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1. APRESENTACAO

Nesta tese de mestrado, apresentamos, de acordo com recomendacdes do
Conselho Especial do Programa de Poés-Graduacdo de Endocrinologia da
Universidade Federal de Sado Paulo — Escola Paulista de Medicina, um trabalho
completo em inglés entitulado: "Thyroglobulin is still detectable in the serum of
normal individuals after a trial of TSH-suppressive doses of L-T4 during 3 months",
traduzido para o portugués como "A tiroglobulina é ainda detectavel no soro de
individuos normais apos 3 meses de uso de L-tiroxina em dose supressiva de
TSH", de autoria de Ricardo A. Guerra, Felipe Crispim, Claudia C. D. Nakabashi,
Cléber P. Camacho, Teresa S. Kasamatsu e Rui M. B. Maciel.

A idéia deste trabalho surgiu a partir da necessidade de conhecimento do
comportamento dos niveis séricos de tiroglobulina na auséncia de um dos trés
principais fatores determinantes de sua concentracdo, os niveis séricos de TSH
(Spencer e cols., 1996; Torréns e Burch, 2001; Baloch e cols., 2003). Além do
interesse fisiologico, ha também uma questdo pratica envolvida, que é o
diagndstico precoce da tirotoxicose facticia (Mariotti e cols., 1982; Bogazzi e cols.,
1999).
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INTRODUCAO

A tiréide é uma glandula localizada na regido cervical antero-inferior. Em
sua anatomia, é constituida por dois lobos, medindo cada um cerca de 4,0 cm de
altura x 2,0 cm de largura x 2,0 cm de profundidade, unidos por um fino istmo de
tecido tiroidiano, que mede 2,0 x 2,0 x 0,5 cm (Larsen e cols., 2003).
Histologicamente, a glandula € composta por uma infinidade de foliculos, sua
unidade funcional. Um foliculo é uma estrutura esférica constituido por uma Unica
camada de células foliculares (ou tirocitos) que envolve um interior de material
proteinaceo denominado coléide, composto basicamente pela proteina
tiroglobulina (Tg) (Larsen e cols., 2003).

A célula folicular tem como fungdo produzir horménios tiroidianos. Para
tanto, ela capta iodo do meio extra-celular através de seu simportador de sédio-

iodo (conhecido como NIS, do inglés "sodium-iodide symporter") (Eskandari

D

cols., 1997; De La Vieja e cols., 2000). Do interior da célula folicular, este iodo é
transportado para o coldide onde, sob a acdo da enzima tiroperoxidase (TPO) é
oxidado e acoplado a um radical tirosil presente em uma molécula de Tg. Estes
residuos de iodotirosinas sofrem processo de acoplamento, também catalisado
pela TPO, causando a formacdo de residuos de iodotironinas (Ohmyia e cols.,
1990; Taurog e cols., 1996; Carrasco, 2005).

Para catalisar as reacfOes descritas acima, a enzima TPO necessita da
presenca de peroxido de hidrogénio (H,O,). A geracdo deste cofator se da no
interior do tirécito, através da acdo de uma flavoproteina que oxida NADPH em um
sistema Ca** dependente. Dois cDNAs capazes de codificar oxidases tiroidianas
de NADPH foram clonados. Estas oxidases sdo normalmente designadas THOX1
e THOX2 (do inglés "thyroid oxidase™), mas suas designacdes oficiais séo DUOX1
e DUOX2 (referente a "dual oxidase") (Carrasco, 2005).

Em uma segunda etapa, uma molécula de Tg é captada por mecanismo de
pinocitose do coloide, transportada para o interior da célula em uma vesicula que
se fundird com um lisossomo. Nesta organela, catepsinas promoverdo a hidrélise

da molécula de Tg, com a consequente liberacdo das iodotironinas, trilodotironina



(T3) e tetraiodotironina ou tiroxina (T4), que sdo os horménios que a glandula
tiréide secreta (Bernier-Valentin e cols., 1990; Kostrouch, 1991; Arvan e di Jeso,
2005).

