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Metallothioneins (MT) are low molecular weight pro-
teins present both in normal and in neoplastic cells. They
represent the main mechanism of the cell which protects it
from action of heavy metal ions and the principal zinc-bind-
ing proteins. MT act as controllers of zinc-dependent
enzymes, participating, i.a., in cell proliferation processes.
The latter is of basic significance also in neoplastic diseases.
Despite the relatively short period of studies on the role of
MT in neoplastic processes, several data confirm their prog-
nostic significance. Such data have been obtained in studies
on expression of the proteins in breast, renal, urinary blad-
der, ovarian, laryngeal and lung cancers. MT are thought
to play certain role in carcinogenesis, as indicated by results
of studies on malignant tumors of large bowel, liver and
stomach. The frequently noted positive correlation between
MT expression and the expression of Ki-67 and PCNA
antigens points to role of the proteins in the cell proliferation
mechanism. Results collected and discussed in present
paper, obtained by various authors and related to the role
of MT expression in cells of various malignant tumors sug-
gest a potential for using the protein as a prognostic factor
in neoplastic diseases. 

Introduction

Metallothioneins (MT) are low molecular weight about
7kDa) proteins present in the entire animal world. They
consist of a polypeptide chain of, depending upon their type,
61 to 68 amino acids, of which around 30% are cystein
residues. The latter represent a significant component of MT
structure due to their thiol (-SH) groups, through which metal
ions are bound [8]. In the structure of MT two domains can
be distinguished (α and β), which are linked through a lysine
dimer. The domain α binds four Cd ions, while the domain
β captures three metal ions, including two Zn ions and one
Cd ion (Fig. 1). Regions of MT domain β, containing amino
amid sequences 1 to 5 and 20 to 25, exhibit the most
pronounced antigenicity. Studies on structure and function
of MT permitted to distinguish four main types of the
proteins: MT-I, MT-II, MT-III and MT-IV. In human cells,
MT are encoded by 15 genes localized in chromosome 16.
They include genes for MT-II, MT-III, MT-IV and a group
of 12 genes for MT-I. Genes of MT-I and MT-II undergo

expression in multiple tissues and organs as well as in cells
of several tumors. On the other hand, expression of the gene
for MT-III has been detected only in cerebral neurons. In
turn, expression of the gene for MT-IV is restricted to
stratified squamous epithelium of the skin and upper ga-
strointestinal tract [49]. Presence of the proteins and of their
mRNAs in cells of various tissues can be detected by specific
techniques (ELISA, radioimmunological techniques, immu-
nohistochemistry, Western-blot and Northern-blot, RT-PCR
and in situ hybridization), evaluating directly or indirectly
their type and amount. The immunohistochemical technique
is one of the most frequently employed approaches to MT
detection in tumors, taking advantage of specific antibodies
directed to specific antigenic determinants of MT. Under a
light microscope, the technique allows to evaluate the site of
protein expression, its distribution in the cells (cell nucleus,
cytoplasm) and to estimate intensity of the color reaction.
MT can be localized in cell nucleus and/or in cytoplasm. It
shows a variable character, depending upon the type of
normal or neoplastic tissue examined [3]. Immunohisto-
chemical technique is routinely used in histopathological
diagnosis to evaluate expression of, e.g. estrogen receptors
(ER), progesterone receptors (PgR), HER-2 receptor in
breast cancers as well as many other accessory markers,
useful in establishing prognosis and indispensable in docu-
menting histological type of the tumor. Using immunohis-
tochemical reactions to detect selected tumor antigens,
intensity of the reaction as well and the number of positive
cells are recorded. Thus, the results favorably compare with
quantitative (biochemical) data which provide no informa-
tion on the site of manifestation of a given antigen. 

