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ABSTRACT

A 29 yrs-old patient was referred to our hospital due to generalized convulsions.
She had hyperthyroidism treated with methimazole. Her MRI showed 4 meta-
static lesions in the brain. She had a goiter with a “cold” nodule and a palpable
ipsilateral lymph node. The FNAB disclosed a papillary thyroid carcinoma. Under
5 mg of MMI treatment, she had a subclinical hyperthyroidism and TRAb were
47.8% (n.v. < 10%). The CT scan also showed lung metastasis. She underwent a
total thyroidectomy with a modified neck dissection and she received an accu-
mulated radioiodine dose of 700 mCi during the following two years. She died
from the consequences of multiple metastatic lesions. Studies were performed
in DNA extracted from paraffin-embedded tissue from the tumor, the metastatic
lymph node and the non-tumoral thyroid. The genetic analysis of tumoral DNA
revealed point mutations in two different genes: the wild type CAA at codon 61
of N-RAS mutated to CAT, replacing glycine by histidine (G61H) and the normal
GCC sequence at codon 623 of the TSHR gene was replaced by TCC, changing
the alanine by serine (A623S). In the non-tumoral tissue no mutations were
found. In vitro studies showed a constitutive activation of the TSHR. It is very
probable that this activating mutation of the TSHR is unable to reach the end
point of the PKA cascade in the tumoral tissue. One possibility that could explain
this is the presence of a cross-signaling mechanism generating a deviation of the
TSH receptor cascade to the more proliferative one involving the MAPKinase,
giving perhaps a more aggressive behavior of this papillary thyroid cancer. (Arq
Bras Endocrinol Metab 2008; 52/7:1194-1200)
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RESUMO

Desfecho Fatal de uma Paciente com Carcinoma Papilifero de Tiréide e Doenca
de Graves: Possivel Implicacao do Mecanismo de Sinalizagao Cruzada.

Paciente de 29 anos foi encaminhada ao Hospital de Clinicas por causa de con-
vulsdes generalizadas. Apresentava hipertiroidismo tratado com metimazol (MMI).
A ressonancia magnética mostrava quatro lesbes metastaticas cerebrais. Possuia
bécio com ndédulo frio e linfonodo palpavel ipsilateral. Usando 5 mg de MMI, a
paciente apresentava hipertiroidismo subclinico e TRAb = 47,8% (normal < 10%).
A tomografia computadorizada também mostrava metastases pulmonares. A pa-
ciente foi submetida a tiroidectomia total com dissecc¢éo cervical modificada e re-
cebeu dose acumulada de radioiodo de 700 mCi durante o periodo de dois anos.
Foi analisado o DNA extraido de tecido emblocado em parafina do tumor, do lin-
fonodo metastatico e de tecido tiroidiano nao-tumoral. Foram encontradas muta-
¢bes pontuais em dois genes: uma substituicdo do gendtipo selvagem CAA no
cédon 61 de /N-RAS/ por CAT, substituindo a glicina pela histidina (G61H) e uma
substituicdo da seqiiéncia normal GCC no cédon 623 do gene TSHR por TCC, tro-
cando a alanina pela serina (A623S). Nao foram encontradas mutagdes no tecido
nao-tumoral. Estudos in vitro mostraram ativacao constitutiva de TSHR. Ja que
esta mutacao ativadora de TSHR foi incapaz de atingir o final da cascata PKA no
tecido tumoral, sugere-se que um mecanismo de cross-signaling possa explicar o
desvio da cascata do receptor de TSH para outra mais proliferativa, envolvendo
MAPKinase e levando ao comportamento mais agressivo deste cancer papilifero.
(Arq Bras Endocrinol Metab 2008; 52/7:1194-1200)

Descritores: Cancer de tiredide; TSH, Receptor; Mutagao; N-RAS; Doenca de Graves
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INTRODUCTION

hyroid tumors represent an appropriate model for

the study of epithelial neoplastic transformation.
Indeed, different types of tumors (benign adenomas,
differentiated and anaplastic carcinomas) are well re-
cognized, iz vitro models which reproduce different
degrees of neoplastic transformation are available and
functional parameters (i.e. iodine uptake, hormone
production, response to TSH stimulation) can be stu-
died in vivo or in vitro. The roles of somatic muta-
tions, gene rearrangement(s) and level of gene
expression in carcinogenesis are now well established.
Several techniques can be used to detect such genetic
alterations in human tumors. The application of these
techniques to thyroid tumors has focused particular
attention on the role of point mutations activating (or
inhibiting) the genes for the TSH receptor (TSHR),
RAS, gsp, and p53. (1-9). Recently we have reported
two different mutations, involving the TSHR and the
Ki-RAS genes in a follicular carcinoma presented as an
entire AFTN (8).

