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Abstract

Introduction: The aim of this study was to investigate the presence and the expression levels of the interleukin 13 (IL-13) in the primary breast can-
cer tumour tissue in relation to the unchanged breast tissue in the same patients and to the breast tissue in the patients with benign breast disease,
and to investigate the correlation between the IL-13 expression levels and the pathohistological factors, and between IL-13 expression and estrogens
and progesterone receptor status.

Materials and methods: 50 patients with invasive ductal breast cancer and 20 patients with benign breast diseases were included in this pros-
pective case-control study. The three-step immunohistochemical staining was used for testing the levels of IL-13 expression and hormone receptor
status.

Results: IL-13 was present in breast cancer tumour tissue, and in the surrounding unchanged tissue in the same patients, and in breast tissue in pa-
tients with benign breast disease. The expression of IL-13 was significantly higher in breast cancer tumour compared with surrounding tissue (P <
0.05) of the same, lymph node-positive patients. In addition, IL-13 expression was significantly higher in breast cancer tumour compared with breast
tissue in patients with benign breast diseases (P < 0.01). There was significant correlation between IL-13 expression and tumour size in patients with
lymph node-negative breast cancer (r = 0.405, P = 0.050). There was no significant correlation between IL-13 expression and the other pathohisto-

logical factors, and no significant correlation between IL-13 expression and the lymph node status.

Conclusion: Obtained results suggest possible involvement of IL-13 in breast carcinogenesis.
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Introduction

Breast cancer represents the most common malig-
nancy in women. It is a complex disease with a
highly variable clinical course and often a long-te-
rm development. In general, tumour development
depends on the interaction between cancer cells
and the surrounding non-malignant tissue com-
posed of nonhematopoietic cells and immune cel-
Is. Cytokines, which probably have important effe-
cts on carcinogenesis, are mainly produced by ho-
st stromal and immune cells, in response to mole-
cules produced by the cancer cells or as a part of
inflammation that frequently accompanies tumour
growth. Thus, they can be involved in the activa-

tion of immune effectors mechanisms that limit
the growth of the tumour, but on the other hand,
they can be involved in carcinogenesis, tumour
growth, invasion and metastasis (1). In addition,
malignant cells can produce cytokines in the same
environment (1).

Results of the some recent studies confirm the pre-
sence of the interleukin 13 (IL-13 Th2 cytokine), in
human cancers, including breast cancer (2,3). In so-
me earlier investigations, it was found that NK cells
(natural killer cells) isolated from blood and tu-
mour tissue in patients with invasive ductal breast
cancer produce interleukin 4 (IL-4) (4). Due to over-
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lapping of the IL.-4 and IL-13 immunoregulatory ef-
fects, it is possible that IL-13 is also present in blo-
od and in the tumour tissue in patients with invasi-
ve breast cancer.

In some newer studies, it was reported that breast
cancer tumours are infiltrated with CD4* T cells
secreting IFN-y and IL-13. It is also found that CD4+
T cells promote the development of breast cancer
tumours; actually breast cancer instructs dendritic
cells to prime IL-13-secreting CD4* T cells that faci-
litate tumour development (2). Furthermore, it was
found that IL-13 and some other cytokines were
over expressed in breast cancer by comparison wi-
th normal breast and it was also showed that IL-13
expression level was inversely correlated to estro-
gens receptor and progesterone receptor status
(3), which implicates possible involvement of this
cytokine in the aggressiveness of ER-negative
breast tumours.

The aim of this study was to determine the presen-
ce and the expression of the IL-13 in primary breast
cancer tumour tissue in relation to its expression in
unchanged breast tissue of the same patients, and
to the breast tissue of the patients with benign brea-
st disease, and to investigate the correlation between
the IL-13 expression levels and the pathohistological
factors, and between IL-13 expression and the es-
trogens and progesterone receptor status.

Materials and methods
Patients

This study was approved by the Ethic committee
of the University Clinical Centre Tuzla. It was pros-
pective case-control study with well defined crite-
ria for patient’s inclusion and exclusion.

The inclusion criteria were as follows:

« histologically proven invasive ductal breast can-
cer;

+ no distance metastases;

+ no previous adjuvant therapy;

« currently under no treatment;

+ no other major illnesses.

All patients were subjected to the appropriate bre-
ast surgery at the Department of Surgery, Univer-
sity Clinical Centre Tuzla (all of them were females,
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Caucasians, residents of the narrow region in Tuzla
surrounding, Bosnia and Herzegovina).

