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Abstract. Knowledge concerning the structure and quality of thyroglobulin (Tg) has great significance for the
better understanding of the pathogenesis of different thyroid diseases. The localization of the Tg gene and studies
of its structure by molecular biological techniques make possible precise investigations of its expression. The aim
of our study wasto evaluate Tg content in the thyroids and Tg concentrations in the serum of 108 patients suffering
from benign or malignant thyroid disorders. The method of investigation was isolating total protein from thyroid
tissues obtained during surgery and determining Tg content in the thyroid extracts and Tg concentrationsin serum.
The Tg concentrations in serum and in thyroid protein extracts were evaluated by fluoroimmunometric assay.

Statistical analysis was carried out with the help of the computing programmes.
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I ntroduction

Thyroglobulin (Tg) is aglycoprotein which plays an
important role in the synthesis and storage of thyroid
hormones. This protein was isolated from thyroid tiss-
ues (mean 50-100 mg Tg/g tissue)'®. The Tg gene
covers approximately 300 kb pairs and is localized on
the end of the long arm of chromosome 8¢24* /. In
somatic cell hybrids derived from a Burkitt lymphoma
in which the oncogene c-myc was translocated from
8024 to chromosome 14932, the Tg gene was aso
transl ocated to chromosome 14*8. Human Tg messenger
RNA (mRNA) contains 8.5 kb and encodes at least
2700 amino acids® . The relationship between Tg

structure and function and the pathogenesis of thyroid
diseases is a very important step in understanding how
the disease can develop. Previous reportsincluded a study
of Tg in the thyroid tissue of patients with non-endemic
and non-toxic nodular goiter'®, Graves-Basedow disease,
congenita goiter, and benign adenomas'?4 1°,

The aim of the present study was to evaluate Tg
content and concentration in thyroid tissue as well as
Tg serum concentration in thyroid disorders.

Materials and Methods

One hundred and eight patients with thyroid disor-
ders were studied. There were 18 males and 90 females
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Table 1. General characteristic of 108 patients with thyroid disorders
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Age < 45 years 78
> 45 years 30
Clinical features solitary nodules 80
multinodular goiter 10
diffuse goiter 4
not known 10
palpable lymph node 4
Histologic characteristic
simple goiter colloid diffuse goiter 4
colloid micro- and macrofollicularis 2
congenital goiter colloid diffuse goiter 3
toxic nodular goiter colloid nodules goiter 18
colloid diffuse goiter 27
Graves-Basedow disease parenchymatous toxic goiter 6
colloid micro- and macrofollicularis 5
Metastatic lymph nodes from
thyroid differentiated carcinoma 9
Hurthle adenoma “Hurthle cell” adenoma 5
malignant tumors papillary 22
follicular 4
anaplastic 3
Tg concentration in the tissue normal 1.8-35 ng/ml 46
high > 35 ng/ml 12
low < 1.8 ng/ml 50
Tg content in the tissue normal 50-100 mg/ml 38
high > 100 mg/ml 60
low < 50 ng/ml 10
Complementary treatment 131 therapy 30
thyroid hormone 108

with thyroid diseasesin different stages of clinical evol-

ution. The mean age of our patientswas 46 years (range

12-69 years). The following cases were investigated:

» simple goiter (n = 6; 2.8%),

¢ congenita goiter due to a Tg synthess defect (n = 3;
2.8%),

e toxic nodular goiter (n = 45; 41.6%),

» Graves-Basedow disease (n = 11; 10.2%),

» metastatic cervical lymph nodes from differentiated

thyroid carcinoma (n = 9; 8.3%),
¢ Hirthle adenoma (n = 5; 4.6%),

» papillary thyroid carcinoma (n = 22; 20.5%),
o follicular thyroid carcinoma (n = 4; 3.7%),
» anaplastic thyroid carcinoma (n = 3; 2.7%).

All patients were treated surgically with one of the
following options: total thyroidectomy (25 cases), sub-
total thyroidectomy (76 cases) and cervical lymph node
dissection (essentially non-radical homolateral, per-
formed in 6 patients). Diagnosis of the disease was es-
tablished on the basis of clinical, 1aboratory and histo-
pathological signs. Theclinical and histological datafor
these patients are shown in Table 1. The histological
tumor classification was made according to the WHO
criteria.

Bovine and rat thyroid tissue was used as a control.

Thyroid tissue specimens obtained at surgery were
immediately frozen in liquid nitrogen and stored at —
80°C. The methods of investigation were: isolation of
total protein from the thyroid tissues obtained during
surgery and the determination of Tg concentration in
the thyroid extracts. Total protein was isolated by pre-
cipitation with ammonium sulphate and in accordance
with the DiFrLey and SiL.van method in the presence
of PMSF as a proteinase inhibitor. The thyroid cells
were macerated directly at by addition on an iso-
lating solution containing 25 mM Tris HCI pH 7.5, 10
mM EDTA pH 8.0, 1 mM PMSF, and 20% glycerol
alcohol.