The principal and the earliest to be recognized function
of MT involves their effects on metal homeostasis in the cell.
MT represent the principal protective mechanism of a cell
against action of free ions of toxic metals (e.g., cadmium,
lead, mercury, copper). Binding of the ions by MT leads to
formation of inactive complexes [70]. Apart from their
detoxifying role, MT are cellular proteins which bind zinc.
Therefore, MT can act as controllers of zinc-dependent
enzymes, such as enzymes which play role in DNA replica-
tion, transcription, translation and in energy turnover in the
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cell. Regulatory sequences of MT genes can induce tran-
scription of the genes. Such regulatory sequences are sensi-
tive to augmented levels of heavy metals, glucocorticoids,
interferon and other agents. Specific transcription factors
interact with the regulatory sequences through mediation of
the so called zinc fingers, the proteins which can function
only in presence of Zn ions. Interactions within elements of
the system result in augmented synthesis of MT (Fig. 2).
Therefore, MT play a significant role in processes of cellular
protection from actions of harmful agents (metals, free radi-
cals, etc.) and in mechanisms which control growth, dif-
ferentiation and proliferation of cells [2]. Moreover, the
augmented expression of MT in tumor cells was demon-
strated to be linked to their enhanced resistance to cytotoxic
agents. This has been explained by the ability of MT to
inactivate free radicals, generated by some anti-neoplastic
drugs (anthracyclins), and to bind selected chemotherapeu-
tics (cisplatin, carboplatin) which results in inactive forms
[51, 61]. These potential effects of MT activity have induced
interest in their role in a neoplastic process, in which princi-
pal disturbances in the affected cells involve defects leading
to uncontrolled proliferation of the cells and to inhibition of
their differentiation. In view of the above the question arises
as to significance of metallothionein expression in tumor
cells. 

Expression of metallothioneins in breast
carcinoma cells

Breast cancer represents one of the most frequently
developing malignant tumor in women worldwide. In breast

carcinomas numerous prognostic variables were defined.
They include size of the primary tumor, presence of meta-
stases to axillary lymph nodes, histological type of the tumor
and grade of differentiation (G). Development of molecular
biology techniques permitted to distinguish several other
markers, which represent protein components of tumor cells.

Fig. 1. Structure of metallothioneins (MT). The two domains of
polypeptide chain (α and β) are linked by a lysine dimmer. Domain
α binds four cadmium (Cd) ions, domain β binds two zinc (Zn) ions
and one cadmium (Cd) ion.

Fig. 2. Mechanism of metallothio-
nein (MT) synthesis, induced by
heavy metals and/or by interferon
(IF). Metal ions and/or interferon
affect the transcription factor (→ al-
tered conformation), which through
the so called zinc fingers interacts
with regulatory sequences of MT
gene, leading to its activation. The
transcription results in MT mRNA
and respective translation yields me-
tallothionein, which binds heavy
metal ions in the cell.
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The most important ones include estrogen receptors (ER),
progesterone receptors (PgR), markers of cell proliferation
(Ki-67, PCNA) and exponents of resistance to cytostatic
drugs [15]. Also MT belong to factors which are suggested
to indicate proliferative potential of tumor cells as well as
reflect resistance to anti-neoplastic drugs [7, 55].

Breast cancer was one of the first tumors in the cells of
which MT was demonstrated using immunohistochemical
techniques. Cells of ductal breast carcinoma demonstrate
expression of two MT isoforms, MT-I and MT-II (Fig. 3)
[1]. Eventually, also expression of MT-III isoform was
demonstrated [52]. In a decisive majority of cases,
augmented intensity of MT expression was observed in
breast cancer cells, correlating with a more rapid progression
of the diseases, i.e., with worse prognosis [52, 75]. Jin et al.
[36, 37] demonstrated that expression of MT-I and MT-II
isoforms positively correlated with the grade of differentia-
tion (G) and expression of Ki-67 antigen [36, 37]. Also in
our studies, performed on the material of ductal breast
carcinoma, positive correlation was noted between MT-I and
MT-II expression and intensity of Ki-67 antigen expression.
Moreover, MT expression was most pronounced in the
poorly differentiated cancers (G2, G3) [59]. The data have
corroborated earlier hypotheses on the role of MT in pro-
cesses of cell proliferation and differentiation. The observa-
tion was also interesting, confirmed by results of a few
authors, that MT expression (MT-I, MT-II) was enhanced in
cells of breast cancer showing no expression of estrogen
receptors (ER) [26, 35]. The cases of breast cancer which
manifest absence of ER expression show a more aggressive
course and, thus, a less favorable prognosis. 