Sintese da Tg

A tiroglobulina € uma glicoproteina traduzida a partir de um gene
extremamente extenso localizado no cromossomo 8g24,2-924,3 (Baas e cols.,
1985). A transcricdo deste gene e de outros, importantes para o funcionamento
normal do tirdcito, como a tiroperoxidase (TPO) e o simportador sédio-iodo (NIS),
€ estimulada pela tirotrofina hipofisaria (TSH), seja de forma direta, seja
indiretamente, ao induzir a sintese de fatores de transcricdo como TTF1, FOXE1 e
PAX-8 (Van Herle e cols., 1979; Ohno e cols., 1999; De Felice e Di Lauro, 2004).

Apos a transcricdo, 0 mMRNA da Tg abandona o nucleo e é traduzido por um
complexo polirribossbmico. A proteina monomérica resultante possui peso
molecular de 330 kDa, é composta por 2.748 aa e apresenta coeficiente de
sedimentacdo de 12S. Esta penetra no reticulo endoplasmatico, onde sofrera
glicosilacdo em até 30 pontos distintos de sua estrutura. A proteina € transferida
para o complexo de Golgi, onde conclui o processo de glicosilacéo e, finalmente, é
envolta numa vesicula (em cuja parede ha a enzima TPO) que a secretara para o
coléide. Nesta vesicula secretora inicia-se o processo de fusdo de dois
mondmeros idénticos para formar um homodimero de 660 kDa (Arvan e di Jeso,
2005).

Uma vez no coloide, sob influéncia da enzima TPO, a Tg sofre iodagéo.
Cada dimero de 660 kDa possui um total de 134 residuos tirosil, estando 30
destes disponiveis para a ligacdo com o iodo. A ligacdo de um residuo de tirosil
com um atomo de iodo gera uma monoiodotirosina (MIT) e a dois &tomos de iodo,
uma diiodotirosina (DIT). Em geral, uma molécula de Tg possui cerca de 26
atomos de iodo em sua estrutura final. O proximo passo serd o acoplamento,
guando h& a "cessao" do conteudo do anel iodado de uma iodotirosina para outra,

com a consequente formacdo de residuos com 3 iodos, tri-iodotironina, T3



(produto de DIT + MIT) ou 4 iodos, tetra-iodotironina ou tiroxina (produto de DIT +
DIT), conhecidos como iodotironinas (Bernier-Valentin e cols., 1990; Kostrouch,
1991; Arvan e di Jeso, 2005).

A molécula "madura" de Tg é uma glicoproteina homodimérica com peso
molecular de 660 kDa e coeficiente de sedimentacédo de 19S (Arvan e di Jeso,
2005). A Tg "madura" ficara estocada no coldide até que seja recolhida por uma

vesicula de pinocitose para hidrolise.

Como se explica a presenca de moléculas intactas de Tg na circulacao

sanguinea periférica?

Apesar da Tg, via de regra, ser submetida a hidrélise para producédo de
hormonios tiroidianos, algumas destas moléculas escapam deste processo e
podem ser encontradas intactas na circulacdo sanguinea (Hjort, 1961)

Moléculas de Tg com diferentes conteudos de iodo estdo presentes no
coloide. Estudos recentes sugerem que as moléculas de Tg com menor conteudo
de iodo apresentam uma facilidade estrutural de se ligar a receptores presentes na
membrana apical do tirdcito denominados megalina (Druetta e cols., 1999; Lisi e
cols., 2003).

A megalina € uma proteina com um unico dominio transmembrana que, ao
se ligar a molécula de Tg, promove sua transcitose, ou seja, permite que a Tg
atravesse toda a célula sem que a mesma sofra hidrolise e a secreta intacta pela
membrana basolateral (Marind e McCluskey, 2000; Marino e cols., 2000; Marino e
cols., 2001).