We are now presenting the case of a patient with a
past history of Graves’ disease who developed an ag-
gressive metastatic papillary thyroid carcinoma harbo-
ring two different mutations (TSHR and N-RAS) but
showing a “cold” nodule at scintigraphy. Here we dis-
cuss the possibility of cross-signaling in the ethiopatho-
genesis and in the behavior of this neoplasia.

PATIENT

Case report

A 29 y.o. woman was referred to our Hospital due to
generalized convulsions. The patient had a diagnosis
of Graves’ disease which was treated during 16 mon-
ths with methimazole (MMI). The scintigraphy per-
formed at diagnosis of the hyperthyroidism showed a
3 cm “cold” nodule localized in the right thyroid
lobe (Figure 1). A palpable ipsilateral lymph node
was discovered at routine neck examination. Central
nervous MRI showed four metastatic lesions in the
brain (Figure 2) and a CT scan showed nodular lung
metastases. The FNAB disclosed a papillary thyroid
carcinoma in both, the “cold” nodule and the palpa-
ble lymph node.
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Figure 1. *'l thyroid scintigraphy showing the presence of one
“cold” area corresponding to the palpated right thyroid
nodule associated to a high radioiodine uptake in the rest of
the gland.

Figure 2. MRI showing a metastatic lesion in CNS.

While receiving 5 mg MMI treatment, the thyroid
profile was as follows: T, = 138 ng/dL (n.v. 80 to 180
ng/dL), T,= 14.1 ug/dL (n.v. 4.5 to 12.5 pg/dL),
FT,=2.5ng/dL (n.v. 0.8 to 1.8 ng/dL), TSH < 0.05
mUI/L (n.v. 0.3 to 4.2 mU/L) and TRAb = 47.8%
(n.v. < 10%). She underwent a total thyroidectomy with
a modified neck dissection.

The final histological diagnosis was a 3.5 cm pa-
pillary thyroid carcinoma with a complete surrounding
capsule that was locally penetrated by the tumor cells
localized in the right thyroid lobe. The lymph node
dissection showed metastatic disease in 4 from 28 ope-
rated nodes.

Clinical course
After total thyroidectomy, the patient received 100
mCi of '] for thyroid remnant ablation. Thyroid bed
and brain uptake was found in the post-therapy whole
body scan (WBS).

She received an accumulated ' dose of 700 mCi
during the following two years. The first post dose
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whole body scan performed after 100 mCi '*'T showed
uptake in the thyroid bed and in the brain. She then
received three more radioiodine doses of 200 mCi 131,
all of them showed diffuse uptake in both lungs and
also in the brain. Two years after the first evaluation in
our hospital, she died from the consequences of multi-
ple metastatic lesions.

Informed consent was obtained from the patient’s
family to perform these studies.

MATERIALS AND METHODS

DNA and RNA extraction

The DNA was extracted from paraffin-embedded tissue
from the tumor and the non-tumoral thyroid as well.
The procedure was performed according to that pre-
viously described by Sudrez et al. (10). As control, we
used DNAs extracted from peripheral lymphocytes
using a QIAmp Kit (Qiagen Inc. reagents and buffer,
USA). The RNA was extracted according to the proce-
dure described by Bounacer et al. (5).

RT-PCR method for detecting RET-PTC and
TRK oncogenes

The reverse transcription reaction was performed as
previously described by Bounacer et al. (5), using half
the volume of RNA extracted from the paraffin-embe-
dded tissue. One fourth of the cDNA was used for a
first PCR amplification with outer primers and 1:10 of
this PCR product was amplified again with nested pri-
mers. The PCR amplifications were performed accor-
ding to Bounacer et al. (5) for RET-PTCand for TRK
as previously described (11). Ten pLL of PCR products
were electrophoresed in a 2% agarose gel for control.
PCR primer sequences, used in these studies, were
those already published for RET-PTC (5) and for
TRK (11).

DNA sequence analysis to study the TSHR
and RAS genes

To amplify the region encoded by exon 10 of the TSHR
gene (including the three intracellular loops and the
cytoplasmatic tail: residues 442-764), we used the same
primers and conditions described by Russo et al (12).
The oligonucleotide primers and conditions used to
amplify the domains including the “critical” codons
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(12/13 or 61) of Ha-, Ki- or N-RAS genes were the
same as those published by Sudrez et al. (13)

Direct sequencing of the amplified DNA frag-
ments was carried out by the dideoxy-nucleotide me-
thod (14) with *P-ATP, using the double strand
DNA cycle sequencing system Kit (Gibco-BRL, Life
Technologies, France) and the same primers as those
in the amplification, following the manufacturers
conditions.