The above listed facts on MT expression in breast cancer
cells allow to conclude that manifestation of the protein is
linked to a higher proliferative potential of tumor cells and,
thus, faster progression of the disease and worse prognosis.
The hypothesis has been confirmed by Vasquez-Ramirez et
al. [71], who noted that augmented expression of MT in
breast cancer cells correlated with more frequent appearance
of metastases and shorter survival of the patients. Using not
only the immunohistochemical but also quantitative tech-
niques, a three-fold increase was demonstrated in MT levels
in nuclear fraction of ductal breast cancer cells, as compared
to cells of benign breast dysplasia (mastopathy) [16].

Another interesting fact involves MT expression (MT-I
and MT-II) in myoepithelial cells composing both normal
structures of the breast and neoplastic foci in the organ [34].
Several reports suggest effects of myoepithelial cells on
biology of breast cancer. Absence of the cells promotes
higher invasiveness and formation of metastases [10]. Jin et
al. [34] using immunohistochemical techniques demon-
strated augmented expression of MT in myoepithelial cells
of normal breast structures as well as in such cells surround-
ing neoplastic foci. Also in cases of pre-invasive breast

cancer MT expression was observed in myoepithelial cells.
Lele et al. [41] in turn detected MT expression in myoepi-
thelial cells in every other case of benign lesions which
imitated breast cancer (radial scar) but absence of the ex-
pression in a case of well differentiated cancer (tubular
carcinoma). In our studies, the highest intensity of MT
expression in myoepithelial cells was detected in myoepi-
thelial cells of well differentiated cancers (G1). The lowest
intensity of MT expression in myoepithelial cells was noted
in poorly differentiated cancers, highly aggressive and mani-
festing rapid progression (G3) [59]. 

The presented data indicate that MT expression in breast
cancer cells and in myoepithelial cells of the tumor may
represent an important prognostic variable. Intensity of MT
expression in breast cancer cells positively correlates with
the grade of differentiation, expression of Ki-67 antigen and
with frequency of metastases to axillary lymph nodes. Corre-
lation of recognized prognostic parameters (G, expression of
Ki-67, metastases to lymph nodes) with MT expression has
been confirmed by shorter survival in breast cancer cases
with pronounced MT expression.

Expression of metallothioneins in tumors of
alimentary tract

Tumors of the large bowel

Colorectal carcinoma represents the most frequently
manifested malignant tumor of alimentary tract. Due to the
absence of specific signs and symptoms, in a vast fraction of
cases tumor is detected relatively late when the advanced
process can not longer be effectively cured. Also, no inde-
pendent specific markers are available which would permit
precise estimation of prognosis in patients with the tumor.
In this part of gastrointestinal tract adenocarcinoma is the
main histological type of the tumors. Pathogenesis of the
neoplasm involves a significant role of genetic defects and
various inflammatory lesions, such as ulcerative colitis and
Crohn’s disease. In sequels of either of the latter diseases,
the chronic inflammatory process results in dysplastic le-
sions in intestinal epithelium and may lead to development
of adenocarcinoma [74].

Bruewer et al. [4, 5] demonstrated augmented expres-
sion of MT in the inflammatory bowel disease, which posi-
tively correlated with intensity of the inflammation. They
studied also MT expression at individual stages of dysplasia
in intestinal mucosal cells in ulcerative colitis, which precede
development of colorectal carcinoma. The most extensive
MT expression was noted in cases with the lowest grade of
dysplasia. The lowest expression of MT was noted in cells
of the cancer while in the control cells of normal intestinal
mucosa practically no MT expression was detected. The
authors evaluated also expression of p53 antigen as a poten-
tial marker of carcinogenesis, the expression intensity of
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which was strictly reciprocal to that of MT (negative corre-
lation) and reached peak values in neoplastic cells. In cases
of ulcerative colitis, expression intensities of the two markers
were also negatively correlated with each other and expres-
sion of MT was most pronounced. The results may point to
MT role as an early marker of colorectal carcinoma risk.
Reports on MT expression in cells of colorectal carcinoma
have yielded contradictory data. Several authors claim that
MT expression fails to correlate with stage of the disease or
survival. Ioachim et al. [25] demonstrated a reciprocal rela-
tion between MT expression and expression of CD44
antigen, the index of invasiveness and metastatic potential
of the tumor. Other authors noted a strongly positive relation
between MT expression in cells of primary colorectal adeno-
carcinoma on the one hand and duration of survival/fre-
quency of metastases to lymph nodes on the other [21].
Sutoch et al. [60] examined effect of multidrug resistance
(MDR) proteins and of MT expression on survival of pa-
tients with colorectal carcinoma. They noted a significantly
shorter survival in the patient group with high expression of
the markers. In our studies on 81 cases of primary colorectal
adenocarcinoma we compared expression of MT in cells of
the cancer (Fig. 4) with several clinico-pathological vari-
ables [11] . Expression of MT was found to be significantly
higher in tumors of the poorest differentiation (G3). More-
over, expression of the protein strongly correlated with
manifestation of Ki-67 antigen, indicating high proliferative
activity of cells. In subsequent studies we noted increase in
MT expression in cancer at most advanced stages of the
disease, considering the depth of intestinal wall infiltration.
No significant differences were detected in survival of the
patients, which could be related to intensity of MT expres-
sion. Nevertheless, patients with the most pronounced MT
expression in cells of primary colorectal adenocarcinoma
were found to die earlier [11].