Consequentemente, existe um mecanismo intrafolicular capaz de separar a
Tg "pobre"” em iodo, secretando-a intacta, sem que se gaste a maquinaria
enzimatica de lise com uma proteina capaz de gerar pouco ou nenhum hormdnio
(Druetta e cols., 1999; Lisi e cols., 2003). Ainda nesta linha, recente estudo
demonstra que ratos “knock-out” para o gene da megalina (Meg /) exibem
hipotiroidismo, devido a competicdo existente entre moléculas de Tg "ricas" e

"pobres" em iodo pelas vesiculas de pinocitose (Lisi e cols., 2005).



Fatores que influenciam os niveis séricos de Tg

Ha trés fatores que influenciam diretamente a concentracdo sanguinea da
Tg: os niveis séricos de TSH, a massa de tecido tiroidiano existente e a injuria a
glandula tiréide (Van Herle e cols., 1973; Spencer e Wang, 1995; Torréns e Burch,
2001; Baloch e cols., 2003).

Dosagem dos niveis séricos de Tg — técnicas e utilidade clinica

A mensuracdo dos niveis séricos de Tg pode ser feita a partir de sangue
periférico. Atualmente, esta mensuracdo é normalmente realizada por meio de
método imunométrico, que possui boa sensibilidade e especificidade (Baloch e
cols., 2003). Resultados falsos-negativos podem ocorrer na presenca de
anticorpos anti-tiroglobulina no soro utilizado; desta forma, recomenda-se sempre
a dosagem dos niveis séricos destes anticorpos concomitantemente a
determinacdo da Tg (Preisner e cols., 2003; Spencer, 2004; Spencer e cols.,
2005).

A mensuracdo dos niveis séricos de Tg possui uma utilidade clinica
fundamental, que € a de servir para o acompanhamento do carcinoma
diferenciado de tirdide apos a tiroidectomia total ou quase-total e apds a ablacéo
de restos tiroidianos com radioiodo. Nestas circunstancias, uma vez que o tirécito
€ a Unica fonte de Tg do organismo, a deteccdo de Tg sinalizara a presenca de
restos tiroidianos que nao sofreram ablacdo ou a presenca de metastases
(Mazzaferri e Kloos, 2001; Mazzaferri, 1999; Schlumberger e cols., 2004).

Outra utilidade da dosagem dos niveis séricos de Tg € no diagndstico
diferencial da tirotoxicose. Quando esta € causada por hiperfuncionamento da
glandula (hipertiroidismo), seja de causa primaria ou secundaria, 0s niveis séricos
de Tg encontram-se claramente elevados. Por outro lado, pacientes com
tirotoxicose devido ao uso inadvertido de altas doses de hormonio tiroidiano
(tirotoxicose facticia) apresentam niveis séricos indetectaveis desta proteina

(Torréns e Burch, 2001; Mariotti e cols., 1982; Bogazzi e cols., 1999); entretanto,



os estudos demonstrativos destes resultados realizaram-se com pacientes que
vinham usando doses extremamente elevadas de hormdnios tiroidianos ha um
periodo de tempo desconhecido, possivelmente longo (Mariotti e cols., 1982;
Bogazzi e cols., 1999).

Até o momento, ndo ha estudos prospectivos que demonstrem o real
comportamento da Tg logo apds o inicio do uso de doses supra-fisiolégicas de L-
tiroxina. Um estudo como este nos pareceu interessante, pois contribuiria tanto
para um melhor entendimento da fisiologia da Tg, quanto para abreviar o
diagnéstico de tirotoxicose facticia, problema comum em nosso pais, mas que
pode tornar-se também frequente em outras regibes, onde a adicdo dos
horménios tiroidianos a medicamentos ditos emagrecedores esta acontecendo
(Ohye e cols., 2005).

