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Abstract. Background/Aim: The expression of metallothionein
LIl (MT-I/Il) was examined in thyroids of Graves’ disease (GD)
and nodular goiter (NG) patients to determine its role as a
potential ~marker of proliferation and autoimmune
inflammation in the thyroid. Patients and Methods: MT-1/II and
Ki-67 antigen expression was studied using immuno-
histochemistry in 72 GD and 24 NG patients. Results: MT-1/I1
expression was noted in the cytoplasm and nuclei of thyrocytes
of GD and NG patients. Cytoplasmic and nuclear MT-I/II
expression correlated strongly with GD (r=0.51; p<0.0001)
and NG (r=0.50; p=0.0137). Cytoplasmic MT-I/Il expression
was significantly higher in GD (mean IRS 9.24+2.36) than in
NG (mean IRS 7.13+2.51; p=0.0006) and correlated positively
with Ki-67 antigen expression (r=0.28; p=0.0165). Nuclear
MT-I/II expression was elevated in GD (mean 3.53+0.65) in
comparison to NG (mean 2.96+0.86; p=0.028). Conclusion:
MT-I/Il may be a potential marker of GD in the thyroid and
may be potentially involved in thyrocytes’ proliferation.

Graves’ Disease (GD) is an autoimmunological thyroid
disease first described by Robert Graves in 1835 (1).
Autoimmune diseases (AIDs) appear when the host immune
system turns against its own antigens, leading to the
dysfunction or destruction of target tissues and organs. AIDs
may develop through different mechanisms involving
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immune deregulation, genetic predisposition and influence
of environmental factors such as viral infections (1, 2). The
disease appears in genetically susceptible patients, of which
at greatest risk are patients with HLA DR3 (HLA DRB1*03)
and DQA1*0501 alleles (1). Other identified risk factors
include gender (women are up to 7-10 times more
susceptible to GD than men), smoking, history of lithium
treatment and low consumption of iodine (1). In GD,
thyroid-reactive T-cells are generated and infiltrate the
thyroid gland, leading to the production of B-cell derived
TSH receptor (TSHR) directed antibodies. These in turn
stimulate thyrocytes, resulting in their constant activation
and the production of thyroid hormones, triiodothyronine
(T3) and thyroxine (T4), that lead to hyperthyroidism (1, 3,
4). Antibodies directed against TSHR, also known as thyroid
receptor antibodies (TRAD), are clinically classified into at
least two groups: TSAb (thyroid stimulating antibodies) and
TSBADb (thyroid stimulation-blocking antibodies). TSAb
were shown to stimulate cAMP production and have been
identified as the main cause of hyperthyroidism observed in
the course of GD. On the contrary, TSBAb were shown to
cause hypothyroidism, though in some cases they may
possess some growth stimulating activity resulting in goiter
formation (4). GD is also accompanied by an interstitial
inflammation of the thyroid responsible for the generation of
cytotoxic amounts of reactive oxygen species (ROS) (5-7).
Metallothionines (MT) are non-enzymatic, conservative
among species, low-weight (6-7 kDA) metal-binding
proteins, which were discovered by Margoshes and Vallee in
1957 in equine kidneys (8, 9). Their polypeptide chain is
composed of 61-68 amino acids, out of which about 30% are
cysteines (9). The thiol (-SH) groups of these proteins are
responsible for metal binding (like Zn, Cd, Cu or Hg) and
transfer of Cu and Zn to the catalytic sites of various
enzymes (8, 10). MT are encoded by a family of genes
located in the human chromosome 16q13 (11). Four main
MT isoform groups may be distinguished (MT-I, MT-II, MT-
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III and MT-1V) (11, 12). MT-I and MT-II in humans have at
least eight functional isoforms (MT1A, MTI1B, MTIE,
MTIF, MTIG, MTIH, MTIX MT2A) and seven
nonfunctional ones (MT1C, MT1D, MT1I, MT1J, MT1K,
MTIL, MT2B) (11, 12). These isoforms are expressed in all
tissues, whereas the expression of the other two functional
isoforms is mainly found in the central nervous system (MT-
III) and stratified squamous epithelium (MT-IV) (13, 14).
However, numerous recent studies have shown that MT-III
expression may also be noted in various malignancies and
may be of significance with regard to patients’ prognosis
(15-20). MT-I/II expression may be found in the cytoplasm
and nucleus of normal and malignant cells (21).

