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INTRODUCTION: The generation of proper immune response in the tumor environment seems to be essential in antitumor defense. RCAS1 expression has been shown to
participate in the regulation of immune cytotoxic activity, metallothionein participates
in the protection of cells against immune mediated apoptosis. Since MT and RCAS1
expression is observed within healthy tumor environment we aimed to focus on the
proteins expression in tumor and its healthy adjacent tissue in invasive ductal breast
cancer regarding the immune cells presence and activity.
MATERIAL AND METHODS: RCAS1, metallothionein, CD3, CD56, CD4, CD25, CD69,
CD68 and CD16 antigens expression was assessed by immunohistochemistry in invasive
ductal breast cancer. Tissue samples were obtained from 45 patients and were grouped
according to the presence of lymph nodes metastases. Two groups were obtained: with
and without lymph nodes metastases.
RESULTS: Significant differences were observed in RCAS1 and metallothionein expression in tumor and significant differences in metallothionein expression in healthy stroma
regarding the presence of lymph nodes metastases. The significantly higher RCAS1
expression was noticed in tumor in comparison to stroma in patients with the presence
of lymph nodes metastases. No such difference was observed in patients without the
metastases. Significantly higher metallothionein expression was identified in tumor than
in stroma in both groups of patients, with and without lymph nodes metastases. These
changes in RCAS1 and metallothionein expression were significantly related with the
changes in the number and activity of immune cells.
CONCLUSION: RCAS1 and metallothionein expression in breast cancer healthy stroma
seems to be essential for the coexistence of cytotoxic immune cells and normal epithelial
cells. The loss of the ability to compensate the growing cytotoxic immune response in
the environment might participate in the development of tumor spread.
To cite this article: Neuro Endocrinol Lett 2006; 27(6):786–794
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Introduction
The activity of cytotoxic immune cells is regulated
by cancer cells and this phenomenon seems to play an
important role in cancer progression. Lymphocytes accumulate in cancer vicinity but their cytotoxic activity
against cancer can be inhibited by cancer itself [1]. The
cancer and immune cell interaction takes place by many
factors, the presence of which can be demonstrated in
cancer cells and in extracellular matrix. The participation
of RCAS1 (Receptor associated cancer antigen presenting on SiSo cells) in the suppression of cytotoxic immune cells in various malignant neoplasms as well as
the participation of metallothionein in the protection
against cancer induced apoptosis has been recently presented [1,2]. RCAS1 expression has been demonstrated
in various neoplasms cell membranes including breast,
pancreatic, liver, head and neck, uterine cervix, lungs,
endometrium cancers [2,4,5]. Recently RCAS1 soluble
form of protein has been reported to be present in blood
serum and to preserve the ability to suppress immune
cytotoxic activity resulting in the tumor escape from
host immunological surveillance [6]. The lymphocytes
apoptosis around RCAS1 positive cells has been already
evaluated. Sonoda has shown that RCAS1 expression
in uterine cancer cells and in metastatic cells in lymph
nodes was correlated with growing number of apoptotic
lymphocytes [7]. Similarly in previous reports RCAS1
expression has been associated with the number of
apoptotic lymphocytes adjacent to tumor cells in lung
cancer and Hodgkin’s disease [4,8]. In vitro studies have
also demonstrated that the culture of activated lymphocytes with RCAS1 peptides led to strong suppression of
lymphocytes growth and eventually led to apoptotic cell
death [9]. Reverse correlation between RCAS1 expression
and cytotoxic mononuclear cells infiltration has been
found in breast cancer [5]. RCAS1 expression has been
linked to poor prognostic factors [10]. The participation
of RCAS1 in the cancerogenesis of early breast cancer has
been also demonstrated [11].
Metallothionein (MT) is a cystein rich protein and
its expression is related with the regulation of cell proliferation and death [3,12–14]. MT-1 and MT-2 isoforms
are ubiquitous in various human cells and cancer cells
including breast cancer [15-17]. Their expression is
coregulated by many factors, including: hormones,
metals, and cytokines [18,19]. A relation between MT
expression and growing proliferation monitored by immunohistochemical detection of Ki-67 in breast cancer
cells has been shown [14]. MT expression has been also
connected with reduced apoptosis in nasopharyngeal
cancer and hepatocellular carcinoma [17,20]. Similarly,
in breast cancer the down regulation of MT expression
has been linked to the inhibition of cell growth and the
development of apoptosis [21]. MT is a potential factor
playing a role in determining sensitivity of tumor cells to
apoptosis, and it is an inhibitor of induced apoptosis [3].
MT was observed to be a negative regulator of NF-kappa
B activity [22]. MT may protect cells against p53-medi-

ated apoptosis [23]. High MT expression in breast cancer
is a negative prognostic factor [12,24]. MT expression
is also linked to cytotoxic T lymphocytes suppression.
Metallothionein protecting cancer cells against immune
mediated apoptosis and inhibiting immune cytotoxic
activity participate in tumor escape from host immunological surveillance [25].
A proper level of tumor infiltrating lymphocytes (TIL)
cytotoxic activity at the tumor site is maintained by preceding TIL infiltration and accumulation and reaching
the activity level. Stromal cells seem to participate in the
interaction between tumor cells and immunological cells.
MT and RCAS1 expression has been demonstrated not
only in the tumor tissue, but also in the normal epithelium of the upper respiratory tract mucosa, bone marrow,
endometrium and placenta [26–32]. The accumulation
of activated immune cells within normal endometrium is
a part of reproductive processes, and the MT and RCAS1
expression has been shown to participate in the regulation of immune cytotoxic activity and in the protection
of endometrial cells against immune mediated apoptosis
[27,32]. Since MT and RCAS1 expression is found within
healthy epithelium of tumor vicinity we aimed to focus
on the proteins expression in tumor and its healthy adjacent tissue in ductal breast cancer regarding the immune
cells presence and activity.