Tissue samples

Tissue samples have been obtained during surge-
ry and were sent to the Department of pathology,
Policlinic for Laboratory Diagnostics, University Cli-
nical Centre of Tuzla, following the regular
pathohistological examination and pathohistolo-
gical diagnosis (PHD). According to the PHD findin-
gs, a total of 50 patients with the well documented
invasive ductal breast cancer were included in this
study: 24 with negative axillary’s lymph nodes, and
26 with positive axillary’s lymph nodes; and twen-
ty patients with the finding of benign breast disea-
se were included in the study also.

Tumour tissue samples and the samples of the sur-
rounding unchanged tissue from patients with pri-
mary invasive ductal breast cancer were used, as
well as breast tissue samples from patients with
benign breast diseases.

Tumour tissue samples have been collected duri-
ng twelve months, in the year 2008, and the final
number of patients included in this investigation
was determined according to the total number of
patients with invasive breast cancer who have
been subjected to the breast surgery in the Uni-
versity Clinical Centre during the year 2008, and
who satisfy all inclusion criteria defined in this stu-
dy. In the year 2008, 111 patients with invasive
breast cancer have been subjected to the breast
surgery, and from that number, patients without
lymph node metastases for whom there was enou-
gh tissue material in paraffin blocs were included
in this study. Number of patients with metastases
was determined in relation to the number of pa-
tients without metastases and it was appropriate
to it (proportional stratified sample).

Routine histological examination was performed
with haematoxylin-eosin staining. All tumours we-
re classified according to the criteria of the World
Health Organization (5). Histological grade was ob-
tained in accordance with a modified Scarff-Bloo-
m-Richardson histological grading system. Stagi-
ng was based on TNM (tumour-node-metastasis)
system. Tumour size was evaluated separately (0.5-
1.0cm,<2cm, 2-5cm, > 5 cm).
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Immunohistochemistry

Immunohistochemical staining for estrogens
receptor (ER), progesterone receptor (PR) and in-
terleukin 13 (IL-13) was performed on 4 um thick
formalin-fixed paraffin embedded sections. Depa-
raffinization and rehydration were performed in
xylene and ethanol solutions (reducing concentra-
tion 96-70%). Sections were incubated in H,0, so-
lution (1.5% H,0O, in methanol) for 15 minutes to
block endogenous peroxydase. Antigen retrieval
were performed in procedure with the retrieval
buffer (pH = 9.0, TRIS 20 mmol/L, EDTA 0.05
mmol/L, 0.05 % Tween 20) in a microwave oven by
heating the slides for 15 minutes. After rinsing wi-
th the PBS buffer (100 mmol/L NaCl and 6 mmol/L
Na,HPO, x 2H,0), normal goat serum (for ER- and
PR-staining) (DAKO, Golstrup, Denmark), and nor-
mal rabbit serum (for IL-13 staining) (Novocastra
Newcastle Upon Tyne, UK), respectively, were ap-
plied for 15 minutes at room temperature to block
non-specific antibody binding. Subsequently, sec-
tions were incubated with the primary antibody at
37 °C for one hour. After rinsing with the PBS buf-
fer, the secondary antibody was applied for 30 mi-
nutes at 37 °C. A three-step technique was used
for visualization with diaminobenzidine (Fluka Che-
mie GmbH, Buchs, Switzerland) as a chromogen.
Counterstaining was performed with hematoxylin
(Fluka Chemie, GmbH, Buchs, Switzerland). Slides
were preserved in Canada balsam (turpentine).

Primary antibodies dilution used in this study were:

« A mouse antihuman monoclonal antibody again-
st ER, clone NCL-ER-6F11 (Newcastle Upon
Tyne, UK) 1:50 diluted in the PBS/BSA buffer
pH=7.2.

« A mouse antihuman monoclonal antibody
against PR, clone NCL-PGR-312 (Novocastra
Newcastle Upon Tyne,) 1:150 diluted in the PBS/
BSA buffer pH =7.2.

+ A goat polyclonal antihuman IL-13, C-19 (Santa
Cruz Biotechnology Inc., CA, USA) 1:50 diluted
in the PBS/BSA buffer pH =7.2.

« Secondary antibodies dilutions used were:

« A goat antimouse polyclonal antibody biotin
conjugated (DAKO, Golstrup, Denmark) 1:200
diluted in the PBS/BSA buffer pH = 7.2.