After centrifugation at 10 000 x g for 20 min at 4°C,
the pellets were desalinated in 4 M ammonium sul-
phate (final concentration 0.2 M). All pellets were in-
cubated at 21°C and then centrifuged at 10 08@ for
10 min. The protein supernatant was further ana-
lyzed. Protein concentrations were determined by the
absorbance at 580 nm according to the BRADFORD
method?®.

Tg concentrations in the thyroid protein extracts and
in the serum were evaluated by fluoroimmunometric
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assay (Delfia, Pharmacia, normal 50-100 mg/g; 1.7—
35.0 ng/g).

Due to the lack of a normal distribution, statistical
analysiswas carried out with the help of the computing
programmes Exel version 5.0 for Windows, and the
Spearman Rank Order Correlation and the Mann-Whit-
ney’s tests. The observed differences were considered
statistically significant if the probability of chance oc-
currence was p<0.05.

Results

The analysis of the isolated protein reveded a sig-
nificant amount of Tg thyroid content (15.93+8.42
mg/g, normal 50-100 mg/g) and concentration (0.91+
0.48 ng/ml, normal 1.7-35.0 ng/g) in tissue and a high
Tg serum concentration (103.45+9.66 ng/ml, normal
1.7-35.0 ng/g) in the metastatic nodes from thyroid
differentiated carcinoma. In anaplastic cancers, the con-
tent of Tg was very low (1.63+0.48 mg/g) with concen-
trations of 0.96+0.97 ng/ml in tissue and 0.54+0.76
ng/ml in serum. The mean value of Tg content was
83.76+24.33 mg/g in tissue and 70.23+21.89 ng/ml in
serum for the patients with follicular thyroid carcinoma.
We aso observed that in 3 instances of thyroid adeno-
mas (Hlrthle adenomas), the thyroid level wasrelative-
ly high (Fig. 1, 2 and 3).
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There were no significant differences in the levels
of Tg in the thyroid among papillary cancer, Graves-
-Basedow disease, simple goiter and toxic nodular
goiter. The mean Tg serum concentration was insigni-
ficantly higher in simple goiter (45.80+11.86 ng/ml)
and Graves-Basedow disease (38.86+4.02 ng/ml); on
the other hand, it was indeterminable in cases with con-
genital goiter due to a Tg synthesis defect (mean value
0.00+£0.00 ng/ml; Fig. 3).

Thyroglobulin content in human thyroid in cases of
simple goiter ranged from 81.55 to 245 mg/g (mean
value 164.08+64.88 mg/g); in congenital goiter due to
a synthesis defect its mean value was 722.85+39.98
mg/g of the tissue (Fig. 1, Table 2).

Using the Spearman Rank Order Correlation and the
Mann-Whitney’s test we determined the following
correlations:

— alack of correlation in thyroid Tg concentration
vS. serum Tg concentration and in thyroid Tg content
vs. serum Tg concentration in Hurthle adenomas and in
papillary thyroid carcinomas,

— no dtatistical significance (p<0.3) in cases of
simple goiter, congenital goiter due to a Tg synthesis
defect and in metastatic lymph nodes from differen-
tiated thyroid carcinomas,

— with the range of 0.3<p<0.5, the correlation was
on average in the Graves-Basedow disease and follicu-
lar thyroid carcinomas,
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Fig. 1. Mean vaues of thyroglobulin content in thyroid tissues. 1 — simple goiter (n = 6), 2 — congenital goiter due to synthesis defect
(n = 3), 3 —toxic nodular goiter (n = 45), 4 — Graves-Basedow disease (n = 11), 5 — metastatic lymph nodes from thyroid differentiated
carcinoma (n = 9), 6 — Hirthle adenoma (n = 5), 7 — papillary thyroid carcinoma (n = 22), 8 — folliculary thyroid carcinoma (n = 4),

9 — angplagtic thyroid carcinoma (n = 3)
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Fig. 2. Mean values of thyroglobulin concentration in serum. Explanations see Fig. 1
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Fig. 3. Mean values of thyroglobulin concentration in thyroid tissues. Explanations see Fig. 1

— the correlation was datistically significant
(p<0.05) in instances of toxic nodular goiter,

— in anaplagtic thyroid carcinomas we determined
a negative linear correlation (p<0.5) between thyroid
Tg concentration and serum Tg concentration and
apositive linear correlation (p>0.5) between thyroid Tg
content and serum Tg concentration.