Material and methods
Group of patients
In all cases patient’s informed consent was received.
The approval for the research program from the Ethical
Committee of the Jagiellonian University in Krakow:
KBET/379/13/2003 was also obtained. The patients in
this study were randomly selected. Surgically removed
material was evaluated to determine histological type
and metastases of the lymph nodes using histological
methods in the Department of Patomorphology of the
Jagiellonian University. The clear surgical margin was
defined as 1 cm2 area of tumor adjacent tissue macroscopically and histological free of neoplasmatic texture.
The surgical resection line was macroscopically and
histological free from cancer texture.
Tissue samples
The study group consisted of 45 patients with breast
cancer. All women underwent mastectomy with axillary
lymphadenectomy in 1st General Surgery Department of
Jagiellonian University. The women age ranged between
33–78 years (mean age 59 years). In each case invasive
carcinoma was a dominant component. In all cases
surgical material was obtained after modified radical amputation of the breast according to Patey’s method with
simultaneous removal of axillary lymph nodes. Surgical
material was fixed in 10% buffered formalin. Then tissue
was embedded in paraffin and stained with hematoxylin
and eosin. Each specimen was inspected to specify tumor
size and a number of lymph nodes obtained for study.
Microscopic examination was performed to identify
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Table 1. The scale used for evaluation of metallothionein and RCAS1 expression.
Antigen
RCAS1

Metallothionein

Immunoreactivity
0

+1

No
reactivity

Weak (when observed any, also
granular in paranuclear region)
cytoplasmic staining pattern in up
to 10% of positive cells
Lack of any Weak staining in less than 5% of
positivity
the cells

histological type and grade of invasive carcinoma, the
presence of vessel invasion and tumor metastases to the
lymph nodes. Histological grades of invasive carcinoma
were diagnosed according to Bloom and Richardson classification modified by Elston and Ellis, recommended by
the National Coordinating Group for Breast Pathology
[34].
Immunohistochemistry
Immunohistochemical analysis was performed in
the Patomorphology Department of the Jagiellonian
University. Five-micrometer slides from each case were
stained to visualize expression of RCAS1, MT and
CD16-, CD25-, CD69-, CD4-, CD3-, CD56-positive
cells (mainly lymphocytes) as well as CD68+ cells, it
means macrophages. In all cases immunohistochemistry
was performed applying Envision method using Dako
Autostainer. The following antibodies were applied:
mouse monoclonal antibody Anti- RCAS1 (Medical and
Biological Laboratories, Nakaku Nagoya, Japan in DAKO
Antibody Diluent with Background Reducing Components-DAKO, Denmark, dilution 1:1 000), monoclonal
mouse antibody ImmunOTM (MP Biomedicals, Inc.,
clone 1A12 in dilution 1:1 000), CD56 (NCAM; NCLCD56-504, Novocastra) in dilution 1:100, CD69 (NCLCD69, Novocastra) in dilution 1:25, CD25 (Interleukin-2
Receptor, NCL-CD25-305, Novocastra) in dilution 1:25,
CD16 (NCL-CD16, Novocastra) in dilution 1:40, CD68

+2

+3

Marked cytoplasmic (sometimes
together with membranous)
staining in 11–30% of the cells

High expression – more than 30%
of positive cells

Moderate – various staining
Strong – staining of more than
intensity but in <50% of the cells, 50% of the cells.

(Klone PG-M, Dako) in dilution 1:50, according the
manufacturer’s instructions, CD3 (NCL-CD3p, Novocastra) in dilution 1:100 and CD4 (Klone 1F6)in dilution
1:150. Visualization of reaction products was performed
using AEC (3-amino-9-ethyl-carbazole) as a chromogen
(AEC Substrate Chromogen ready-to-use, DAKO,
Denmark) for 10 minutes at room temperature. Sections
were counterstained with hematoxylin and mounted in
glycergel. As a positive control a tonsil specimen was
taken for RCAS1 and for metallothionein it was a breast
cancer specimen. All stainings were performed with the
same procedure but with the omission of the primary
antibody as a negative control.
RCAS1 expression was evaluated in entire slides in
cancer cells and in glandular epithelium lining the ducts
and acini of healthy stroma, considering the intensity of
the colour reaction and percentage of cells. MT expression was evaluated in cancer cells, glandular epithelium
lining the ducts and acini of healthy stroma and in
stromal myoepihelial cells. The percentage of cells and
degree of color reaction in MT-positive cells was analyzed. The scales used for estimation of the above both
markers staining is shown in Table 1.
The immune cells were calculated in an entire specimen, in the tumor and in region around tumor and an
average cell number per 2 hpf (high power field, objective magnification × 40) was calculated. Variable scales
were used to evaluate semiquantitatively an amount of

Table 2. The scale used for evaluation of CD25, CD56,CD3, CD4, CD68, CD69, and CD16 antigens expression.
Immunoreactivity
Antigen