Transfection studies in 3T3-Vill cells

Cell culture

3T3- Vill mouse fibroblasts (15) and transformants
were grown in DMEM containing 10% newborn bovi-
ne serum. The test for colony formation in soft agar
was performed following the procedure previously des-
cribed by Michelin et al. (16).

Expression plasmids

The TSHR cDNA WT or T620I (Clones 1 and 2) were
inserted in the Eco RI or Eco RI-Xbal sites of the
pECE vector cloning site. The pECE was inserted in

the BamHI site of the pSV2-neo plasmid as previously
described (17).

DNA transfection

Subconfluent cells were transfected with 10 pg of the
TSHR wild type or mutated recombinant expression
plasmids, in the presence of the neomycin analogue
G418 sulfate (400 png,/ml), as described (17). Four we-
eks later, the efficacy of transfection was: 1) WT: 21
foci; 2) T6201 Clone 1: 25 foci and 3) T620I Clone 2:
18 foci of resistant cells per ng of cDNA.

Cellular cAMP measurements

Cells in 2 cm? dishes (Costar Corp. Cambridge, MA,
USA) were incubated with fresh Ham’s F-12 medium
containing 1.5% BSA, 1 mmol/1 isobutylmethylxanti-
ne, 20 mmol/l HEPES (pH 7.4) and supplemented
with increasing doses of TSH (Thytropar, Armour
Pharmaceutical Co., Phoenix, AZ, USA). After 1 h at
37 °C, cellular cAMP was extracted with 95% ethanol
and measured as previously described. The values were
corrected for the DNA content of the wells, assessed as
previously described (17). Each experimental point was
run in duplicate.
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RESULTS

The genetic analysis of tumoral DNA revealed point
mutations in two different genes: 1) the wild type CAA
at codon 61 of N-RAS mutated to CAT, replacing gly-
cine by histidine (G61H) (Figure 3) and 2) the normal
GCC sequence at codon 623 of the TSHR gene was
replaced by TCC, changing the alanine by serine
(A623S) (Figure 4). In the non-tumoral tissue no mu-
tations were found.

A) Mutation in codon 61 form the N-ras gene
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Figure 3. Presence of a point mutation in codon 61 of the N-
RAS gene (G61H). Right: Neopilastic tissue and lymph node
metastasis (coexistence of CAT and CAA); Left: Normal thy-
roid tissue from the same patient (Normal).

B) Mutation in codon 623 form the TSHR gene
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Figure 4. Presence of a point mutation in codon 623 of the
TSH receptor gene (A623S). Right: Tumoral thyroid tissue and
lymph node metastasis (coexistence of GCC and TCC); Left:
Normal thyroid tissue from the same individual (Normal).

Activation of the cAMP pathway by the transfected
plasmids: The A623S transfected cells showed cAMP
basal levels that were 4 to 5 fold increased over the va-
lues detected in control cells (3T3 cells transfected with
the TSHR-WT ¢cDNA and presenting a normal pheno-
type). The addition of TSH to the culture medium fur-
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ther increased the cAMP values (Table 1). This increase
was higher in the A623S transfected clones.

Table 1. Infracellular cAMP levels in 3T3-Vill cells tfransfected
with the TSHR-WT and the mutant TSHR A623S vectors.

c AMP (pmol/ug DNA)
WT A623S-CI'™*  A6235-CI**
Basal 3+0.3 19+0.8 12+0.3
TSH 10 mU/L 4.5+0.2 21+0.7 19+0.4
100 mU/L 11£0.3 25+0.8 22+0.5
1.000 mU/L 22+0.2 34+0.7 29+0.4
10.000 mU/L 29+0.2 45+0.5 38+0.9

The cells were incubated for 1 h at 37° C without (control) or with the indicated
doses of TSH in the presence of HEPES (20 mmol/L; pH 7.4), 1.5 % BSA and
isobutylmethylxanthyne (1 mmol/L). cAMP assay was performed as described by
Russo et al. (1995). The results are expressed as means + SEM.

* 3T3-TSHR - A623S - transformed clones 1 or 2.

No TRK and RET rearrangements were found in
the tumoral tissue.