The binding of Zn and Cu ions by MT regulate their
cellular levels and bioavailability to enzymes and transcription
factors, which are involved in key cellular processes as DNA
replication, transcription and translation (8, 22). In addition,
they are capable of protecting the cells from harmful agents
by forming inactive complexes with toxic metal ions or
scavenging ROS (23, 24). MT-I/Il expression was shown to
be induced by several stress factors such as metal ions, ROS
and glucocorticoids (9, 25-28). Lines of evidence suggest that
MT-I/Il may exert protective properties during inflammatory,
regenerative as well as degenerative processes (10, 29-33).
Moreover, cells with high mitotic rate are characterized by
high expression of MT-I/Il (9, 34-38). Indeed, MT-I/I
overexpression was found in various types of human
malignant tumors and often yielded prognostic and predictive
significance (34, 39-42). Ki-67 is the most frequently used
proliferation marker in routine histopathological diagnosis
using paraffin sections (36, 38). It is a non-histone protein,
expressed in the cell nucleus during proliferation, however its
exact biological functions remain to be determined (36, 43).
Numerous studies have shown a positive correlation between
MT-I/IT and Ki-67, which supports the proliferative role of
MT-I/II (12, 35-38, 44).

Recently it has been suggested that MT-I/Il may be a
marker of innate immune system activation (45, 46). Taking
into account that MT-I/II expression was studied in GD only
on a limited number of cases and with no regard to its
proliferative activity in thyrocytes of GD, we aimed at
examining its expression in GD patients using
immunohistochemical methods (45, 47). Moreover, MT-1/11
expression was analyzed in regard to the intensity of the
Ki-67 antigen expression in order to determine its possible
impact on the proliferation of thyrocytes.

Materials and Methods

Tissue specimens. The study was performed on archival paraffin-
embedded thyroid samples of 72 patients with GD and 24 patients
with nodular goiter (NG), which were operated in the Department
of General, Gastroenterological and Endocrinological Surgery of the
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Wroclaw Medical University between 2003 and2007. The mean age
of patients with GD was 39.10+12.77 (range=16-68 years), whereas
NG patients mean age was 40.67+12.20 (range=21-61 years).
Fifteen (20.8%) men and 57 (79.2%) women comprised the GD
group, whereas five (20.8%) men and 19 (79.2%) women, the NG
group. This study was approved by the Commission of Bioethics at
the Wroclaw Medical University.

Histopathological examination and immunohistochemistry (IHC).
Tissue samples were fixed in 10% buffered formalin, dehydrated and
embedded in paraffin blocks. Renewed histopathological
examination to verify the diagnosis was performed on 6-um thick
sections stained with haematoxylin and eosin (H&E).
Immunohistochemical reactions were performed as previously
described on 4-pm thick paraffin sections mounted on Superfrost
Plus Slides (Menzel Gliser, Braunschweig, Germany), deparaffinised
in xylene and gradually rehydrated (12). Briefly, in order to unmask
the analyzed antigens, the sections were treated with Target Retrieval
Solution buffer (95°C, pH 9, 20 min) and subsequently cooled in
distilled water and 1xPBS. Then, the blocking of endogenous
peroxidase was performed by incubating the sections in 3%
hydrogen peroxide for 5 min. Next, the primary monoclonal
antibodies directed against MT-I/II (clone E9, 1:100) and Ki-67
(clone MIBI1, ready-to-use) were applied for 20 min at room
temperature in an Autostainer Link 48. Visualisation of the studied
antigens was performed with the use of biotinylated antibodies and
streptavidin conjugated with horseradish peroxidase (EnVision™
FLEX+ Mouse HRP). As a substrate for the reaction, 3,3’-
diaminobenzidine (DAB) was used. All the reactions were conducted
using negative controls and all the slides were counterstained with
haematoxylin. All the antibodies, reagents and equipment were
obtained from DakoCytomation (Glostrup, Denmark).