Sendo assim, o objetivo deste estudo € analisar o comportamento dos
niveis séricos de Tg em individuos eutiroidianos durante o uso de doses

supressivas de L-tiroxina por um periodo de trés meses.
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ABSTRACT

Objective: Three factors can influence the production of thyroglobulin (Tg) and
its serum concentrations, serum levels of TSH, thyroid mass and glandular injury.
In this study we have evaluated serum levels of thyroglobulin in normal individuals
without the influence of TSH.
Materials and methods: 19 healthy euthyroid individuals (12 F/7 M, age range:
21-36 years) were enrolled. In the first visit, history, physical examination and
thyroid ultrasound were performed and blood sample was collected. Inclusion
criteria were negative serum anti-thyroid antibodies, normal serum TSH and
normal thyroid ultrasound. Exclusion criteria were smoking, previous thyroid
disease or any contraindication for suppressive L-T4 therapy. The volunteers
received L-T4 (mean dose: 2.09 = 0.12 ug/kg/day) and were seen each 14 days
for examination and blood collection (total of 7 visits).
Results: As expected, there was a decay in serum TSH levels (mean basal = 1.70
+ 0.79 mU/L; 14d = 0.10 = 0.10 mU/L; 28d = 0.02 = 0.05 mU/L; and remained
suppressed thereafter) and an increase in FT4. Thyroglobulin levels, however, did
not decreased as TSH; its levels had a decrease only in the first 14 days but
recovered to values very similar to the basal and remained stable until the end of
the use of LT4 (mean basal = 3.97 + 2.50 ng/mL; 14 d = 2.15 +1.70 ng/mL; 28d
= 3.24 = 3.28 ng/mL, remaining at similar, detectable values thereafter).
Conclusion: Our findings suggest that serum levels of thyroglobulin do not shift
significantly in healthy individuals who use LT4 for a period of 84 days. There are
two main mechanisms for thyroglobulin uptake in thyroid colloid, pynocitosis and
megalin-induced. The suppression of TSH probably turned-off both of them.
Despite this, the amount of megalin already present at the apical cell membrane
could still bind thyroglobulin and transcytose it into the blood. By this hypothesis,
this is a time-limited process and, if these volunteers had used L-T4 for a longer
time, probably all the pre-formed megalin would be used and thyroglobulin levels

would be undetectable (as found in factitious thyrotoxicosis).
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INTRODUCTION

Thyroglobulin (Tg), the precursor of thyroid hormones, is a 660-kDa
glycoprotein synthesized by thyrocytes and secreted into the follicle lumen, where
it is stored as the major component of colloid (1,2). Hormone release requires
retrieval of Tg from the colloid by thyrocytes and proteolytic cleavage along the
lysosomal pathway (1,2). However, some internalized Tg bypasses the lysosomal
pathway and it is secreted intact into the bloodstream (3,4).

Tg is secreted exclusively by thyrocytes and, consequently, can be
measured as a specific marker of the presence of these cells in the body. This
allows the measurement of Tg serum levels to check the presence of metastatic
tissues in patients treated for differentiated thyroid carcinoma after total
thyroidectomy and radioiodine ablation (2,5,6). This can be done during thyroid
hormone suppressive therapy or, as a more sensitive test, with elevated TSH levels
either after thyroid hormone withdrawal or recombinant human TSH injection
(2,7,8).

Although the main utility of the measurement of serum Tg is the follow-up
of thyroid carcinoma, there are other clinical conditions where it can be important,
one of them being the differentiation between endogenous and exogenous
thyrotoxicosis (2,9-14). Whatever its use, it is crucial to interpret serum Tg with
the concomitant observation of the 3 factors that can influence its levels, i.e.: (1)
the thyroid mass; (2) the presence of thyroid injury, and (3) the TSH concentration
(2,11,12).