The data presented above do not allow to draw unequi-
vocal conclusions as to the role and significance of MT
expression in cells of primary colorectal adenocarcinomas.
The contradictory data on relations between MT manifesta-
tion and various clinico-pathological variables may reflect
the lack of uniform investigated groups and comparisons
involving various indices. Undoubtedly, MT expression in
cells of colorectal cancer plays certain role both in the
carcinogenesis process which results in development of the
tumor and in the course of the disease.

Cancer of the liver and pancreatic tumors

Few reports are available on MT expression in tumor
cells in parenchymatic organs of alimentary tract. Deng et
al. [9] evaluated expression of MT and apoptosis in primary
liver carcinomas and in metastases of colorectal adenocarci-
noma to the organ. Using immunohistochemical technique
they demonstrated MT expression in 11 out of 13 cases of

primary hepatocellular carcinomas. On the other hand, no
such a protein could be demonstrated in cells of metastatic
tumors. In turn, the fraction of apoptotic cells was signifi-
cantly lower in MT(+) cancers as compared to cells of MT(-)
metastases of adenocarcinomas. Other authors compared
expression of MT in primary liver carcinoma with expres-
sion of the protein in pseudoneoplastic lesions and in normal
cells. They detected a lowered expression intensity of MT in
tumor cells as compared to expression in normal cells and in
pseudoneoplastic lesions [23]. Similarly to Deng et al. [9],
Stenram et al. [57] in a large group of cases (37 primary liver
carcinomas and 117 metastases of colorectal adenocarcino-
ma) detected lowered intensity of MT expression or its
absence in the metastases.

The pancreas was the other parenchymatic organ of
alimentary tract, the tumors of which were tested for MT
presence. Tomita [66] examined expression of MT-I in
primary tumors developing from various types of pancreatic
island cells. He noted variability in MT-I manifestation.
MT-I expression was observed in almost 100% of insulino-
mas. Total absence of the expression was observed in gluca-
gonoma-type tumors while the intensity of MT expression
in gastrinoma was very low.

Cancers of upper alimentary tract

Mainly squamous cell carcinomas of the upper alimen-
tary tract represent still another group of tumors. Cardoso et
al. [6] examined expression of MT in 60 cases of squamous
cell carcinoma in oral cavity as compared to clinico-patho-
logical variables, including TNM classification, grade of
differentiation (G), expression of Ki-67 antigen, and to
survival of the patients. They found a complete lack of
correlation between MT expression on the one hand and
TNM classification, G or Ki-67 antigen expression on the
other. The patients in whom over 76% of cancer cells
manifested MT expression showed a significantly shorter
survival. The data indicate that MT expression is an inde-
pendent prognostic factor in primary cancers of oral cavity,
not linked to other clinico-pathological variables. 