Evaluation of IHC reactions. The IHC sections were evaluated by
using a BX-41 light microscope (Olympus, Tokyo, Japan) by two
independent pathologists who were blinded to the patients’ clinical
data. In doubtful cases a re-evaluation was performed using a double-
headed microscope and the staining was discussed until a consensus
was achieved. For the evaluation of the cytoplasmic MT-I/II
expression, the immunoreactive score (IRS) of Remmele and Stegner
was utilized (48). The scale takes into account the percentage of cells
with positive reaction (0 points: absence of cells with positive
reaction, 1 pt.: 1-10% cells, 2 pts.: 11-50%, 3 pts.: 51-80%, 4 pts.:
over 80% cells with positive reaction) and the intensity of the colour
reaction (0: no reaction, 1: low intensity, 2: moderate intensity, 3:
intense colour), yielding a final score of O to 12, which is the product
of these two variables. Nuclear MT-I/II and Ki-67 antigen expression
in follicular cells was assessed in whole tissue sections using a five-
point cell positivity scoring system. The score was encoded as
follows: 0 (0% cells stained), 1 (1-5% cells stained), 2 (6-10% cells
stained), 3 (11-20% cells stained), 4 (21-100% cells stained) (49).

Statistical analysis. The obtained results were subjected to statistical
analysis using Prism 5.0 (GraphPad, La Jolla, CA, USA). Shaphiro—
Wilk normality test was utilized to test the normality of the
distribution. The Mann—Whitney U-test was applied to compare the
differences in expression of the studied markers between the groups.
The correlation between the expression intensities of the selected
markers was examined by using the Spearman’s correlation test. The
results were considered significant at p<0.05.
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Figure 1. Comparison of cytoplasmic (A, B) and nuclear (C, D) MT-1/Il expression in NG (A, C) and GD (B, D). Of note, the intensities of
cytoplasmic, as well as nuclear reactions are weaker in NG tissues as compared to those observed in GD cases. In the latter a high concomitant
intensity of expression of MT-1/Il in the cytoplasm and nucleus of thyrocytes occurred.

Results

The expression of MT-I/II was noted in the cytoplasm, as
well as in the nuclei of thyrocytes of GD and NG patients.
It is worth notifying that GD cases were characterized by
intense concomitant cytoplasmic and nuclear expression of
MT-I/II (Figure 1). Both expression patterns (cytoplasmic
and nuclear) of MT-I/II correlated strongly with GD (r=0.51;
p<0.0001) and NG (r=0.50; p=0.0137) patients (Figure 2).
Statistical analysis revealed that the cytoplasmic MT-I/II
expression was significantly higher in GD (mean IRS
9.24+2.36) than NG (mean IRS 7.13+2.51; p=0.0000).
Similarly, the nuclear MT-I/II expression was elevated in GD
(mean 3.53+0.65) compared to NG (mean 2.96+0.86;
p=0.028). Moreover, thyrocytes in GD showed a
significantly higher Ki-67 antigen expression compared to

NG (mean 1.01+0.81 vs. 0.33+£0.70; p<0.0001; Figure 3). A
significant positive correlation was observed between the
cytoplasmic MT-I/II expression and Ki-67 antigen expression
in GD (r=0.28; p=0.0165; Figure 4).

No significant correlations were noted between the
cytoplasmic as well as nuclear MT-I/II expression patterns
and patients’ age in the particular study groups and when
both groups were analyzed together. No differences in the
expression intensities of the studied IHC markers in regard
to patients’ sex in GD and NG lesions were noted.

Discussion
In this research elevated cytoplasmic and nuclear expression

of MT-I/Il was shown in thyroids affected by GD in
comparison to NG tissues. Our results are in accordance with
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Figure 2. Spearman correlation test revealed a strong positive
correlation of nuclear and cytoplasmic MT-I/II expression in GD
(r=0.51; p<0.0001; A) and NG (r=0.50; p=0.0137; B).

the results of two previous studies on significantly smaller
GD patient cohorts, which demonstrated an increased
expression of MT-I/II in GD cases (45, 47). Moreover, our
results also corroborate the results of the transcriptomic
analysis, which revealed MT-I/II upregulation in comparison
to normal thyroid glands (46).