There is a general agreement that 1 g of normal thyroid tissue results in a
serum Tg of approximately 1 ng/mL when TSH is in the normal range and about
0.5 ng/mL when TSH is suppressed (2). Studies in patients with factitious
thyrotoxicosis suggests that chronic exposure to low TSH levels leads to a
decrease of serum Tg to undetectable levels (9,13). However, there are no
prospective trials analyzing the acute effect of TSH suppression in euthyroid

healthy individuals.
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In this trial, our objective is to evaluate the behavior of serum Tg in normal

subjects while excluding the influence of TSH on its values.
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MATERIALS AND METHODS

We have enrolled 19 healthy euthyroid individuals (12 females and 7 males,
age range: 21-36 year-old). In the first visit a history was taken, a physical
examination and a thyroid ultrasound were performed and blood sample was
collected. The inclusion criteria included negative levels of serum antithyroid
antibodies (anti-Tg and anti-peroxidase antibodies), normal serum values of TSH
and a normal thyroid on ultrasonography [normal thyroid size (mean volume: 8.45
mL; range: 5.2-12.8 mL) and morphology]. Patients with a history of smoking or
previous thyroid disease were excluded, as well as those who were pregnant or
had psychiatric or cardiovascular disease or any other contraindication for the use
of suppressive L-T4 therapy.

The volunteers received L-T4 in a dose of approximately 2.0 pg/kg/day
(mean L-T4 dose was 2.09 = 0,12 ug/kg/day). That dose would be adjusted after
2 months to obtain a serum TSH less than 0.1 mU/L, but, by this time, everyone
had a suppressed TSH. Volunteers were seen at 0, 14, 28, 42, 56, 70 and 84 days.
At each visit, they were examined for signs and symptoms of thyrotoxicosis and
blood was collected.

The blood was collected into a tube without anticoagulant, the samples
were allowed to clot for at least 15 minutes and then centrifuged at 4,000 rpm for
10 minutes. The serum was removed and stored at -20° C and the samples of
each individual were measured in the same assay.

The protocol was approved by the Ethics Committee of the Hospital Sao
Paulo, the main teaching hospital of the University and all patients gave written

informed consent.

Methods

Serum TSH was measured by an in-house immunofluorimetric assay (15),

free T4 (FT4) by a time-resolved fluoroimmunoassay (DELFIA, PerkinElmer Life
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and Analytical Sciences, Wallak Oy, Turku, Finland), anti-TPO antibodies by RIA
(Brahms, Berlin, Germany), anti-thyroglobulin antibodies by an in-house
immunofluorimetric assay (16) and Tg by a time-resolved fluoroimmunoassay
(DELFIA, PerkinElmer Life and Analytical Sciences, Wallak Oy, Turku, Finland). All
serum measurements were done in duplicate. Between-assay coefficient of
variation were calculated as 8% for TSH, 3.5% for FT4 and 5,5% for Tg. The
imprecision profile for TSH at serum concentrations of 0.05-100 mU/L was 8%; for
FT4 at serum concentrations of 0.2-5.8 ng/dL was 11%; for Tg at serum
concentrations of 1.0-1000 ng/mL was 8%; and for anti-Tg antibodies at serum
concentrations of 15.6-1000 U/mL was 5,1%. Normal values in our population are
0.5-5.0 mU/L for TSH; 0.5-1.6 ng/dL for FT4 and 1-30 ng/mL for Tg. Anti-TPO
antibodies were considered negative when less than 60 U/mL and anti-Tg
antibodies when less than 40 U/mL. The sensitivity of the assays are: TSH: 0.05
muU/L; FT4: 0.2 ng/dL and Tg: 1.0 ng/mL. When TSH or Tg values were lower than
these, a 0 value was attributed.

Ultrasound imaging was performed with an ALOKA SSD-500 instrument
using a linear transducer of 7,5 MHz. All tests were done by the same experienced
operator at the time of the enrollment of the volunteer to the protocol. The
operator had no access to the data of patients. The total thyroid volume was

measured as previously described (17).

