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INTRODUCTION PAX8 and NKX2.5 are active in thyroid development

(4), and are possible candidates for TD. Mutations in

hyroid dysgenesis (TD) is the major cause of con-
the TSH receptor (TSHR) cause hypothyroidism of -

genital and permanent hypothyroidism. Most ca-
ses are sporadic, affecting more females, and frequently ~ Variable severity via thyroid hypoplasia (5).
associated to heart defects (1). Clinical presentation of PAX8 is a member of the PAX family of transcription
TD includes athyreosis, the absence of thyroid tissue,  factors, active in several germline tissues in the human em-
hemiagenesis, the presence of only one thyroid lobe,  bryo (6). PAX8 is crucial to follicular development and
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hypoplasia, and ectopia (2,3). Transcription factors  thyroid hormone production induced by many genes.
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Few patients with congenital hypothyroidism caused by
ectopia or athyreosis have PAX8 mutations inherited in an
autosomal dominant fashion (7-9).

NKX2.5 is a homeobox-containing transcription fac-
tor essential to heart morphogenesis. In mouse embryos,
Nkx2.5 transcripts were observed in thyroid precursor cells
in the pharyngeal floor. In later stages of development,
Nkx2.5 expression is limited to the thyroid primordium
area. Mutations in NKX2.5 have been described not only in
patients with heart defects, but also in patients with thyroid
ectopia or athyreosis without heart involvement (1,10).

Inactivating mutations in TSHR have been described
in patients with congenital hypothyroidism and thyroid
hypoplasia. Some of these patients had been diagnosed
with athyreosis, but serum thyroglobulin was detectable,
denoting thyroid tissue that was not visible by conventio-
nal imaging methods (11). The definition of hypoplasia
is extremely difficult due to many variables that determi-
ne thyroid size in childhood, such as gender, age, height,
body surface area, puberty, and iodine sufficiency. In prior
studies, we used ultrasound in combination with thyroid
scan and serum thyroglobulin levels to more precisely de-
fine primary congenital hypothyroidism (12).

In addition to defining the conditions of ectopia,
athyreosis, and thyroid hypoplasia in patients with perma-
nent and primary hypothyroidism using a combination of
ultrasound, thyroid scan, and serum thyroglobulin levels,
the aim of this study was to define candidate genes and sear-
ch for mutations related to various clinical presentations of
TD. Since PAXS8 and NKX2.5 genes are involved in all
steps of thyroid development (formation, migration, di-
fferentiation, and proliferation), these transcription factors
were studied in all patients with TD. The TSHR gene was
studied only in patients with thyroid hypoplasia, since this
gene is involved only in the proliferation of thyroid cells.

SUBJECTS AND METHODS

Twenty-seven patients aged 3-19 years, diagnosed with
primary congenital hypothyroidism were recruited in
the outpatient clinic of the Association for Parents and
Friends of Disabled Individuals (APAE), Sio Caetano,
¢ and referred to the Governmental Neonatal Screening
Service to be studied at the Hospital das Clinicas —
MUSP (12). Informed consent was obtained from all
arents, and the protocol was approved by the Ethics
ommittee of the Institution. Patients underwent co-

_ lor Doppler ultrasound (CD-US), combined serum
- thyroglobulin (TG) measurement, and thyroid scan
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with uptake of 99Tc Pertechnetate (***Tc) and radio-
active iodine ('3'1).

CD-US was performed using a Phillips scanner with
a7.5-12 MHZ transducer focusing on the thyroid gland
and cervical region, from the mandible bone to the manu-
brium. Total thyroid volume was calculated as described
elsewhere (13,14), and compared according to height,
sex, age, and body surface area.

