
Abstract. Thyroid carcinomas are the most frequently
occurring tumours in the endocrine system. Metallothioneins
(MT) and Ki-67 proteins are present in intensely
proliferating cells, and their expression has been observed
in numerous tumours, including thyroid tumours. The
purpose of this study was to analyse the relationship between
intensity of MT expression and Ki-67 antigen on one hand
and histological features of the examined thyroid tumours on
the other. The investigated material included 186 archival
paraffin blocks with samples of various thyroid tissues,
obtained from the Chair and Department of
Pathomorphology, Medical University of Wroclaw. In
paraffin sections, immunohistochemical reactions were
performed with the use of monoclonal anti-MT (I/II) and
anti-Ki-67 antibodies. Intensity of MT and Ki-67 antigen
expression was evaluated using a light microscope using the
semi-quantitative method of Remmele. A significant
difference in MT expression was noted between different
tumours of the thyroid: the highest expression was detected
in follicular carcinoma and the lowest was detected in
medullary carcinoma. Expression of MT was also
significantly elevated in follicular carcinoma as compared to
follicular adenoma. On the other hand, no significant
differences were seen between expression of Ki-67 antigen in
follicular adenoma and follicular carcinoma. Moreover,
these investigations detected no correlation between the
expression of MT and Ki-67 antigen in follicular adenoma
and follicular carcinoma. In view of the obtained results, the

expression of MT can be considered as a potential marker of
differentiation between the two types of thyroid tumours,
which are otherwise difficult to differentiate.

Carcinomas of the endocrine glands and organs are
manifested relatively infrequently. Tumours of the thyroid
gland are noted most frequently, comprising 1.8% out of
1.28 million new cases of extradermal cancer, which resulted
in 0.41% of 555,500 deaths due to these tumours in the
United States in 2002 (1). The highly differentiated
carcinomas (papillary and follicular carcinomas) develop
from cells of thyroid follicles and they develop most
frequently in young, while poorly differentiated anaplastic
carcinomas are more frequent in people over 60 years of age.
The papillary carcinoma accounts for 70-80% of thyroid
tumours and is regarded to be the least aggressive form of
carcinoma of the thyroid (2). In turn, follicular carcinoma
accounts for 5-15% cases of cancer in the thyroid. Due to
difficulties encountered in its differentiation from follicular
adenoma, a benign lesion, the two types of tumours are
described as follicular tumours. Their differentiation can be
executed exclusively in the post-surgical preparation, but the
lesions cannot be distinguished using a targeted fine-needle
aspiration biopsy (3). Other types of thyroid cancer, such as
anaplastic carcinoma (5%) and medullary carcinoma (3-5%)
are much less frequent and do not pose great difficulties in
histopathological diagnosis (3).

Metallothioneins (MT) represent a family of low
molecular weight proteins which are expressed in many
species. They are highly conserved and are manifested in
four principal isoforms of variable manifestation in either
healthy or neoplastic tissues (4, 5). The polypeptide chain of
MT consists of 61 to 68 amino acids (depending on the
isoform) of which 30% of the residues involve cysteines. The
MT molecule comprises two domains (C-terminal α and 
N-terminal β), linked with each other by a lysine dimer. The
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Figure 1. Nuclear/cytoplasmic expression of MT in (A)  follicular adenoma and (B)  follicular carcinoma and expression of Ki-67 antigen in (C)
follicular adenoma and  (D) follicular carcinoma.

physiological role of MT involves binding and transport of
zinc and copper ions and detoxification by binding heavy
metals, e.g. cadmium, mercury and lead (4, 5). In intensely
dividing cells (i.e. neoplastic cells), an augmented
expression of MT has been observed, which supplies zinc
ions to enzymes participating in DNA replication and
protects cells from apoptosis (5, 6). MT may affect the
action of certain chemotherapeutic agents, by inactivating
free radicals formed due to metabolism of certain cytostatic
drugs, such as anthracyclins, and by binding to other agents,
such as to cisplatin (7, 8). For more than ten years, studies
have been conducted targeted at determining prognostic and
diagnostic role of MT in various types of human malignant
tumour (9-11).

Ki-67, which belongs to the group of most frequently
used proliferation markers, is a non-histone protein
consisting of two polypeptide chains and is expressed in
the cell nucleus. Its expression can be detected in the G1, S
and mitotic cell cycle phases and the intensity of its
expression allows the determination of the proliferative
activity of cells (12, 13). High expression of Ki-67 antigen
has been detected in the mammary gland, lungs, prostate,
soft tissues tumours and in brain, but its biological role
remains incompletely understood (13-16). 