Statistical analysis

Tg, TSH and FT4 data are presented as mean and standard deviation in
each evaluation time. We have also constructed the mean profile (mean +
standard error) to analyze the time effect. Time effect was evaluated by a variance
analysis (ANOVA) with repeated measures. This has permitted the statistical
modeling of the structural correlations between data. PROC MIXED from SAS
version 9.1 was used for statistical analysis of the data. The level of statistical

significance was as p-value <0,05.
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RESULTS

We tolerated a maximum of 2 absences in the scheduled visits. Between the
19 participants who fulfilled this criteria, 12 (63.2%) had no absence, 6 (11.6%)
had 1 absence and 1 (5.2%) had 2 absences. Analyzing time by time, we had 0
absences in time 0, 1 absence in times 1, 2, 4 and 5 and 2 absences in times 3
and 6, respectively. In fact, 25 individuals have entered the protocol, but 1 was
discharged because he had more 2 absences in the scheduled visits and 5 stopped
their participation for variable reasons: one because of personal reasons, one
because of dizziness, two because detection of mild irregular heart beats (extra-
systoles) and one because of migraine associated with the start of L-T4. Of the
symptoms attributed to L-T4, the participant who related dizziness did not had
alleviation after 45 d off L-T4. Migraine and irregular heart beats had disappeared
after L-T4 withdrawal.

At 14 days of L-T4 use, mean serum levels of TSH were already 0.1 mU/L
(0.1 £ 0.1 mU/L) (Table 1). At 28 days these levels were clearly suppressed (0.02
+ 0.05 mU/L) and remained so thereafter (Figure 1). Maintained suppressed levels
of TSH from 28 days until the end in all the 19 volunteers reflect the compliance
with the protocol. Another relevant data is that the mean heart rate of the
participants suffered an increase from a baseline value of 83 + 10 beats per minute
(bpm) to a peak at 42 days (93 + 11 bpm — 11,7% above the basal) but thereafter
we were able to see a progressive decrease in this parameter, reaching 86 + 13
bpm — 3,6% above the basal — at the end of the study (84 days of L-T4 use).

Mean serum levels of FT4 had an inverse behavior: at 14 days of L-T4 use,
they were already above the normal (1.85 *+ 0.48 ng/dL) and remained so
thereafter (Table 1).

Thyroglobulin levels, however, did not decreased, as TSH. Its levels had a
decrease only in the first 14 days, but recovered to values similar to the basal and
remained stable until the end of the use of LT4 (Figure 2). The values obtained at

baseline were not statistically different from that at the last time (mean basal =
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3.97 = 2.50 ng/mL x 84 days = 4.65 * 3.38 ng/mL (p = 0.101) (Figure 1) (Table
2).
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DISCUSSION

This trial has shown that when euthyroid individuals are subjected to TSH
suppression, Tg cannot be suppressed and were still detected in most of them
during all 3 months of the protocol.

Tg basal levels were very near of the lower limit of its normal range.
Although the number of individuals analyzed is not sufficient to suggest a lowering
of normal values, the results are in agreement with the finding from other authors
(18,19), who recognize that in healthy subjects living in geographical areas with
normal iodine intake, serum Tg levels are usually low or undetectable.

The choice of the dose of L-thyroxine was based on the fact that the
recommended replacement dose for patients with hypothyroidism is 1.6 to 1.7
ug/kg/day (20-22). The dose of L-thyroxine used (—~2.0 ug/kg/day) was able to
suppress TSH levels in all participants. Most of them exhibited some minor side
effects (increase in heart rate and mild shortness of sleep-time were the most
common), but tolerated it well, as noted by the low rate of abandon.