788

0

1+

2+

CD 25

Lack of positive cells

Single positive cells

1–5 positive cells/1hpf

CD 56
CD 4
CD 69

Lack of positive cells
Lack of positive cells
Lack of positive cells

Single positive cells

1–5 positive cells/1hpf

CD 3

Lack of positive cells

1–5 positive cells/1hpf

6–10 cells/1hpf

CD68

Lack of positive cells

1–5 positive cells/1hpf

6–10 cells/1hpf

CD16

Lack of positive cells

1–5 positive cells/1hpf

6–10 cells/1hpf

3+

4+

More than 5 positive
cells/1hpf
More than 5 positive
cells/1hpf
11–20 positive cells/1hpf More than 20 positive
cells/1hpf
11–20 positive cells/1hpf More than 20 positive
cells/1hpf
11–20 positive cells/1hpf More than 20 positive
cells/1hpf
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Figure 1. Strong RCAS1 expression (3+) in cancer cells in patient
with the presence of lymph nodes metastases.

Figure 2. Weak RCAS1 expression (1+) in cancer cells in patient
without the presence of lymph nodes metastases.

Figure 3. Strong MT immunoreactivity (3+) in cancer cells in patient
with the presence of lymph nodes metastases..

Figure 4. The lack of MT immunoreactivity in cancer cells, stroma
and normal glandular cells in patient without the presence of
lymph nodes metastases..

the cells, depending of their general number in the specimen, what is summarized in the Table 2.
The evaluation of immunohistochemical reactions
was performed independently by two histopathologists
(L. R-S. and K. G.).
Statistical analysis
The distribution of variables in the study groups of
women checked with the use of the Shapiro-Wilk test
showed that all of them were different from normal.
Therefore, nonparametric testing was employed. Statistical significance between the groups was determined by the
Kruskal-Wallis analysis of variance (ANOVA) test. The
Mann-Whitney U test was then used as applicable. The
Spearman rank test was used to evaluate interclass correlation coefficients. All calculations were carried out with the
use of STATISTICA software v. 6 (StatSoft, USA, 2001).

Results
RCAS1 and MT immunoreactivity was analyzed in
invasive ductal breast cancer and its healthy stroma.
RCAS1 expression was identified in cancer nests and in
glands of healthy stroma.
MT expression was identified in cancer, glands of
healthy stroma and in stromal myoepithelial cells.
The patients were divided into two main groups according to the presence of lymph nodes metastases. The
patients with the presence of lymph nodes metastases
had statistically significantly lower breast cancer cells’
differentiation according to Bloom scale than the patients
without metastases (p=0.04)
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Table 3. The evaluation of RCAS1 immunoreactivity with respect to
the presence of lymph nodes metastases.
Variables
RCAS1 tumor
expression
RCAS1
stromal
expression

N status

RCAS1 - Immunoreactivity
0

+1

+2

+3

N0 (n=22)

40 (9)

45 (10)

5 (1)

10 (2)

N1 (n=23)

21 (5)

34 (8)

34 (8)

11 (2)

N0 (n=22)

63 (14)

27 (6)

5 (1)

5 (1)

N1 (n=23)

60 (14)

30 (7)

5 (1)

5 (1)

Table 5. The comparison of CD3, CD25, CD69, CD16, CD68 antigens
expression in tumor and its adjacent healthy stroma.
Tumor antigen
expression

Stromal antigen
expression

p-value

CD3
CD25
CD69
CD16
CD68

CD3
CD25
CD69
CD16
CD68

0.02
0.3
0.9
0.02
0.7

Table 4. The analysis of metallothionein expression with respect to
the presence of lymph nodes metastases.
Variables

N status

MT cancer
expression

MT - Immunoreactivity
0

+1

+2

+3

N0 (n=22)

31 (7)

22 (5)

36 (8)

11 (2)

N1 (n=22)

22 (5)

27 (6)

36 (8)

15 (3)

MT expression in N0 (n=22)
the healthy glands
adjacent to cancer N1 (n=22)

11 (2)

17 (4)

36 (8)

36 (8)

-

5 (1)

27 (6) 68 (15)

MT myoepithelial
expression

N0 (n=22)

73 (16) 22 (5)

5 (1)

-

N1 (n=22)

41 (9) 44 (10) 15 (3)

-

Table 6. The evaluation of RCAS1 and MT immunoreactivity and the
presence and activity of immune cells.
Proteins

Lymphocyte
antigen

RCAS1 stroma

CD3 stroma

0.07

RCAS1 stroma

CD25 stroma

0.02

RCAS1 tumor

CD16 tumor

0.02

MT tumor
MT stroma

CD3 tumor
CD25 stroma

0.047
0.034

p-value

The analysis was performed by Kruskal-Wallis analysis of variance
(ANOVA) test.