This study aimed to compare MT and Ki-67 expression
intensities in various benign and malignant tumours of the
thyroid gland using immunohistochemical techniques.

Materials and Methods

Patients. The studies were conducted on 186 paraffin blocks of
various thyroid tumours obtained from the Department of
Pathomorphology, Medical University of Wroclaw, Poland. A total
of 92 malignant tumour samples (including 48 papillary carcinomas,
35 follicular carcinomas, 9 medullary carcinomas) and 31 adenomas
and 63 samples of thyroid nodular goitre were examined.

Immunohistochemistry. Tumour samples were fixed in 10%
buffered formalin, dehydrated and embedded in paraffin blocks. All
histochemical reactions (IHC) were performed in four μm thick
paraffin sections, deparaffinised in xylene and rehydrated. In the
cases of anti-Ki-67 IHC the sections were pre-incubated in a citrate
buffer (pH 6, 10 mM) at the temperature of 95-98˚C for 20 mins in
order to reveal epitopes. Activity of endogenous peroxidase was
blocked by five min incubation with 3% H2O2. Expression of MT
I/II (clone E9) and of Ki-67 (clone MIB-1) was demonstrated using
mouse monoclonal antibodies produced by DakoCytomation
(Glostrup, Denmark). The antigens were visualised using
biotinylated antibodies and streptavidin conjugated with
horseradish peroxidase (DakoCytomation LSAB+ System-HRP).
Diaminobenzidine (DAB, DakoCytomation) was used as the



substrate. All the reactions were conducted using negative controls.
All slides were counterstained with hematoxylin. 

Evaluation of IHC reaction intensity. Evaluation of MT reaction
intensity was conducted using the semi-quantitative IRS method of
Remmele (17), which is based on the intensity of the colour reaction
and percentage of positive neoplastic cells in the preparation. The scale
ranges from 0-12 points (pts), where 0 denotes absence of reaction, 1-
2 corresponds to poor reaction, 3-4 to moderate reaction and 6-12 to a
pronounced reaction. The intensity of Ki-67 antigen expression in
neoplastic cells was evaluated according to the percentage of positive
cells among all the neoplastic cells, where 0 corresponds to absence
of the reaction, 1 denotes 1-10% positive cells, 2 corresponds to 11-
25% positive cells, 3 to 26-50% and 4 to >50% positive cells.

Statistical analysis. The obtained results were subjected to statistical
analysis using Prism 5.0 software (GraphPad, CA, USA). The
applied tests included Spearman’s correlation test, Kruskall-Wallis
test and Mann-Whitney U-test. Differences were statistically
regarded significant at p<0.05.

Results

Among the 186 thyroid tumour samples that were examined,
the nuclear/cytoplasmic expression of MT was noted in 180
cases (96.7%) (Figure 1A, B). High MT expression (score 6-
12) was demonstrated in 73% nodular goitre cases, 70.9%
cases of follicular adenoma (Figure 1A), 45.8% cases of
papillary carcinoma and 85.7% follicular carcinoma cases
(Figure 1B). A high expression of MT was noted in 33%
cases of medullary carcinoma.

The most pronounced expression of MT was observed in
follicular carcinomas (9.14±3.32), and a lower but still
significant expression was observed in nodular goitre
(7.25±3.41), follicular adenoma (6.54±3.40) with the lowest
expression detected in papillary carcinoma (4.47±3.14) and
medullary carcinoma (3.22±2.54). Significant differences
were observed in MT expression between individual types of
thyroid tumours (Figure 2).

A significant difference in MT expression intensity was
detected between follicular carcinoma (Figure 1B) and
follicular adenoma (Figure 1A), which are extremely difficult
to differentiate by histopathological examination. A
statistically significantly distinct expression was detected in
papillary carcinoma and follicular carcinoma and medullary
carcinoma. In the papillary carcinoma and medullary
carcinoma a significantly lower expression was noted than
that in nodular goitre. 

Among the 131 lesions that were examined, nuclear
expression of Ki-67 antigen was detected in 118 cases. The
most pronounced expression (Figure 3) was noted in
follicular carcinoma (1.13±0.92), with a slightly lower
expression in follicular adenoma (1.08±0.4), papillary
carcinoma (1.05±0.52) and nodular goitre (1.05±0.22), and
the lowest expression in medullary carcinoma (0.56±0.53).
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Figure 3. Intensity of Ki-67 antigen expression in various type of thyroid
tumours. A significant difference in the expression was noted between
medullary carcinoma and follicular adenoma (p<0.0057) and between
medullary carcinoma and nodular goitre (p<0.0001). Asterisks indicate
significant p values.