+ A rabbit antigoat polyclonal antibody biotin co-
njugated (Santa Cruz Biotechnology Inc., CA, USA)
1:400 diluted in the PBS/BSA buffer pH =7.2.

Tissue sections of breast cancer previously forti-
fied index immunoreactivity were used as positive
controls for estrogen and progesterone receptors
and section of human heart tissue were used as
positive control for IL-13. As negative controls were
used sections from the same paraffin blocks as for
positive controls but during immunohistochemi-
cal staining replacing a specific primary antibody
with normal serum (the same species as primary
antibody).

Immunohistochemical staining evaluation

The evaluation of the immunohistochemical stai-
ning, ER and PR was performed by a pathologist
through a light microscopic observation (Olympus
BX-50 light microscope, Olympus Medical Systems
Corp. Tokyo, Japan). Evaluation was performed by
using Remmeles immunoreactivity score (6) for
ER- and PR- immunoreactivity analyzing. The exte-
nt of ER or PR immunoreactivity was scored as 0
for absence of the positive cells, +1 for less than
10% of positive cells, +2 for 11% to 50% positive
cells, +3 for 51% to 80% of positive cells and +4 for
more than 80% of positive cells. The intensity of ER
or PRimmunoreactivity was scored as 0 for no stai-
ning, 1 for weak staining, 2 for moderate staining
and 3 for strong staining. The final score of the
staining for each case was obtained by multiplying
the extent of the immunoreactivity score with the
intensity score. Cases with final score 0 were consi-
dered negative, with final score 1 to 3 considered
weakly positive, with final score 4 to 8 considered
moderately positive and with final score 9 to 12
considered strongly positive.

Due to some universally accepted criteria, the IL-13
expression scoring was developed by authors as
the arbitrary system. Microscopy was done by two
observers who have analysed the preparations to-
gether and done the last judgment.

The extent of IL-13 expression was scored as 0 for
absence of the positive cells, +1 for 1% to 33% of
positive cells, +2 for 34% to 66% of positive cells,
+3 for more than 66% of positive cells. The inten-
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sity of IL-13 expression was scored as 0 for no stai-
ning, 1 for weak staining, 2 for moderate staining
and 3 for strong staining. The extent of IL-13
expression score and the IL-13 intensity score were
observed separately.

Statistical analysis

The distribution of the variables was determined
using distribution histograms with probability plo-
ts. The results were evaluated by Chi-square test
and with two-tailed Spearman correlation test
considering value P < 0.05 statistically significant.
Statistical analyses were performed in SPSS sof-
tware (Version 17.0 SPSS Inc., Chicago, IL, USA).

Results

Tumour tissue samples and the surrounding tissue
samples from 50 patients with the primary invasi-
ve ductal breast cancer were included in this stu-
dy. Lymph node metastases were found in 26 pa-
tients (52%). Breast tissue from 20 patients with
benign breast disease were also included and ana-
lysed in the study. Tumour size and histological
grade were determined in 50 primary invasive
ductal breast cancer patients. In patients with
lymph node-negative breast cancer tumour size
was > 5 cm in two patients, 2-5 cmin 10 patients, <
2 ¢cm in nine patients and 0.5-1.0 cm in three pa-
tients. In patients with lymph node-positive breast
cancer tumour size was > 5 cm in three patients,
2-5 cm in 19 patients, < 2 cm in three patients and
0.5-1.0 cm in one patient. In patients with lymph
node-negative breast cancer tumour was weakly
differentiated (histological grade Ill) in nine patien-
ts, moderately differentiated (histological grade Il)
in 13 patients, well differentiated (histological gra-
de I) in two patients. In patients with lymph node-
positive breast cancer tumour was weakly diffe-
rentiated (histological grade Ill) in 14 patients, mo-
derately differentiated (histological grade Il) in 12
patients and there where no patients with well dif-
ferentiated (histological grade I) tumour.