Similarly to tumors of oral cavity, MT manifestation
was examined also in esophageal tumors. In course of the
studies relatively consistent results were obtained, pointing
to prognostic significance of the proteins. Hishikawa et al.
[22] analyzed MT expression in 57 cases of squamous cell
carcinomas using the immunohistochemical technique and
RT-PCR (detecting mRNA for MT). The results were com-
pared to clinico-pathological variables and to patient survival
time. The authors noted positive correlation between intens-
ity of MT and MT mRNA expression on the one hand and
metastases of cancer cells to regional and distant lymph
nodes on the other. Survival analysis demonstrated shorter
survival of patients in whom tumor cells showed more
pronounced MT expression. Moreover, the authors exam-
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ined correlation between MT expression and expression of
PCNA antigen documenting that it was positive and highly
significant. Once again, this points to a role of MT in
mechanisms of cell proliferation and suggests potential for
using MT expression as a prognostic index in esophageal
tumors. Kishi et al. [39] studied expression of MT in the
course of chemo- and radiotherapy. In samples of esophageal
tumors (squamous cell carcinoma) obtained before the treat-
ment they estimated MT and p53 protein using immunohis-
tochemical techniques. Patients with tumors in which cells
were positive for MT and p53 were less responsive to
treatment and had shorter survival. Thus, MT expression in

esophageal cancers may not only affect prognosis but also
may influence results of treatment. 

Gastric carcinoma

Relatively few reports have been published on MT
expression in gastric tumors. The studies which appeared till
now provided highly consistent results. Tuccari et al. [68]
evaluated 112 cases of primary gastric carcinoma at the early
or late stage and noted a significantly higher expression of
MT in less advanced tumors. The parameter did not correlate
with various clinico-pathological variables or with patient
survival time. Also Ebert et al. [13] in a rather scanty material
(35 cases of gastric carcinoma) obtained similar results in
studies on MT expression in the tumors. Interestingly, the
expression proved markedly higher in dysplastic and meta-
plastic lesions which accompanied the tumor. The observa-
tion has confirmed the hypothesis on potential role of MT in
neoplastic transformation in gastric mucosa. Janssen et al.
[31] evaluated manifestation of MT in tumor cells of the
stomach using two independent approaches, radioimmuno-
logical technique and immunohistochemical one. The two
techniques provided consistent results: the content and ex-
pression of the protein was significantly higher in cells of
normal gastric mucosa as compared to tumor cells. They
observed no correlation between MT content in cells of
gastric carcinoma and clinico-pathological variables or pa-
tient survival time [30]. The data allow to assume that MT
expression in cells of gastric cancer does not seem to be a
prognostic factor. On the other hand, the expression may be
an exponent of the tumor risk (similarly to pre-neoplastic
conditions in the large bowel [4, 5]), which is manifested by
increased intensity of the protein expression in metaplastic

Fig. 4. Expression of metallothionein (isoforms MT-I and MT-II),
obtained by immunohistochemical reaction in the paraffin section
of primary colorectal carcinoma. The brown color reaction can be
noted both in the cytoplasm and in cell nuclei of cancer cells.
Hematoxylin counterstaining. Magn. 200x.

Fig. 5. Expression of metallothionein (isoforms MT-I and MT-II),
obtained by immunohistochemical reaction in the paraffin section
of synovial sarcoma (biphasic type). The brown color reaction can
be noted in cell nuclei and in cytoplasm of epithelioid and fusiform
cells of the tumor. Counterstaining with hematoxylin. Magn. 200x.

Fig. 3. Expression of metallothionein (isoforms MT-I and MT-II),
obtained by immunohistochemical reaction in the paraffin section
of ductal breast carcinoma. The brown color reaction can be noted
both in the cytoplasm and in cell nuclei of cancer cells. Hematoxylin
counterstaining. Magn. 100x.
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and dysplastic lesions of the mucosa, which predispose the
cells to neoplastic transformation. 

Gallbladder carcinoma 

Till today only one report has been published on MT
expression in the cancer of gallbladder. In 27 cases of the
cancer MT expression was immunohistochemically exam-
ined and compared to results obtained in control cases (8
cases of chronic cholecystitis, 7 samples of normal mucosa).
The highest intensity of MT expression was noted in tumor
cells, much lower was the expression in inflammatory con-
ditions and complete absence of the protein was disclosed in
samples of normal gallbladder mucosa. Moreover, maxi-
mum intensity of MT expression was observed in poorly
differentiated cancers (G3). The results encourage further
investigative attempts since they point to a potential prog-
nostic value of MT expression [53].