In the descriptive study of Schmid et al., MT-I/II
expression was noted in all 32 analyzed specimens of GD
(47). Similar to our observations, the staining intensity, as
well as the distribution of MT-I/II expression, differed
among the analyzed cases. Moreover, MT-I/II staining was
prominent in the hyperplastic areas of GD in contrast to
other thyroid areas which lacked hyperplastic features (47).
Interestingly, Ruiz-Riol et al. noted a strong cytoplasmic
MT-I/II expression in 9 out of 14 studied cases of GD. In this
study, none of the analyzed cases of Hashimoto’s disease and
NG was characterized by MT-I/II expression. Therefore MT-
I/IT was proposed as a tissue marker of cellular stress in AID
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Figure 3. Cytoplasmic (A), nuclear (B) MT-I/II and Ki-67 antigen (C)
expression in GD and NG patients. **p<0.01, ****p<0.0001; Mann—
Whitney test.

of the thyroid (45). Surprisingly, its expression increased in
HT93 thyroid cell line upon combined stimulation with
interferon y (IFNy) and ZnCl, with its peak expression
achieved at 48 h, whereas the HLA class II (regarded as a
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Figure 4. Correlation of cytoplasmic MT-1/II and Ki-67 antigen expression
in GD patients (r=0.28; p=0.0165; Spearman’s correlation test).

marker of thyroid autoimmune inflammation) expression
increased in response to IFNvy alone (45). This points to a
differentiated expression regulation of both proteins.
Moreover, in IHC sections, thyrocytes with MT-I/II
overexpression were characterized by a less prominent
aberrant HLA class II expression (45).

Numerous studies have shown, that MT-I/II expression
may be stimulated in response to several factors, e.g. ROS,
glucocorticoids, metal ions or cytokines (21, 25, 26). Cellular
stress may also occur in the course of AID of the thyroid,
including GD (50). Inflammatory reaction is induced by an
autoimmune process leading to local generation of ROS in
the thyroid (5). In normal, healthy conditions, ROS are
formed as a metabolic product necessary for the cellular
functions of thyrocytes. During the synthesis of thyroid
hormones, hydrogen peroxide, a highly reactive oxidant, is
formed, which together with oxidized iodine is used in the
peroxidation reaction catalyzed by thyroid peroxidase.
Peroxiredoxin, thioredoxin, glutathione peroxidase and
catalase function as anti-oxidants protecting the thyrocytes
from ROS damage (5). However, under pathological
conditions, high levels of ROS may overcome the protective
capacity of the aforementioned enzymes leading to “oxidative
stress”, resulting in the damage of thyrocytes (5, 51). In the
thyroid, rapid changes in iodine intake may chemically stress
the thyrocytes and trigger an autoimmune response (5, 45).

The observed elevated expression of MT-I/II in thyrocytes
of GD could be, therefore, partially explained by the
stimulatory role of generated ROS during the inflammatory
process. However, it should be noted that although MT-I/II
expression rose in vitro in HT93 in response to IFNy and
ZnCl, stimulation, no correlation was noted between MT-I/II

expression and lymphocytic infiltration in GD tissues (45).
Moreover, in light of the results of Ruiz-Riol et al., the
mechanism of induction of MT-I/II expression seems to be
different from that of HLA class II antigens, which are
commonly expressed by thyrocytes affected by an
autoimmune inflammatory reaction (45).

MT-I/II may act in thyrocytes affected by an inflammatory
reaction as potent antioxidants reducing the damage caused
by ROS (8, 10). It was demonstrated that oxidative stress is
capable of inducing the translocation of MT-I/II to the
nucleus, where they exert their protective functions (52).
Moreover, elevated expression of MT-I/II in GD thyrocytes
may lead to the activation of particular transcription factors
leading to increased cellular proliferation (8, 34, 53). This
hypothesis is strongly reflected by the results of this study,
as MT-I/Il expression correlated positively with the
expression of the Ki-67 antigen. Interestingly, these
proliferative effects of MT-I/II seem to be restricted only to
GD, as no correlation was observed between these proteins
in follicular adenomas and cancers of the thyroid (54). Based
on recent findings and the results obtained in this study, MT-
I/IT in GD may be involved in diminishing the lesions caused
during the interstitial inflammation (10, 33, 45).

In summary, MT-I/II expression (cytoplasmic as well as
nuclear) is elevated in GD compared to NG. Moreover, the
importance of MT-I/II expression in GD is underlined by the
observed positive correlation of its expression and the
expression of the Ki-67 antigen. Although in light of the
mentioned previously studies it is becoming apparent that
MT-I/Il may play a role in the pathogenesis of GD, its exact
role remains to be determined.
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