Figure 2. Intensity of MT expression in various types of thyroid lesions. A
significant difference was detected between follicular carcinoma and, on
the other hand, papillary carcinoma (p<0.0001) or follicular adenoma
(p=0.0011). A significantly higher expression was also shown in follicular
carcinoma as compared to medullary carcinoma (p<0.0001). As
compared to MT expression in nodular goitre, a significantly lower
expression was noted in papillary carcinoma (p<0.0001) and in
medullary carcinoma (p=0.0021). Asterisks indicate significant p-values.



No significant differences were found in the intensity of
Ki-67 antigen expression between follicular adenoma (Figure
1C) and follicular carcinoma (Figure 1D). A significant
difference in expression of the antigen was detected between
medullary carcinoma and nodular goitre as well as between
medullary carcinoma and follicular adenoma (Figure 3).

Expressions of MT and that of Ki-67 antigens in follicular
adenoma and follicular carcinoma lesions manifested no
correlation when examined by Spearman’s test (r=0.12; p>0.05).

Discussion

Expression of the MT I/II and Ki-67 antigens have been
compared in various types of tumours in many previous
studies. They have been examined in tumours of large
intestine, adrenal cortex, oral cavity, prostate, mammary
gland, ovary, in soft tissue sarcomas and non-small cell lung
carcinomas (11-13, 18-23). In the majority of the studies, an
evident correlation has been found between the expressions
of MT and Ki-67 antigens (9, 11-13).

To date, studies on expression of MT and its isoforms in
benign and malignant lesions of thyroid gland have given
often contradictory results. Nartey et al. (24) demonstrated
expression of the proteins in only 20% of normal thyroid
glands and in 91% of neoplastic lesions in the organ. For
comparison, in the current studies as many as 97% of thyroid
tumours have been found to manifest expression of MT.
These results are partially consistent with recently published
data, which demonstrate a decreased expression of MT
isoforms in thyroid papillary carcinoma as compared to
benign lesions, although the current results showed an
increased expression intensity of MT in follicular carcinoma
(25-29). Ferrario et al. (26) demonstrated a decreased
expression of functional MT isoforms (MT1E, MT1G, MT1F
and MT2A) in papillary carcinoma and, on the basis of a
cellular model, they pointed to the potential role of MT1G
as a suppressor of the neoplastic process. In the papillary
thyroid carcinoma, a decreased expression of MT1G takes
place due to hypermethylation of the gene promoter (27).
Investigations conducted with the use of DNA based
microarrays have also demonstrated a decreased expression
of 13 MT genes in this type of thyroid tumour (29). The
observations are consistent with the earlier published results
on smaller case numbers (28). Other experiments have also
demonstrated a decreased inactivation of free radicals in
thyroid papillary carcinomas, which may be explained by a
lowered expression of MT in this malignancy (30, 31).
Studies of Liu et al. (32) showed that any of eight functional
MT isoforms may undergo expression under stimulatory
effect of cadmium and activation of  ERK1/2 kinases in cells
of thyroid papillary carcinoma. The cells in which the
isoforms manifested expression, manifested a shorter G1
phase and a more rapid transit into S and M phases of the

cell cycle. MT isoforms are also induced in cells of thyroid
anaplastic carcinoma under the effect of calcium ions, in
which the augmented MT expression resulted in an
abbreviated G1 phase of the cycle (33).

As compared to the current investigations, previously
conducted studies that demonstrated a decreased expression
of MT isoforms in malignant lesions were conducted on
lower numbers of cases. Studies of Liu et al. (32, 33) seem
to confirm the current results. The highly variable expression
of MT in individual types of thyroid tumours may point to a
variable cellular metabolism and their pronounced expression
in thyroid follicular carcinoma may be linked to resistance
to radiotherapy (34, 35). Low expression of MT in thyroid
medullary carcinoma may reflect a distinct metabolic profile
of thyroid C cells, from which the tumour originates.

The difference in MT expression between follicular
adenoma and follicular carcinoma may indicate a potential
to employ MT as an accessory marker, which would permit
differentiation of the lesions. This would facilitate the
difficult differential diagnosis of the two thyroid tumours,
although, taking into account the numerous contradictory
results related to expression of numerous MT isoforms in
malignant thyroid lesions, further studies are needed.
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