As noted above, only in few primary tumors of various
parts of alimentary tract intensity of MT expression may
correlate with aggressiveness of the pathological process,
effects of applied treatment and may represent a significant
prognostic factor. 

Expression of metallothioneins in tumors of
urogenital system

Renal carcinoma

In cells of clear cell carcinoma of the kidney presence
of two basic MT isoforms was documented, including MT-I
and MT-II [47]. In recently published studies the results on
expression of the proteins in the cancer are highly consistent.
In each case an augmented intensity of MT expression was
observed, negatively correlated with grade of differentiation
(G). In cases of poorly differentiated tumors (G3), expres-
sion of the protein was most pronounced. Some authors
performed also a survival analysis in patients with clear cell
carcinoma of the kidney and demonstrated much shorter
survival in MT(+) cases [48, 69]. Although the hypotheses
of MT prognostic significance in primary cancers of the
kidney are based on just few reports, the results are highly
compatible. Moreover, Zhang et al. [76] detected increased
frequency of apoptosis in cells of renal clear cell carcinoma,
which was directly related to intensity of MT expression. The
results may point to a significant role of MT in cell prolife-
ration processes, of which apoptosis is an important element.

Urothelial carcinoma

Urothelial carcinoma represents another tumor of uro-
genital system in which MT expression was examined. It is
characterized by an ill-defined prognosis. A number of
studies were performed in the recent four years, in which MT
expression was confirmed in tumors of this type. Moreover,

the increased expression of MT paralleled the tumor grade
and stage of the disease. Also the analysis of survival dem-
onstrated that MT(+) cases of urothelial carcinoma were
associated with shorter survival of the patients [27, 50, 56].
Other authors described also augmented resistance of MT(+)
urothelial and prostate carcinomas to cytostatic drugs used
in treatment of the tumors [42, 54].

Neoplasms of testes

Results completely different than the above ones were
presented by Eid et al. [14] who examined immunohisto-
chemically MT expression in 77 cases of primary germ cell
tumors of testes. The cases in which MT expression in tumor
cells showed higher intensity responded better to chemother-
apy. The results contradict those pertaining tumors of other
organs. This indicates how restricted knowledge on MT is
available at present and how variable role may MT play in
the mechanism of multidrug resistance to cytostatic drugs in
various tumors. 

Ovarian cancer

Relatively multiple studies were performed on MT
expression in primary tumors of the ovary. Interesting results
were presented, i.a., by Tan et al. [63], who compared
intensity of MT expression in serous tumors of the organ,
including benign, borderline and malignant forms. The re-
sults demonstrated that the highest MT expression was seen
in cancers, a lower one in borderline tumors and the lowest
one in benign tumors. The same authors analyzed MT
expression in mucinous tumors of the ovary. In this histo-
logical type the most intense MT expression was observed
in borderline tumors and the lowest in benign neoplasms
[62]. This points to the potential of using MT as a helpful
marker in diagnosis and in the appraisal whether a given
tumor already represents a malignant form, which is linked
to appropriate therapeutic decisions. In turn, Wirigley et al.
[73] used radioimmunological techniques to evaluate MT
content in ovarian tumors before chemotherapy. They de-
tected no relationship between patient survival and MT
content in the tumors. Hengstler et al. [20] analyzed MT
expression by immunohistochemical techniques in 151 pri-
mary and 38 relapsing malignant tumors of the ovary and
correlated the expression with patient survival, grade,
stage, presence of estrogen receptors (ER) and proges-
terone receptors (PgR). They found that MT expression
was least pronounced in G1 and it was higher in G2 and
G3 tumors. A relation to stage was only partial. MT
expression was found independent of the receptor (ER,
PgR) status. Worse prognosis (shorter survival) was found
for patients with MT(+) cases. Mc Cluggage et al. [45]
examined 139 various types of ovarian tumors and de-
tected MT expression in 56% of cases. They noted that
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8



intensity of MT expression was directly related to grade (G)
of the tumor.

Manifestation of MT in cells of primary ovarian tumors
not always confirms the hypothesis on its prognostic role.
However, most of the published papers evaluating presence
of MT in ovarian cancer cells indicate usefulness of the
variable for appraisal of malignancy and of prognosis. 