Analysis of RCAS1 immunoreactivity
Statistically significantly higher RCAS1 expression
was observed in the group of tumors with the presence
of lymph nodes metastases than in the group without
metastases (p<0.001). No differences in RCAS1 expression were observed in cancer healthy stroma regarding
the presence of lymph nodes metastases. RCAS1 expression in tumor was statistically significantly higher than
in stroma in patients with the presence of lymph nodes
metastases (p=0.0002), no such difference was observed
in patients without the presence of lymph nodes metastases.
The presence of lymph nodes metastases correlated
with RCAS1 expression (r=0.57, p<0.001). A correlation
was also observed between RCAS1 expression in tumor
and the tumor grade/cells differentiation according to
Bloom scale (r=0.48, p<0.001). We compared RCAS1
expression and the tumor differentiation using KruskalWallis analysis of variance (ANOVA) test (p=0.0045).
RCAS1 expression in Bloom 2 and 3 grades were on
comparable levels and were statistically significantly
higher than in Bloom 1 (p<0.01 in both cases).
Analysis of MT immunoreactivity
MT expression was statistically significantly higher
in tumors with the presence of lymph nodes metastases
than in tumors without the presence of lymph nodes
metastases (p<0.01). Similarly healthy glands adjacent to
cancer represented statistically significantly higher MT
expression in cases with the presence of lymph nodes

790

metastases in comparison to cases without metastases
(p=0.01). Tumor stroma represented statistically significantly higher MT immunoreactivity in tumors with the
presence of lymph nodes metastases when compared to
tumors without metastases (p<0.01). MT expression was
statistically significantly higher in tumor than in stroma
in both groups of patients, with and without the presence
of lymph nodes metastases (respectively in both cases
p<0.001).
MT expression correlated with the presence of lymph
nodes metastases in tumor tissue (r=0.46, p<0.01),
healthy stromal glands (r=0.36, p=0.01) and in myoepithelial cells of healthy stroma (r=0.41, p<0.01).
The highest level of MT expression was identified
within tumor tissue, stromal glands and myoepithelial
cells of healthy stroma in Bloom 2 tumors, while the lowest level of MT was found in Bloom 1 tumors, however
the differences were not statistically significant.
Immune cells
The presence of CD3 positive cells was observed in
both, tumor and its adjacent healthy tissue. No CD56
positive cells and no CD4 positive cells were observed
neither in tumor nor in healthy stroma. The activity of
immune cells was evaluated by identification of CD25
and CD69 antigens expression in both, tumor and its
adjacent healthy stroma. Additionally CD16 and CD68
antigens expression were evaluated.
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The number of CD3 positive lymphocytes was statistically significantly higher in tumor adjacent healthy
stroma in the group of patients without the presence
of lymph nodes metastases in comparison to the group
with metastases (p=0.01). The number of CD3 positive
TIL was higher in the group without the presence of
metastases in comparison to the group without metastases, but the difference was not statistically significant.
Similarly, the number of CD25 positive cells was higher
in the group without metastases in both tumor tissue
and tumor adjacent healthy stroma in patients without
the presence of metastases when compared to the group
with metastases. The expression of CD69 antigen was
on comparable level in both groups, with and without
the presence of metastases. CD3 expression correlated
statistically significantly with CD25 expression (r=0.45,
p<0.01), and with CD69 (r=0.52, p<0.001) in tumor.
The presence of immune cells and their activity was
analyzed in our study regarding the MT immunoreactivity and RCAS1 immunoreactivity changes within tumor
and tumor adjacent healthy tissue. The obtained results
are presented below in Table 6.
Statistically significant correlation was observed
between RCAS1 tumor expression and CD68 antigen
expression (0.29, p=0.046) and CD16 antigen expression
(0.36, p=0.02). Statistically significant correlation was
also observed between MT stromal glands expression
and CD25 antigen expression (r=0.27, p=0.06) and
between MT stromal myoepithelial cells expression and
CD25 antigen expression (r=0.04, p<0.01).

Discussion
Statistically significant differences were observed in
RCAS1 and metallothionein expression in tumor and
statistically significant differences in metallothionein
expression in healthy stroma with respect to the presence
of lymph nodes metastases. These changes in RCAS1 and
metallothionein expression were significantly related with
the changes in the number and activity of immune cells.
RCAS1 expression in breast cancer has already been
considered however its expression in tumor adjacent
healthy stroma has not been analyzed yet. RCAS1 is a
protein responsible for the tumor escape from host immunological surveillance. A relation between EBAG9
(oestrogen receptor-binding fragment associated gene 9)
gene overexpression the product of which has later been
identified to be identical with RCAS1 plays an important
role in the development and progression of breast cancer
in the early stage of its growth [11]. In 2001 Suzuki
reported a significant association between ER-alpha (estrogen receptor alpha) status and RCAS1 expression [5]
and confirmed this finding in his further study in 2004
[35]. The relation between ER-alpha and RCAS1 has been
statistically significant in ERR-alpha (estrogen related receptor alfa) positive tumors. ERR possibly modulates the
expression of ERE containing estrogen responsive genes.
ERR expression is an independent negative prognostic
factor, correlates with the recurrence of the disease and

