found

in LT, dose (p = 0.24) (fig. 4a), fT5 (p = 0.33) (fig. 4b), T, This study demonstrates an association between TSH
(p = 0.06) (fig. 4c) and in fT3/fT, (p = 0.48) (fig. 4d). In  levels and discrete alleles of the TRHR gene, which repre-
contrast, A carriers demonstrated significantly lower TSH  sents a determinant of HPs to LT,. In order to increase
levels (p = 0.01) (fig. 5a) as well as higher fT5/TSH (p = the definition of discrete alleles and to analyze the asso-
0.01) (fig. 5b) and fT,/TSH (p < 0.01) (fig. 5¢). ciation with the entire LD block and not only with spe-

TRHR and Central Sensitivity to Eur Thyroid ] 2014;3:101-108 105
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Fig. 5. TSH and thyroid hormones/TSH ratios in patient groups
subdivided according to the rs3134105 genotype. Subjects are di-
vided into homozygotes GG, homozygotes AA and heterozygotes

cific SNPs, we chose two SNPs in LD, considered as infor-
mative markers of a wider genome region. Thus, the se-
lected SNPs are not expected to be directly involved in the
HPs to thyroid hormones.

A significant difference between the three genotype
groups was found with regard to TSH and fT,/TSH, sug-
gesting a different HPs. In particular, fT4/TSH and fT;/
TSH in GG subjects were significantly lower than in AG
subjects. This finding indicates that these individuals may
have a decreased HPs to thyroid hormone-negative feed-
back.

Given the limited number of subjects in each group,
we then considered a recessive model: a highly significant

106 Eur Thyroid J 2014;3:101-108
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AG. aTSH. b fT5/TSH ratio. ¢ fT4/TSH ratio. Data were analyzed
using the Mann-Whitney U test. p was considered significant
when <0.05.

association of A allele with TSH, fT5/TSH and fT,/TSH
was found. Homozygotes GG produce and secrete more
TSH, despite comparable doses of LT, and levels of free
thyroid hormones. Indeed, no difference was found with
regard to T3, fT4 and LT, dose, reinforcing the conclu-
sion of a different pituitary response to comparable levels
of peripheral thyroid hormones.

We selected a population with the lowest possible
number of factors affecting LT, dose requirement: all pa-
tients underwent total thyroidectomy and RAI therapy,
with undetectable TG at follow-up. Thus, we considered
that they no longer had any residual thyroid function, the
main confounding factor in studies on this topic [6]. Our

Brigante et al.



strict exclusion criteria (especially gastrointestinal dis-
ease and medications interfering with LT, absorption or
metabolism) allowed to further reduce the influence of
external confounding factors. Moreover, when subdivid-
ed into genotype groups, the selected patients resulted in
being similar in weight, BMI and age, factors to be con-
sidered in the study of HPT axis regulation [3].

No differences in LT, dose and fT, levels were found
between genotypes, suggesting indirectly a correct thera-
py intake and no differences in absorption and metabo-
lism of LT, Moreover, no significant differences were
found considering fT3, fT, and fT5/fT4, suggesting a com-
parable activity of the other genes involved in the thyroid
function set-point [16-26].

The retrospective design represents a limit of our
study, especially concerning the different assay methods
that have occurred over the years. In any case, the distri-
bution of genotypes before and after the year of transition
from the second- to third-generation assays did not dif-
ter, indicating that TSH variations in relation to the gen-
otype should not depend on the assay used. Moreover the
distribution of genotypes did not differ in relation to gen-
der and age. Together, these data suggest that all these
factors should not influence the outcome of our study.

The association of A allele with lower TSH levels might
reflect a higher HPs to the negative feedback by thyroid
hormones due to possible differences in gene transcription
and/or activity of TRHR. This could be due to differences
in gene transcription mediated by changes in the promot-
er activity or in the activity of intronic response elements.

The role of TRHR SNPs in HPT axis regulation is still
a matter of debate. Although several genes may be in-
volved in thyroid hormone feedback, the different levels
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