Discussion

Thyroglobulin is a recognized and uncommonly
useful marker in thyroid neoplasm. This protein is an
important prognostic factor indicating the presence of
metastatic disease, and a rise in serum Tg in patients
with known metastases indicates progression of the dis-
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Table 2. Evaluation of thyroid Tg content and thyroid Tg concentration in studied cases

Clinical diagnosis

Thyroid Tg content [mg/g]
(normal 50-100 mg/g)

Thyroid Tg concentration [ng/ml]
(normal 1.8-35 ng/ml)

Simple goiter 164.08 + 64.88 9.38 £ 3.71
Congenita goiter due to synthesis defect 728.88 + 40.84 41.65 + 2.33
Toxic nodular goiter 296.78 + 703.06 16.96 + 40.17
Graves-Basedow disease 366.74 + 227.73 20.96 + 13.01
Metastatic lymph nodes from thyroid

differentiated carcinoma 15.93 + 8.42 091 + 048
Hurthle adenoma 1758.57 + 1478.51 93.87 + 77.57
Papillary thyroid carcinoma 206.02 + 471.56 11.77 £ 26.95
Follicular thyroid carcinoma 83.76 £ 24.33 479 +£1.39
Anaplastic thyroid carcinoma 1.40 + 0.00 0.08 + 0.00

ease. Since the first work of VAN HerLE et al.1°, several
papers on Tg concentration have been published but
only afew publications on the evaluation of Tg content
in thyroid tissue'® 1224 19,

We have demonstrated that the low levels of thyroid
Tg content and concentration in differentiated carcino-
ma are a result of lower Tg expression and a rise of
aternative splicing of a Tg gene transcript from its
deletion fragments, as previously discribed> 4 7 12714,
In cases of malignat neoplasms, Tg levels in thyroid
tissue were undetectable. This was probably caused by
the absence of the expression of mRNA Tg. We ana-
lyzed 5 cases of Hirthle adenoma and proved a high
amount of Tg in the protein extracts. The patients in
guestion had been treated with Methimazol e before the
operation because of hyperthyroidism, which might
have stimulated the expression of the Tg gene.

We examined patients with ssmple goiter with nor-
mal serum TSH and Tg concentration where the goiter
sizes were second degree according to WHO standards.
Based on these criteria, we detected a normal range of
thyroid Tg amount.

In 11 patients with Graves-Basedow disease, we ob-
served an increase in tissue Tg content and concentra-
tion. This probably results from both cell and follicule
structure disruption, or may aso be connected with de-
glycosylation failure, possibly caused by a very strong
induction of Tg gene expression. The increased syn-
thesis of large amounts of Tg may be caused by an
insufficient processing of the mature Tg protein®. This
hypothesis, however, requires more detailed analysis of
the Tg from the thyroid.

The Tg serum concentration was elevated in con-
nection with various thyroid disorders, e.g. goiter, dif-
ferentiated thyroid carcinomaand in methastatic lymph
nodes from thyroid differentiated carcinomas. Assay of
thyroglobulin in serum is of major importance for the
follow-up of patients with thyroid carcinoma. Differen-

tiated thyroid carcinomas of epithelial origin generally
produce thyroid hormones and thyroglobulin. Follicular
carcinomas usually cause higher serum levels than pa-
pillary carcinomas® *°. Undifferentiated carcinomas
produce thyroglobulin only occasionaly. Differentiated
carcinomas are mostly treated by surgery and ablation
of residual thyroid tissue with radioactive iodine. After
successful treatment, the levels suggest the presence of
thyroid carcinoma if all normal thyroid tissue has been
removed. If the thyroid carcinoma becomes undifferen-
tiated, it may lose its ability to produce thyroglobulin.

In conclusion we found that: 1) the undetectable Tg
levels in cases of malignat neoplasms in thyroid tissue
and in the serum were probably caused by an express-
ion defect of mMRNA Tg; 2) no significant differences
in the amount of Tg were noted in cases with the
Graves disease and toxic nodular goiter; and 3) in-
creased synthesis of large amounts of Tg may be caused
by insufficient processing of the mature Tg protein and
have an influence on different thyroid disorders.

References

1. BaAsF., vAN OMMEN G.-J. B., BIKKER H., ARNBERG A. C. and
DE VIJLDER J. J. M. (1986): The human thyroglobulin gene is
over 300 kb long and contains introns of up to 64 kb. Nucleic
Acids Res., 14, 5171-5186.

2. BERTAUX F., LAsMOLES P., FRaGU P. and NoeL M. (1992):
Alternative splicing map of 5° human thyroglobulin mRNA.
J. Endocrinol. Invest., 15, 40.

3. BRADFORD M. (1976): A rapid and sensitive method for the
quantification of microgram quantities of protein utilising the
principle of protein-dye binding. Anal. Biochem., 72, 248-252.