Mean serum levels of Tg described a subtle decay in the first 14 days of L-
T4 use, but at 28 days returned to levels very similar to those seen at the baseline,
and thus remained until the end of the protocol. These levels were detectable at all
times. Another authors analyzing thyroglobulin levels in patients with suppressed
TSH due to surreptitious ingestion of high doses of L-T4 (thyrotoxicosis factitia)
have often found them undetectable (9,13). Thus, Mariotti et al. (9) have studied
Tg levels in 6 patients with factitious thyrotoxicosis and have found them below
the detectable limit (< 1.25 ng/mL) in all cases. These patients were using
elevated doses of thyroid hormones for a long period of time and this is probably
the reason for the difference with our results. Bogazzi et al (13) described a series
of 25 women in which, even using elevated doses of L-thyroxine, probably by 12-
18 months, Tg was in low detectable levels (9-11 pg/L — sensitivity < 3 ug/L) in 3

of them.
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The follicle, the thyroid functional unit, is composed of a single layer of
epithelial cells (thyrocytes) surrounding a lumen containing colloid (1). Tg is the
major protein component of the colloid, into which it is secreted after synthesis by
the thyrocytes, a mechanism controlled by TSH. There is evidence that Tg
secretion is a regulated, rather than a constitutive process (23,24). This may be
useful in achieving balance between release and uptake which, under normal
conditions, must be equal (4).

Within the colloid, much of the Tg is insoluble and, therefore, not readily
available for uptake, but the concentration of soluble Tg available for thyrocytes is
probably also relatively high (4). Consequently, the process of internalization and
degradation of Tg by thyroid cells must be strictly regulated to provide appropriate
amounts of thyroid hormone and to avoid excessive hormone release. Several
mechanisms — receptor-mediated or not — participate of the process of Tg
internalization. The most important are fluid-phase nonspecific micropinocytosis,
by which high Tg amounts are transported to lysosomes, where they are degraded
with release of T3 and T4 into the circulation, and megalin-mediated, by which it is
transported by transcytosis from the apical to the basolateral cell surface, where it
is released intact by exocytosis into the bloodstream (4).

Megalin was first identified by Kerjaschki and Farquhar (25) and later found
to be a member of the low-density-lipoprotein receptor family. It is composed of a
single-transmembrane domain, a large ectodomain and a short cytoplasmic tail
(26-28). Megalin mediates tubular uptake of low-molecular-weight proteins in the
kidney and is also involved in the development of the central nervous system (29).
At the thyroid, megalin is expressed in a TSH-dependent manner, and located on
the apical surface of the thyrocytes (30). As noted above, megalin is responsible
for the Tg transcytosis, a process that serves to divert Tg molecules with a low
hormone content from lysosomes, thereby favoring lysosomal degradation of
hormone-rich Tg molecules resulting in a more effective hormone release (31,32).

Based on the above mentioned, we speculate that in our study, when TSH

became suppressed, it turned-off the mechanism of colloid pynocitosis, as well as
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megalin gene expression. Despite this, thyroglobulin could still be found in the
serum of the participants. We think that, although the production of new megalin
was blocked, the megalin molecules already present at the apical cell membrane
could still bind thyroglobulin and transcytose it into the blood. By this hypothesis,
this is a time-limited process and if the volunteers have used L-T4 for a longer
period, probably all the megalin would be used and thyroglobulin levels would fall
and became undetectable (as found in factitious thyrotoxicosis).

Several years ago, at the end of an editorial on thyrotoxicosis factitia,
Hamolsky (33) raised the question of how long it would be "...before our ingenious
Munchausen learns to obtain and self administer some thyroglobulin..." to
confound us by eliminating the clue diagnostic feature (low/undetectable serum
Tg) of thyrotoxicosis factitia. This has not occurred yet but our data warrants
clinicians to do not discharging the diagnosis of factitious thyrotoxicosis if a
detectable Tg is obtained. This may happen, at least in individuals using
suppressive, but not very high L-thyroxine doses in a less than 3 months period.
The importance of this is emphasized when we note that the age of patients using
elevated doses of L-thyroxine in a surreptitious way seems to be increasing (13)
and even mild thyrotoxicosis may be associated with adverse health outcomes.
Patients with subclinical thyrotoxicosis, particularly the elderly, have a 3- to 6-fold
increased risk for atrial fibrilation (34,35). Women with subclinical thyrotoxicosis,
particularly those who are estrogen-deficient suffer an increased rate of loss of
bone mineral and fractures (36,37). Subclinical thyrotoxicosis in the elderly has
also been associated with increased risk of all cause, as well as cardiovascular
mortality (38).