DISCUSSION

In toxic adenomas, several point mutations have
been described that activate the TSHR. Activating
mutations have been found throughout the trans-
membrane domain and even in the extracellular do-
main. TSHR mutations have been found in
hyperfunctioning benign thyroid nodules with wide
differences between the series that range from 10%
to over 80% (18-21). Geographical variations, inho-
mogeneous patient selection, and also differences
in the TSHR regions studied may account for such
discrepancies.

Recently we presented a case of hyperthyroidism
caused by a follicular carcinoma localized in the thyroid
gland. The genetic analysis of the tumoral tissue revea-
led a novel somatic heterozygous mutation in the
TSHR gene, responsible for a nonconservative amino
acid change in the third intracellular loop of the recep-
tor. In vitro, this mutation was able to constitutively
activate the cAMP cascade (8).

Here, we are presenting a patient with a TSHR ac-
tivating mutation, but surprisingly the thyroid scinti-
graphy did not show a “hot” nodule as expected. Very
few previous studies, published before our mentioned
case report, described the presence of a TSHR activa-
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ting mutation, but in all of them a hyperfunctioning
thyroid carcinoma was shown (22-28).

Gsp and TSHR mutations were also found in 6 di-
fferentiated carcinomas with constitutively elevated ba-
sal cAMP and no further increase following TSH
stimulation (10,12,29).

Twenty-three other carcinomas studied by these
authors, with low or normal basal cAMP levels and
which could be stimulated by TSH, were negative.
These data suggested that TSHR mutation may also
participate in the tumorigenesis of “hypofunctioning’
thyroid tumours. In fact, sustained elevation of cAMP
leads in vivo to transitory growth of normal follicular

cells (30).

It can be hypothesized that in nonfunctioning tu-
mors, the TSHR mutation may confer a growth ad-
vantage to a cellular clone in which another yet
unknown genetic modification had already abrogated
a growth-limiting mechanism, which normally down-
regulates the response to cAMP (e.g. RAS). This
could be in accordance with the finding of a simulta-
neous presence of RAS and gsp or TSHR mutations in
‘spontaneous’ papillary carcinomas (12,29). Conver-
sely, the presence of RAS mutations in hot nodules
may be related to an associated occult tumor or the
presence of two cell populations in a single tumor. It
may also be consistent with another genetic abnorma-
lity that masks the inhibition of cell function induced
by RAS mutation.

Another reason for the TSHR activating mutation
occurring in a nonfunctioning thyroid nodule may be
explained through the idea of cross-signaling. In this
patient, two consecutive mutations were observed in
the tumor tissue. The one in the TSHR, instead of
producing hyperfunction by increasing cell differen-
tiation, as expected through the PKA cascade, has dis-
closed a totally opposite behavior since the nodule
was “cold” in the scintiscan. On the other hand, the
second mutation activated the RAS protein, produ-
cing a permanent overactivity of the MAPK pathway,
probably increasing proliferation, genomic instability
and decreasing cell differentiation (31). Under expe-
rimental conditions, it was shown that some stages of
the MAPK pathway can be stimulated from the PKA
stage, by means of the cross-signaling mechanism (32-
34). Therefore, another hypothesis for the presence of
a “cold” hypofunctioning nodule could be this men-
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tioned mechanism, which may also aggravate the
behavior of the papillary thyroid cancer observed in
our patient.

Simultaneous alterations of GNAS, RET/PIC,
TSHR and RAS were sought in 114 benign and malig-
nant thyroid tumors, but they were found only in 5
cases. This very low frequency of simultaneous altera-
tions indicates that these genes may intervene alternati-
vely in the tumorigenic process and that they are
mutually exclusive (35,36).

A number of studies have shown increased aggres-
siveness of papillary thyroid cancer and follicular
thyroid cancer in Graves’ disease patients (37-39),
and many investigators have strongly suggested that
the thyroid-stimulating antibodies cause greater ag-
gressiveness of thyroid malignancy. However, it has
recently been suggested that the outcome of Graves’
disease patients with papillary thyroid cancer was simi-
lar to that of euthyroid patients with papillary thyroid
cancer (40).

In conclusion, we describe an activating mutation
in codon 623 of the TSHR (A623S). We also found a
simultaneous N-RAS mutation (G61H). We hypothe-
size that the combination of these two mutations might
have played an important role in the carcinogenetic
process. It is also supposed that the high levels of circu-
lating TRAD might also contribute to further stimulate
the mutated TSHR, as judged by the performed trans-
fection studies.

On the other side, the presence of a cross-signaling
mechanism might explain the deviation of the TSH re-
ceptor cascade to the more proliferative one involving
the MAPKinase, giving a more aggressive behavior of
this papillary thyroid cancer.

No potencial conflict of interest relevant to this article was re-
ported.
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