adverse clinical outcome of the ductal breast carcinoma,
has been found to be significantly associated with the
presence of lymph nodes metastases [35]. In our study
RCAS1 correlated statistically significantly with the
presence of lymph nodes metastases. Although such a
correlation has not been identified in the study of Suzuki [5]. Additionally, on the contrary to Suzuki report,
RCAS1 expression in tumor in our study was statistically
significantly correlated with tumor grade (0.48, p<0.01).
The patients with the presence of lymph nodes metastases
had statistically significantly more frequently poorly differentiated tumors than the patients without the presence
of lymph nodes metastases. The statistically significantly
higher RCAS1 expression was noticed in tumor in comparison to stroma in patients with the presence of lymph
nodes metastases. No such difference was observed in
patients without the metastases. High RCAS1 expression
in tumor with the presence of metastases was associated
with the lower number of CD3 positive TIL and lower
CD25 expression, this finding confirms Suzuki report
[35], in which RCAS1 expression was inversely correlated
with the number of CD3 positive cells. The concomitant
to tumor dissemination RCAS1 growth in tumor with its
decrease in stroma may result from the disturbance of
regulatory mechanisms in the tumor environment what
might condition the further progression.
The differences between types of immune cells
and their activity found between breast cancer and its
healthy stroma are interesting. Statistically significant
differences were observed in the number of CD3 positive
cells and the CD16 antigen expression between tumor
and its healthy adjacent tissue. The interaction between
tumor and immune system is still not well understood.
The ability of tumor cells to regulate the immune cells
activity seems to be essential for tumor escape from host
immunological surveillance. It has been already reported
that tumor cells polarize an antitumor defense into Th2
response [1]. This phenomenon leads to the down regulation of perforin expression within TIL or to blockade of
its cytotoxicity trough stimulation of CD94/NKG2A heterodimer expression on NK cells and even on other CTLs
[1]. Predominant Th2 anticancer response may lead to
down regulation of the cytotoxic potential of TIL, what
results in the altered cytokines pattern in tumor milieu
[36]. Cancer cell may alter the functional composition
of anti-tumor effect cells through the decrease of CD25
antigen expression [37]. In our study RCAS1 stromal
immunoreactivity changes were statistically significantly
associated with CD3 and CD25 antigen stromal expression. The alteration of the number of TIL subpopulation
may be realized by mutual affection of various cytokines
in tumor milieu. The growth or domination of Th2
polarity is related with the raise of IL-10 in cancer milieu
and leads to the modulation of IL-12 action. From one
side IL-12 is essential for the activation of NK cells, from
the other side IL-12 in the presence of IL-10 may stimulate CD94/NKG2A receptor on NK and CTLs [38,39].
This complex regulation of immune response show the
simultaneous inhibitory and activating mechanisms ap-
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pearing in tumor environment. The observed decreased
expression of the IL-2 receptor in TIL in tissue adjacent
to the tumor in breast and cervical cancers has been
interpreted by Sheu as a result of existence of TIL selective suppression phenomenon [37]. This can easily be
explained by selective suppression phenomenon using
RCAS1 expression. The biological role of the selective
suppression phenomenon is not clearly understood and
seems to result from the physiological necessity of the
coexistence of activated lymphocytes together with adjacent host cells. Our results and these presented above
indicate that this coexistence is maintained by RCAS1
stromal expression. The presence of lymph nodes
metastases is the evidence of tumor dissemination and
indicates that the selective suppression phenomenon is
disrupted in tumor environment.
Activated lymphocytes accumulate in tumor adjacent
healthy stromal tissue in breast cancer. From one side
these cells (cancer cells) posses an ability to regulate the
immune cells activity and from the other side posses also
mechanisms protecting them from unwanted apoptosis.
Metallothionein expression promotes cells proliferation
and protects cells from apoptosis [3]. Mutual interaction between MT2A gene activity and ECRG2 has been
reported. The product of ECRG2 gene is responsible for
the inhibition of proliferation and induction of apoptosis
in esophageal cancer. On the contrary to ECRG2, MT
promotes cells proliferation and protects cells from
apoptosis [13]. The homeostasis of cancer cell seems to
be maintained through the balance between these two
genes activity/expression. MT plays an important role in
determining the sensitivity of tumor cells to apoptosis
[40]. The reduction of MT expression in MCF-7 human
breast cancer cell line resulted in inhibition of cell growth
and in the initiating of spontaneous apoptosis [21]. MT
seems to regulate the process of apoptosis by the influence
on the Zn2+ intracellular level which proper concentration is essential for the caspases: 3, 8 and 9 activity [41].
MT immunoreactivity represented both cytoplasmic
and nuclear pattern of staining in breast cancer cells
[12,14,42]. Similarly to these findings we observed MT
immunoreactivity in both cytoplasm and nuclei. MT
expression in cytoplasm is thought to be related with protection against cytotoxicity while its nuclear expression is
related with the protection against genotoxicity [23,43].
MT expression in breast cancer is a factor of poor prognosis [24,44]. No relationship has been found between
MT isoforms expression and the expression of estrogen
receptor in breast cancer [45]. MT expression seems to
participate in tumorogenesis of estrogen receptors negative ductal breast cancers [41]. A relationship between
MT mRNA and the tumor grade has been observed in
breast cancer, G3 tumors were typified by MT-2A mRNA
overexpression [14]. MT immunoreactivity in our study
was observed to be in both tumor and healthy stroma at
the highest level in G2 tumors and at the lowest level in
G1 tumors, however the differences were not statistically
significant. The differences may result from the alterations in mRNA expression and immunohistochemistry
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analysis of intra-cellular distribution [15]. In our study
differences in MT1/2 reactivity between the epithelium
and stromal glands as well as in myoepithelial cells were
observed. No such differences were observed in MT2A
gene expression, it has been suggested to result from
gene post-transcriptional regulation rather than from
gene expression alterations and this might explain the
relationship between MT1/2 expression raise and cancer disease progress [15]. Metallothionein expression
in breast epithelial cells typifies the malignant ductal
epithelium [46], while MT expression in myoepithelial
cells has also been observed in healthy cells [47]. In our
previous study MT expression was determined in breast
cancer stroma and was raising statistically significantly
in tumors with the presence of lymph nodes metastases,
therefore we suggested that MT expression might result
from the interaction between spreading tumor cells and
the cells from healthy adjacent stroma [48]. Statistically
significantly higher MT expression has been revealed in
tumor tissue, healthy stromal glands and in myoepithelial
stromal cells in cases with the presence of lymph nodes
metastases in this study in comparison of cases without
lymph nodes metastases.
MT expression may raise also in response to various
acute phase cytokine factors including: interleukins (Il-1,
Il-6), tumor necrosis factor (TNF-alfa) and INF-gamma
[18,49–51]. Metallothionein seems to participate in the
interaction between tumor cells and immune cells and
enables the tumor cells to evade the host defense immune
response [25]. Young J revealed that MT expression can
contribute to dramatic decrease of cytolytic activity of
immune cells and plays an important role in the suppression of anti tumor immunity [25]. Statistically significant
correlation between stromal MT immunoreactivity and
CD25 expression on immune cells was identified in
our study. Similar observation reported Youn in an in
vitro study, demonstrating high MT expression with
high CD25 expression independently of suppression of
cytolytic CTLs activity. Therefore Youn suggested that
the participation of MT in tumor escape from the host
immunological surveillance may be related with its suppression of immune cell’s response and induction of cancer cell’s proliferation. MT expression may be secondary
to accumulating immune cells and the growing cytotoxic
activity. In our study a statistically significant association
was identified between MT immunoreactivity changes
and the presence of CD3 positive cells in tumor and
between MT stromal immunoreactivity and CD25 antigen stromal expression. MT expression in tumor and
its healthy adjacent tissue seems to be secondary to the
activity of immune cells infiltrating tumor and protects
MT expressing cells against immune mediated apoptosis.
This phenomenon is necessary also for the assuring
of tissue integrity during growing cytotoxic response
against tumor cells and the loss of this ability may lead
to tumor spread. The tumor environment is typified by
the MT overexpression which may be the demonstration
of physiological local processes regulation destruction in
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cases of the presence of lymph nodes metastases and the
tumor dissemination occurs.