After a four-week washout with no levothyroxine treat-
ment, total T3 and T4, free T4 (FT4), TSH, thyroglobulin
(TG) and anti-TG antibody were measured in all patients
by immunofluorometric assays (Autodelfia® Wallac Oy,
Turku, Finland). Patients with anti-T'G antibodies were ex-
cluded from the study. A radionuclide scan was performed
after the four- week levothyroxine washout and two weeks
on a low iodine diet. Uptake of ¥ (5 pCi) was measu-
red at 2 and 24 h after oral administration. Similar uptake
measurements were carried out on the following day after
intravenous injection of **T¢ Pertechnetate (10 mCi).

Athyreosis diagnosis was determined when no thyroid
was visualized by any of the imaging techniques used (CD-
-US and scan). Thyroid hypoplasia was diagnosed when to-
tal thyroid volume measured by CD-US was calculated to
be less than 2 SD from the normal value for height, gender,
chronological age, and body surface area. Ectopia was diag-
nosed when thyroid tissue was observed outside the normal
bed. After patients were diagnosed and classified according
to the various clinical presentations of TD, the TSHR gene
was studied only in patients with thyroid hypoplasia. The
PAX8 and NKX2.5 genes were studied in all patients.

Mutation screening by DNA sequencing

DNA was extracted from peripheral leukocytes (15).
Coding regions and exon-intron boundaries of the
candidate genes were amplified by PCR and sequenced
using the ABI Prism 3130 x/ (Applied Biosystems, Fos-
ter City, CA, USA), as previously described (1,7). DNA
from 50 adults with normal thyroid function was used
for comparison in gene sequencing.

RESULTS

We studied 27 nonconsanguineous patients (20 female)
aged 3 to 19 years (median 4.6 years) with TD (Table 1).
All patients presented high TSH levels after 4 weeks of
levothyroxine suspension, confirming the diagnosis of
primary congenital hypothyroidism. No patients had
heart defects detected by echocardiogram. All had nor-
mal kidney function. None had respiratory insufficiency.
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Table 1. Clinical and serum thyroglobulin levels from patients with thyroid
dysgenesis

Diagnosis Ectopia Athyreosis Hypoplasia
FIM* 121 21 5/6
Thyroglobulin (ng/mL)* 4.5-123 <1.0 4.0-65.2
(NR: 1.7-35)

PAX8 No mutation No mutation No mutation
NKX2.5 No mutation No mutation No mutation
TSHR No mutation No mutation

* F: female; M: male; T Minimal and maximal serum thyroglobulin levels; NR: normal reference
values.

Twelve patients were diagnosed with ectopia, having
thyroid tissue in the submandibular region observed on
thyroid scan. One additional patient presented ectopia as-
sociated with left lobe hemiagenesia. Thyroglobulin levels
of the 13 patients with ectopia ranged from 4.5 to 123
ng/mL (mean and SD = 46.2 + 37.9 ng/mL, median
28.4 ng/mL) (Figure 1).

Eight patients were diagnosed with thyroid hypopla-
sia, having less than 2 SD of the normal thyroid volume, as
assessed by CD-US. Thyroglobulin levels of these patients
ranged from 6.8 to 65.2 ng/mL (mean and SD = 34.7 =
18.6 ng/mL, median 35.2 ng/mL) (Figure 1).

Six patients were diagnosed with athyreosis using CD-
-US and thyroid scan. However, 3 of these 6 patients had
measurable thyroglobulin levels 0f4.0, 5.4, and 9.1 ng/mL.
Therefore they were reclassified as having thyroid hypo-
plasia.

The coding regions and exon-intron boundaries of the
PAX8 and NKX2.5 genes were fully sequenced in all 27
patients with TD. We identified no mutations. The single
nucleotide polymorphism (SNP) rs2277923 (www.ncbi.
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Figure 1. Serum thyroglobulin levels (ng/dL) comparison among thyroid
dysgenesis.
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nlm.nih.gov/snp) within the NKX2.5 gene was detected
in 93% of patients, but the differences in the allele and
genotype frequencies between patients and controls were
not statistically significant (p > 0.05).

The coding regions and exon-intron boundaries of the
TSHR gene were fully sequenced in the 8 patients with
thyroid hypoplasia and in the 3 patients with athyreosis
who were reclassified as having thyroid hypoplasia due to
detectable serum thyroglobulin. Similarly, no mutations
were identified.