Finally, a recent report describes the addition of thyroid hormones to
"herbal pills" used as weight-reducers (39). If this turns a current practice, the
importance of the above data discussed can be greatly magnified.

In conclusion, our findings suggest that Tg serum levels do not shift significantly in

healthy individuals who use LT4-suppressive doses for a period of 84 days.
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Table 1. Tg, TSH and FT4 (mean % sd) in all times of the protocol

Time of L-T4 Tg TSH FT4
use (ng/mL) (mu/L) (ng/dL)
Basal 3,97 £ 2,50 1,70 = 0,79 1,06 = 0,14

(n=19) (n=19) (n=19)
14 days 2,15+ 1,70 0,10 +£ 0,10 1,85 + 0,48
(n=18) (n=18) (n=18)
28 days 3,24 + 3,28 0,02 £ 0,05 2,10 +£ 0,57
(n=18) (n=18) (n=18)
42 days 4,80 = 3,92 0,01 + 0,03 2,01 +£ 0,46
(n=17) (n=16) (n=16)
56 days 4,86 = 3,50 0,00 + 0,01 2,07 £ 0,52
(n=18) (n=18) (n=18)
70 days 5,06 + 4,40 0,00 = 0,00 2,08 £ 0,65
(n=18) (n=18) (n=18)
84 days 4,65 + 3,38 0,02 £ 0,06 1,94 = 0,47
(n=18) (n=18) (n=18)
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Table 2. Comparison between Tg serum concentration results of the different times

l4days | 28 days | 42 days | 56 days | 70 days | 84 days
o p<0,001 | p=0,286 p=0,551 p=0,161 p=0,100 p=0,101
14 days - p=0,072 p=0,010 p<0,001 p<0,001 p<0,001
28 days - - p=0,018 p=0,010 0,007 p=0,004
42 days - - - p=0,431 p=0,232 p=0,277
56 days - - - - p=0,428 p=0,688
70 days - - - - - p=0,427
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Figure 1. TSH and thyroglobulin values for each individual at the start and at the

end of the protocol
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SERUM LEVELS
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Figure 2. Behavior of the mean serum levels of Tg, TSH and FT4 during the 84
days of follow-up

* value of thyroglobulin statistically different from that in time 1 (14 days of L-T4
use) by Fisher’s exact test
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4. CONCLUSOES
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CONCLUSOES

Os achados deste estudo sugerem que 0s niveis séricos de Tg ndo sofrem
alteragcdo significativa em individuos eutiroidianos que usam L-tiroxina por um
periodo de 84 dias.

Como visto, existem dois principais mecanismos de captacédo de Tg a partir
do coléide a pinocitose e o mediado por megalina. A supressdo do TSH
provavelmente "desliga" ambos. Porém, ainda existe uma quantidade de megalina
ja expressa e presente na membrana apical do tirécito. Esta ainda pode se ligar a
Tg e promover sua transcitose até secreta-la intacta pela membrana celular
basolateral.

Por esta hipbtese, este € um processo auto-limitado; portanto, se os
voluntarios tivessem utilizado as mesmas doses de L-tiroxina por um periodo mais
longo de tempo, provavelmente toda a megalina preformada seria gasta e os
niveis séricos de Tg tornar-se-iam indetectaveis (corroborando os achados dos
estudos descritos sobre tirotoxicose facticia).

Esta teoria € de dificil comprovacdo. A quantidade de Tg disponivel em
cada amostra de soro coletado é muito pequena para permitir a purificacdo de
material suficiente para a realizacdo de analises fisico-quimicas diretas (Druetta e
cols., 1998).
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