Conclusions
The selective suppression of activated immune cells
and the ability to acquire resistance to immune mediated
apoptosis are essential factors enabling the interaction
between activated immune cells with cells of tumor
adjacent environment. RCAS1 and metallothionein
expression in breast cancer and its healthy stroma seem
to be essential for this coexistence. The loss of the ability
to compensate the growing cytotoxic immune response
in the environment might participate in the development
of tumor spread.

Acknowledgments
We wish to thank Prof. T. Popiela, Prof. J. Stachura,
Prof. R. Klimek, Prof. A. Basta and Prof. R. Tomaszewska
for advice and helpful discussions and for the friendly
words of support. This work was supported by Polish
Ministry of Science grant number N403 032 31/2079 in
2006 as a realization of a scientific project.
		References
1 Sheu BC, Chiou SH, Lin HH, Chow SN, Huang SC, Ho HN, Hsu SM.
Up-regulation of inhibitory natural killer receptors CD94/NKG2A
with suppressed intracellular perforin expression of tumor-infiltrating CD8+ T lymphocytes in human cervical carcinoma. Cancer Res. 2005; 65:2921–9.
2 Sonoda K, Miyamoto S, Hirakawa T, Yagi H, Yotsumoto F,
Nakashima M, Watanabe T, Nakano H. Invasive potency related
to RCAS1 expression in uterine cervical cancer. Gynecol Oncol.
2005; 99:189–98.
3 Shimoda R, Achanzar WE, Qu W, Nagamine T, Takagi H, Mori M,
Waalkes MP. Metallothionein is a potential negative regulator of
apoptosis. Toxicol Sci. 2003; 73:294–300.
4 Iwasaki T, Nakashima M, Watanabe T, Yamamoto S, Inoue Y,
Yamanaka H, Matsumura A, Iuchi K, Mori T, Okada M. Expression
and prognostic significance in lung cancer of human tumorassociated antigen RCAS1. Int J Cancer. 2000; 89:488–93.
5 Suzuki T, Inoue S, Kawabata W, Akahira J, Moriya T, Tsuchiya F,
Ogawa S, Muramatsu M, Sasano H. EBAG9/RCAS1 in human
breast carcinoma: a possible factor in endocrine-immune interactions.Br J Cancer. 2001; 85:1731–7.
6 Sonoda K, Miyamoto S, Hirakawa T, Yagi H, Yotsumoto F,
Nakashima M, Watanabe T, Nakano H. Clinical significance of
RCAS1 as a biomarker of uterine cancer. Gynecol Oncol. 2006
(Epub ahead of print)
7 Sonoda K, Miyamoto S, Hirakawa T, Yagi H, Yotsumoto F,
Nakashima M, Watanabe T, Nakano H. Association between
RCAS1 expression and microenvironmental immune cell death
in uterine cervical cancer. Gynecol Oncol. 2005; 97:772–9.
8 Ohshima K, Muta K, Nakashima M, Haraoka S, Tutiya T, Suzumiya J, Kawasaki C, Watanabe T, Kikuchi M. Expression of human
tumor-associated antigen RCAS1 in Reed-Sternberg cells in association with Epstein-Barr virus infection: a potential mechanism
of immune evasion. Int J Cancer. 2001; 93:91–6.
9 Nakashima M, Sonoda K, Watanabe T. Inhibition of cell growth
and induction of apoptotic cell death by the human tumor-associated antigen RCAS1. Nat Med. 1999; 5:938–42.