Uterine carcinoma

Up to now, only two studies have been published on MT
expression in endometrioid adenocarcinomas of uterine cor-
pus [28, 44]. In the tumors a positive correlation was detected
between intensity of MT expression on the one hand and
expression of Ki-67 antigen, p53 and grade of the tumor (G)
on the other. A reverse relation was observed between MT
expression and presence of ER and PgR. The data may
indicate also a reciprocal relationship and effects of receptor
proteins (ER, PgR) and of p53 protein on synthesis of MT
[28, 44].

Expression of metallothioneins in tumors of
the respiratory tract

Epidemiological data indicate that lung cancer is the
most frequent malignant tumor worldwide, both when mor-
bidity and mortality are considered. According to the World
Health Organization, four basic histological types of the
tumor can be distinguished, including squamous cell carci-
noma, adenocarcinoma, giant cell carcinoma and small cell
lung carcinoma. When biology of the lesion is taken into
account, the first three types decisively differ from the latter
one (which exhibits a more aggressive course and worse
prognosis) and, therefore, the first three types together used
to be termed the non-small cell lung carcinoma [46].

For a long time attempts have been made to detect
independent predictive markers useful in prognostic evalu-
ation and in therapeutic practice. In the recent two years a
few studies were published which pertained MT expression
and its role in lung tumors. Joseph et al. [38] examined
immunohistochemically 58 cases of small cell lung carcino-
ma and detected expression of MT (isoforms I and II) in 45%
of cases. Patients with MT(+) tumors demonstrated shorter
survival and intensity of MT expression in cells of the tumors
was directly related to frequency of PCNA(+) cells. Theo-
charis et al. [65] studied a group of non-small cell lung
carcinomas and evaluated immunohistochemically expres-
sion of, i.a., MT. The highest proportion of MT(+) tumors
was noted in the group of squamous cell carcinomas (74%),
followed by adenocarcinomas (34%) while the protein was
completely absent in small cell lung carcinomas. The authors
detected no correlation of MT expression with other clinico-
pathological variables. Volm et al. [72] as well as Mattern et
al. [43] examined non-small cell lung carcinomas in respect

to their resistance to cytostatic drugs. Both in in vitro and in
vivo experiments they noted higher resistance to doxorubicin
of MT(+) cells. Moreover, intensity of MT expression was
directly related to the grade (G) and expression of another
protein responsible for multidrug resistance to cytostatic
drugs, glutathione-s-transferase-π (GST-π). 

At present it seems too early to draw convincing con-
clusions on the role of MT expression in malignant tumors
of lungs. Nevertheless, preliminary results point to certain
prognostic significance of MT, also in respect to applied
treatment. 

Still other authors undertook to examine MT manifes-
tation in tumors of the upper respiratory tract. Ioachim et al.
[24] compared expression of MT with those of PCNA and
p53 protein in 44 cases of laryngeal squamous cell carcino-
ma, few dozens of pre-invasive cancer, dysplasia, papilloma
and leukoplakia. They found that intensity of MT expression
was directly related to the number of PCNA(+) cells. On the
other hand, they found no relationship between manifesta-
tion of MT in cells of the above lesions and the expression
of p53 protein or other clinico-pathological variables.
Jayasura et al. [32, 33] in two reports evaluated the role of
MT in cancers of nasopharynx. They compared expression
of MT in tumor cells with intensity of apoptosis (TUNEL
technique), expression of Ki-67 antigen and content of Zn in
nuclei of the cells. The results demonstrated negative corre-
lation between MT expression and intensity of apoptosis. On
the other hand, intensity of MT expression correlated with
expression of Ki-67 antigen in tumor cells. Zn content in cell
nuclei, evaluated by atomic mass spectrometry, was directly
related to intensity of MT expression in the tumors. 

The observations prompt investigators to confirm the
hypothesis on effects of MT on cell proliferation. In addition,
MT may represent factors which protect cells from action of
pro-apoptotic stimuli (e.g., from free radicals). Restricted
amount of experimental evidence as well as the narrow range
of studies on manifestation and significance of MT in lung
tumors do not permit yet to draw final conclusions on the
topic.