4. CARBER B., BRoCcAS H., PEREZ-CASTILLO A., POHL V., NAVAS
J. J,, TARGOVNIK H., CENTENERA J. A. and VASSART G. (1983):
Norma leve of thyroglobulin messenger ribonuleic acid in
a human congenita goitre with thyroglobulin deficiency.
J. Clin. Endocrinol. Metab., 57, 470-476.

5. DIFFLEY J. F. X. and STiLLMAN B. (1988): Purification of
a yeast protein that binds to origins of DNA replication and



148

10.

11

13.

transcription stencer. Proc. Natl. Acad. Sci. USA, 85, 2120—
2124,

. DEMARTYNOFF G., PAYS E. and VASSART G. (1980): Synthesis

of afull length DNA complementary to thyroglobulin 33S mess-
enger RNA. Biochem. Biophys. Res. Commun., 93, 645-653.

. ELISEI R., PINCHERA A., ROMEI C., GRYCZYNSKA M., POHL V.,

MAENHAUT C., FuGazzoLA L. and PACINI F. (1994): Express-
ion of thyrotropin receptor (TSH-R), thyroglobulin, thyroperox-
idase, and calcitonin messenger ribonucleic acids in thyroid
carcinomas. evidence of TSH-R gene transcript in medullary
histotype. J. Clin. Endocrinol. Metab., 78, 867-871.

. GEMBICKI M., Kosowicz J. and MURAWSKA A. (1991): The

value of the determination of serum thyroglobulin concentration
in thyroid - function disturbances. Radiobiol. Radiother., 22,
283-242.

. HERzOG V. (1995): Vesicular transport of thyroglobulin across

the follicular wall — thyroglobulin — the prothyroid hormone.
Raven Press, 143-152.

tAckA K., WLOCH J., ZIEMNICKA K., GUBALA E., JARZAB B.
and GeEmBICKI M. (1996): Expression of mRNA thyroglobulin
in benign and malignant thyroid neoplasms. J. Endocrinol. In-
vest., 32 (suppl. 3), 19.

MALTHIERY Y., MARRIQUE C., BERGE-LEFRANC J. L., FRANC
J L., HENRY M., LEXEUNE R. J, RuUF J. and LissiTzky
S. (1989): Thyroglobulin structure and function: recent advan-
ces. Biochimie, 71, 195-210.

MORIES T., MIRALLES J. M., REGLERO A ., FELIPE S., CORRALES
J. J. and GARcIA L. C. (1991): A study of thyroglobulin and
peroxidase activity in the thyroid tissue of patients with non-en-
demic non-toxic nodular goitre. Clin. Sci., 80, 301-307.

13.

14.

15.

16.

17.

18.

10.

A. Czarnywojtek et al.: Tg in Thyroid and Serum

OHTA K., ENDO T. and ONAYA T. (1991): The mRNA levels of
thyrotropin receptor, thyroglobulin and thyroid peroxidase in
neoplastic human thyroid tissue. Biochem. Biophys. Res. Com-
mun., 174, 1148-1153.

Rossl P., DEGLI UBERTI E., TRASFORINI G., BARBIERI R., PvA R.,
GaMBARI R., Conconi F., AvVEDIMENTO E. and DEL SENNO L.
(1986): Different levels of thyroglobulin mRNA in normal and
neoplastic human thyroids. Cell. Biol. Int. Rep., 10, 588.
SHAD D. H., DANDEKAR I. R., JECVANRAUN R. K., KumA A.,
SHARMA |. M. and GANATRA R. D. (1981): Serum thyroglo-
bulinin differentiated thyroid carcinoma: histological and meta-
static classification. Acta Endocrinal., 98, 222—-226.

VAN HERLE A. J,, VASSART G. and DumoONT J. E. (1979): Con-
trol of thyoglobulin synthesis and secretion. N. Engl. J. Med.,
301, 239-249.

VAN OMMEN G. J. B., BAASF., ARNBERG A. C., PEARSON P. L.
and DE VIADER J. J. M. (1984): Chromosome mapping and
polymorphism study in the human thyroglobulin gene. Cy-
togenet. Cell Genet., 37, 562-572.

VERSNEL M. A., GEURTS VAN KESSEL A., VAN DONGEN
J. J. M., DEKLEIN A., HAGEMEIJER A. and BooTSMA D. (1984):
Genes chromosomes cancer. Cell. Genet., 37, 600-601.
ZIEMNICKA K., £ ACKA K., WARCHOt W., STAWNY B. and GEMm-
BICKI M. (1996): Effects of TSH thyroglobulin expression in
thyroid diseases. J. Endocrinol. Invest., 46, 19.

Received in September 2001
Accepted in December 2001