10 Oshikiri T, Miyamoto M, Morita T, Fujita M, Miyasaka Y, Senmaru
N, Yamada H, Takahashi T, Horita S, Kondo S. Tumor-associated
antigen recognized by the 22-1-1 monoclonal antibody encourages colorectal cancer progression under the scanty CD8+
T cells. Clin Cancer Res. 2006; 12:411–6.
11 Tsuneizumi M, Emi M, Nagai H, Harada H, Sakamoto G, Kasumi
F, Inoue S, Kazui T, Nakamura Y. Overpresentation of the EBAG9
gene at 8q23 associated with early-stage breast cancer. Clin Cancer Res. 2001; 7:3526–32.
12 Cherian MG, Jayasurya A, Bay BH. Metallothioneins in human
tumors and potential roles in carcinogenesis. Mutat Res. 2003;
533:201–9.
13 Cui Y, Wang J, Zhang X, Lang R, Bi M, Guo L, Lu SH. ECRG2, a novel
candidate of tumor suppressor gene in the esophageal carcinoma, interacts directly with metallothionein 2A and links to
apoptosis. Biochem Biophys Res Commun. 2003; 302:904–15.
14 Jin R, Chow VT, Tan PH, Dheen ST, Duan W, Bay BH. Metallothionein 2A expression is associated with cell proliferation in breast
cancer. Carcinogenesis. 2002; 23:81–6.
15 Gurel V, Sens DA, Somji S, Garrett SH, Weiland T, Sens MA. Posttranscriptional regulation of metallothionein isoforms 1 and 2
expression in the human breast and the MCF-10A cell line. Toxicol Sci. 2005; 85:906–15.
16 Giuffre G, Barresi G, Sturniolo GC, Sarnelli R, D’Inca R, Tuccari G.
Immunohistochemical expression of metallothionein in normal
human colorectal mucosa, in adenomas and in adencarcinoma
and their associated metastases. Histopathology. 1996; 29:347–
54.
17 Cai L, Wang GJ, Xu ZL, Deng DX, Chakrabarti S, Cherian MG.
Metallothionein and apoptosis in primary human hepatocellular
carcinoma from northern China. Anticancer Res. 1998; 18:4667–
72.
18 Kikuchi Y, Irie M, Kasahara T, Sawada J, Terao T. Induction of
Metallothionein in a human astrocytoma cell line by interleukin1 and heavy metals. FEBS Lett. 1993; 317:22–6.
19 Borghesi LA, Youn J, Olson EA, Lynes MA. Interactions of Metallothionein with murine lymphocytes plasma membrane binding
and proliferation. Toxicology. 1996; 108:129–40.
20 Jayasurya A, Bay BH, Yap WM, Tan NG. Correlation of Metallothionein expression with apoptosis in nasopharyngeal carcinoma: Br
J Cancer. 2000; 82:1198–203.
21 Abdel-Mageed AB, Agrawal KC. Antisense down-regulation of
metalothionein induces growth arrest and apoptosis in human
breast carcinoma cells. Cancer Gene Ther. 1997; 4:199–207.
22 Sakurai A, Hara S, Okano N, Kondo Y, Inoue J, Imura N. Regulatory
role of Metallothionein in NF-kappaB activation. FEBS Lett. 1999;
455:55–8.
23 Fan LZ, Cherian MG. Potential role of p53 on metallothionein
induction in human epithelial breast cancer cells. Br J Cancer.
2002; 87:1019–26.
24 Fresno M, Wu W, Rodriguez JM, Nadji M. Localization of metallothionein in breast carcinoma. An immunohistochemical study.
Virchows Arch A Pathol Anat Histopathol. 1993; 423:215–9.
25 Youn J, Lynes MA. Metallothionein-induced suppression of cytotoxic T lymphocyte function: an important immunoregulatory
control. Toxcicol Sci. 1999; 52:199–208.
26 Matsushima T, Nakashima M, Oshima K, Abe Y, Nishimura J,
Nawata H, Watanabe T, Muta K. Receptor binding cancer antigen
expressed on SiSo cells, a novel regulator of apoptosis of erythroid progenitor cells. Blood. 2001; 98:313–21.
27 Wicherek L, Popiela TJ, Galazka K, Dutsch-Wicherek M, Oplawski
M, Basta A, Klimek M. Metallothionein and RCAS1 expression in
comparison to immunological cells activity in endometriosis,
endometrial adenocarcinoma and endometrium according to
menstrual cycle changes. Gynecol Oncol. 2005; 99:622–30.
28 Dutsch-Wicherek M, Tomaszewska R, Strek P, Wicherek L,
Skladzien J. The analysis of RCAS1 and DFF-45 expression
in nasal polyps with respect to immune cells infiltration.
BMC Immunol. 2006; 7:4.
29 Dutsch-Wicherek M, Tomaszewska R, Popiela TJ, Wicherek L, Szywala M, Wierzchowski W, Modrzejewski M, Klimek M, Czekierdowska S, Skladzien J. RCAS1 expression in lymphoid tissue of
waldeyer’s ring. Pol J Environ Stud. 2005; Suppl.II,14:73–6.