Expression of metallothioneins in primary
tumors of the skin

Few reports were published on MT expression in vari-
ous tumors of the skin. Sugita et al. [58] evaluated 44 cases
of malignant melanoma and immunohistochemically exam-
ined manifestation of MT (isoforms I and II). MT expression
was detected in 56% of melanomas and it was positively
related to the depth of skin infiltration. Analysis of survival
demonstrated a significantly shorter survival of patients with
MT(+) tumors. In squamous cell carcinoma of the skin
Goldman et al. [18] examined expression of MT and detected
no correlations with other clinico-pathological variables. On
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the other hand, Han et al. [19] demonstrated low intensity of
MT expression in basal cell carcinoma and in squamous
hyperplasia concomitant with dermatofibromas.

Expression of metallothioneins in cells of
cerebral tumors

Expression of MT in cerebral tumors was evaluated in
the respect to their role in multidrug resistance to cytostatic
drugs. Korshunov et al. [40] analyzed MT expression using
immunohistochemical techniques in 168 cases of multiform
glioblastomas, subjected to chemotherapy. They compared
manifestation of the protein as compared to other markers of
resistance to cytostatic drugs: glutathione-s-transferase-π
(GST-π) and P-glycoprotein (P-GP). Cases with MT ex-
pression in over 50% of tumor cells exhibited a significantly
longer survival as compared to patients carrying tumors in
which less than 50% of cells were MT(+). Inverse results
were obtained in studies on expression of P-GP and GST-π
in cells of the tumors. 

Tews et al. [64] evaluated by the same technique ex-
pression of MT in various types of meningiomas. The high-
est number of MT(+) cells was noted in benign tumors and
malignant MT(+) tumors were very rare. Thus, also in brain
tumors MT expression not always points to worse prognosis
and may be more pronounced in benign that in malignant
tumors.

Expression of metallothioneins in tumors of
mesenchymal origin (sarcomas)

In our studies on 20 cases of synovial sarcoma we
detected immunohistochemically expression of MT-I and
MT-II in 19 tumors of a variable histological structure (Fig.
5). We revealed the presence of the proteins in type A
synovial cells, which might point to histogenesis of the
tumor. Significantly, MT expression was demonstrated in
most cases (4 out of 5 cases) of poorly differentiated tumors
what, apart from cytokeratin expression, may be helpful in
differential diagnosis of synovial sarcoma [12]. No correla-
tion was noted between MT manifestation in cells of osteo-
sarcoma or leiomyosarcoma and patients’ survival [17, 67].
Isik et al. [29] examined MT expression in cells of 67 cases
of malignant mesothelioma. Fifty-two per cent of the tumors
were MT(+) but prognostic significance of MT expression
could not be confirmed.

Summary

Metallothioneins are proteins which have been recog-
nized 50 years ago. Despite the continuous studies, little is
known about their physiology and pathology, particularly in
neoplastic diseases. However, their effects on cell prolifera-

tion and their anti-oxidative activity turned attention of
investigators to their role in neoplastic processes. In this
report, results of studies performed till now have been
presented, frequently contradictory and difficult to interpret.
Standardization of research material and of investigative
techniques will certainly cause that the result obtained will
be more objective. Considering the available data one may
cautiously suggest that MT play certain role in mechanisms
of carcinogenesis and of tumor cell proliferation. This has
been indicated by augmented expression of MT in cells of
pre-neoplastic lesions and in early stages of cancers (colo-
rectal carcinoma, liver carcinoma, gastric carcinoma) and the
frequent positive correlation between their expression and
manifestation of PCNA and Ki-67 antigens. The higher
proliferative activity of MT(+) tumor cells results in an
accelerated course of the disease and in shortened survival
of the patients. Such a significance of MT expression has
been documented in primary tumors of various organs, such
as the breast, kidney, urinary bladder, ovary, larynx and, in
part, lungs. This points to a potential significance of MT
expression in establishing prognosis. Nevertheless, despite
numerous confirmations of the results on MT expression in
tumor cells, contradictory reports have also been published,
which put in doubt prognostic significance of the proteins
(gastric cancer, testicular tumors, cerebral tumors). This,
most probably, reflects insufficient knowledge on functions
of MT in our body. 
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12