DISCUSSION

Thyroid dysgenesis (TD) comprises a broad spectrum of
clinical presentations, including athyreosis, hemiagenesia,
hypoplasia, and ectopia. All cause definitive hypothyroi-
dism. It is possible that each subgroup of TD could be
caused by a specific genetic modification (1). We therefore
decided to better define each clinical presentation in order
to more efficiently search for the involvement of candidate
genes.

Kreisner and cols. suggested an initial approach with
ultrasound to define congenital hypothyroidism (16). If
the thyroid gland was absent, TD is the most probable
diagnosis, with athyreosis or ectopia. If the thyroid gland
was present at ultrasound, more exams are necessary to
establish the etiology. Combined use of ultrasound and
serum thyroglobulin measurement allows the differentia-
tion between patients with ectopia, athyreosis, and thyroid
hypoplasia. For example, we were able to reclassify three
patients who had been misdiagnosed with athyreosis using
only imaging methods. The presence of serum thyroglo-
bulin in these patients revealed that their correct diagnosis
was actually thyroid hypoplasia. Since thyroid scan is more
difficult to perform, serum thyroglobulin measurement is
an important tool in the differential diagnosis of TD, and
should be routinely performed in cases of primary con-
genital hypothyroidism. Patients with undetectable serum
thyroglobulin, in the absence of anti-thyroglobulin anti-
bodies, certainly present athyreosis or thyroglobulin defi-
ciency (dyshormonogenesis). In thyroglobulin deficiency,
the presence of the thyroid, palpable or visible on the ul-
trasound, enables dyshormonogenesis diagnosis (12).

In this study, all 27 patients with TD were screened for
mutations in the PAX8and NKX2.5 genes, since these are
transcription factors involved in thyroid embryogenesis.
Mutations in these genes have been previously described
in cases of athyreosis, ectopia, and hypoplasia (7,8,10,17-
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nes in our cohort. The only variation we observed was
SNP 1rs2277923 within the NKX2.5 gene, which is a sy-
nonymous variation, and does not cause an amino acid
change. However, we do not believe this SNP to be rela-
ted to TD since the frequency of the SNP within patients
and controls was not significantly different. In the patients
with thyroid hypoplasia, we looked for mutations in the
TSHR gene, but found none.

Our negative findings demonstrate the rare genetic
etiology in sporadic cases of TD, at least in genes known
to be involved in the formation and migration of folli-
cular cells. Several previously studies in different ethnic
populations with TD did not find mutations, either, par-
ticularly in sporadic cases (1,7,9,21-27) (Table 2). It is
likely that other epigenetic factors determine TD, such
as differential gene expressions or methylation (28,29).
Considering the candidate genes for TD described above
in a large number of negative patients with different gene-
tic backgrounds studied so far, including those from our
group, we can conclude that TD should be weakly corre-
lated with inherited genetic defects. This finding make it
necessary to carry out further molecular analyses, as the
genes that are known to cause the disorder account for
only very few cases.

Table 2. Frequency of described mutations in PAXS, NKX2.5 and TSHR
genes in thyroid dysgenesis cohorts

Author PAX8 NKX2.5 TSHR Reference

Al Taji and cols. 1170 0/15 21
(0.6%)

Alves and cols. 0/90* 22

Camilot and cols. 0115 3/16 23-24

(18.7%)
Cangul and cols. 0/120 0/120 6/120* 25
(5%)

Esperante and cols. 0/60 26

Lanzerath and cols. 0/95 9

Macchia and cols. 3/120 7
(2.5%)

Mahjoubi and cols. 0/50 27

Ramos and cols. 1/35 0/35 0/35 1
(2.9%)

Total estimated 0.75% 0% 3.9%

frequency®

# Only exon 10 TSHR was studied. * Only familial thyroid dysgenesis. & Based on total cohort
from cited authors.
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