Neuroendocrinology Letters Vol.27 No.6, 2006 • Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu Online: node.nel.edu

793

T. J. Popiela, L. Rudnicka-Sosin, M. Dutsch-Wicherek, M. Klimek, P. Basta, K. Galazka & L. Wicherek
30 Wicherek L, Klimek M, Dutsch-Wicherek M, Kolodziejski L, Skotniczny K. The molecular changes during placenta detachment.
Eur J Obstet Gynecol Reprod Biol. 2006; 125:171–5.
31 Ioachim EE, Kitsiou E, Carassavoglou C, Stefanaki S, Agnantis NJ.
Immunohistochemical localization of metallothionein in endometrial lesions. J Pathol. 2000; 191:269–73.
32 Wicherek L, Galazka K, Popiela TJ, Dutsch-Wicherek M, Czekierdowski A, Pabian W, Banas T, Migdal M, Klimek M. Metallothionein
expression and infiltration of cytotoxic lymphocytes in uterine
and tubal implantation site. J Reprod Immunol. 2006; 70:119–31.
33 Klimek M, Wicherek L, Galazka K, Tetlak T, Popiela TJ, Kulczycka M,
Rudnicka-Sosin L, Dutsch-Wicherek M. Cycle dependent expression of endometrial metallothionein. Neuro Endocrinol Lett.
2005; 26:663–6.
34 Bloom HJ, Richardson WW. Histological grading and prognosis in
breast cancer; a study of 1409 cases of which 359 have been followed for 15 years. Br J Cancer. 1957; 11:359–77.
35 Suzuki T, Miki Y, Moriya T, Shimada , Ishida T, Hirakawa H, Ohuchi
N, Sasano H. Estrogen-related receptor alfa in human breast carcinoma as a potent prognostic factor. Cancer Res. 2004; 64:4670–
6.
36 Sheu BC, Lin RH, Lien HC, Ho HN, Hsu SM, Huang SC. Predominant
Th2/Tc2 polarity of tumor-infiltrating lymphocytes in human cervical cancer. J Immunol. 2001; 167:2972–8.
37 Sheu BC, Lin RH, Ho HN, Huang SC. Down-regulation of CD25
expression on the surface of activated tumor-infiltrating lymphocytes in human cervical carcinoma. Hum Immunol. 1997; 56:39–
48
38 Derre L, Corvaisier M, Pandolfino MC, Diez E, Jotereau F, Gervois N. Expression of CD94/NKG2-A on human T lymphocytes
is induced by IL-12: implication for adoptive immunotherapy. J
Immunol. 2002; 168:4864–70.
39 Sheu BC, Hsu SM, Ho HN, Lin RH, Torng PL, Huang SC. Reversed
of CD4/CD8 ratio tumor infiltrating lymphocytes are correlated
with the progression of human cervical carcinoma. Cancer. 1999;
86:1537–43.
40 Tekur S, Ho SM. Ribozyme-mediated downregulation of human
metallothionein 2A induces apoptosis in human prostate and
ovarian cell lines. Mol Cracinog. 2002; 33:44–55.

794

41 Seve M, Chimienti F, Favier A. Role of intracellular zinc in programmed cell death. Pathol Biol. 2002; 50:212–21.
42 Jin R, Bay BH, Chow VT, Tan PH. Metallothionein 1F mRNA expression correlates with histological grade in breast carcinoma. Breast
Cancer Res Treat. 2001; 66:265–72.
43 Cherian MG, Apostolova MD. Nuclear localization of Metallothionein during cell proliferation and differentiation. Cell Mol Biol.
2000; 46:347–56.
44 Jin R, Huang J, Tan PH, Bay BH. Clinicopathological significance of
metallothionein in breast cancer. Pathol Oncol Res. 2004; 10:74–
9.
45 Barnes NL, Ackland ML, Cornish EJ. Metallothionein isoforms
expression by breast cancer cells. Int J Biochem Cell Biol. 2000;
32:895–903
46 Bier B, Douglas–Jones A, Totsch M, Dockhorn-Dworniczak B,
Bocker W, Jasani B, Schmid KW. Immunohistochemical demonstration of metallothionein in normal human breast tissue and
benign and malignant lesions. Breast Cancer Res Treat. 1994;
30:213–21.
47 Jin R, Bay BH, Chow VT, Tan PH, Dheen T. Significance of metallothionein expression in breast myoepithelial cells. Cell Tissue Res.
2001; 303:221–6.
48 Dutsch-Wicherek M, Popiela TJ, Klimek M, Rudnicka-Sosin L,
Wicherek L, Oudinet JP, Skladzien, Tomaszewska R. Metallothionein stroma reaction in tumor adjacent healthy tissue in head
and neck squamous cell carcinoma and breast adenocarcinoma.
Neuro Endocrinol Lett. 2005; 26: 567–74.
49 Schroeder JJ. Cousins RJ. Interleukin 6 regulates metallothionein
gene expression and zinc metabolism in hepatocyte monoleyer
cultures. Proc Natl Acad Sci USA. 1990; 87:3137–41.
50 Sato M, Sasaki M, Hojo H. Tissue-specific induction of metallothionein synthesis by tumor necrosis factor alfa. Res Commun
Chem Pathol Pharmacol. 1992; 75:159–72.
51 Friedman RL, Manly SP, McMahon M, Kerr IM, Stark GR. Transcriptional and posttranscriptional regulation of interferon-induced
gene expression in human cells. Cell. 1984; 38:745–55.

Neuroendocrinology Letters Vol.27 No.6, 2006 • Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu Online: node.nel.edu