Estrogen and progesterone receptor status was al-
so determined in patients with ductal invasive
breast cancer. In patients with lymph node-negati-
ve breast cancer, estrogen receptors were positive
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in 18 patients and negative in six patients, and pro-
gesterone receptors were positive in 16 patients
and negative in eight patients. In patients with
lymph node-positive breast cancer, estrogen re-
ceptors were positive in 20 patients and negative
in six patients, and progesterone receptors were
positive in 17 patients and negative in nine patien-
ts. No significant differences between ER-IRS and
PR-IRS were noticed considering the lymph node
status. It was detected that ER-IRS significantly cor-
relate to PR-IRS regardless to the lymph node sta-
tus (in patients with no metastasis P < 0.001, in pa-
tients with metastasis P = 0.001, respectively). Sta-
tistically significant inverse correlation was found
between ER-IRS and PR-IRS versus histological gra-
de in lymph node-negative patients (r = -0.482, P
=0.017;r=-0.603, P = 0.002, respectively).

IL-13 was present in breast cancer tumour (Figure
1), in surrounding tissue of the same patients, and

| TP
—— v

“" -

7

Ficure 1. Microscopic appearance of breast cancer tumour tis-
sue with the strong expression of IL.-13 showed as immunohis-
tochemical staining (brown staining) (HE; x40).
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in breast tissue in patients with benign breast di-
sease. Both the extent and the intensity of the
expression of IL-13 were significantly higher in
breast cancer tumour tissue compared to the sur-
rounding unchanged tissue in the lymph node-
positive patients, but not significantly higher in
the lymph node-negative patients (Table 1). The IL-
13 expression was significantly higher in breast
cancer tumour compared with breast tissue of pa-
tients with benign breast diseases (Table 1). No sta-
tistically significant correlation between [L-13
expression and the lymph node status were noti-
ced, as well as between IL-13 and pathohistologi-
cal parameters, excluding statistically significant
correlation between IL-13 expression and tumour
size in patients with lymph node-negative breast
cancer (r = 0.405, P = 0.050) (Figure 2).

4,5

4,01 a

3,51

Tumor size (cm)

N=24
p=0,05

5 00 05 1.0 15 20 25 30 35

Intensity of IL-13 immunorectivity

FiGURE 2. The correlation between the intensity of IL-13 expres-
sion and the tumour size in lymph node-negative patients (r =
0.405; P = 0.050).

Discussion

The IL-13 expression was significantly higher in
breast cancer tumour tissue compared with un-
changed breast tissue in the same, lymph node-
positive patients. These results are comparable wi-

th the results obtained in several other studies
(2,3,7,8). Breast cancer cells also express pSTAT6 (2),
while phosphorylation of STAT 6 is considered a
signature of IL-13 signalling (and/or IL-4) (7), sug-
gesting that IL-13 actually delivers signals to can-
cer cells (2). Furthermore, testing the mechanism
by which procathepsin D influences the prolifera-
tion of cancer cells, it was found that breast cancer
cells secrete IL-4, IL-8, IL-10, IL-13 and macrophage
inflammatory protein-13 under procathepsin D in-
duction (8). In other study it was shown that the
human breast cancer tumours are infiltrated with
dendritic cells, including immature myeloid den-
dritic cells in tumour beds and mature dendritic
cells in peritumoral region (9). Mature dendritic
cells were often found in clusters with CD4 T cells,
suggesting an ongoing immune response, while
dendritic cells infiltrating breast cancer tumours in
humanized mice appeared responsible for the in-
duction of IL-13-secreting CD4 T cells, at least in
the initial phase of tumour development (2,9). The-
re is an evidence that some cytokines are produ-
ced by host stromal cells and immune cells, in res-
ponse to molecules secreted by the cancer cells or
by the cancer cells, themselves (1,10). Therefore,
neoplastic cells produce an array of cytokines and
chemokines that are mitogenic and/or chemoat-
tractants for granulocytes, mast cells, monocytes/
macrophages, fibroblasts and endothelial cells. In
addition, activated fibroblasts and infiltrating in-
flammatory cells secrete proteolytic enzymes,
cytokines and chemokines, which are mitogenic
for neoplastic cells, as well as endothelial cells in-
volved in neoangiogenesis and lymphangiogene-
sis (10). These factors potentiate tumor growth, sti-
mulate angiogenesis, induce fibroblast migration
and maturation, and enable metastatic spread via
engagement with either the venous or lymphatic
networks (10). In accordance with all these literatu-
re data, it is possible that IL-13 investigated in this
study, which was highly expressed in breast can-
cer tumour by comparison with unchanged breast
tissue in the same patients, was also secreted by
breast cancer cells. On the other hand, noticed
presence of IL-13 in unchanged surrounding tissue
and in breast tissue in the same time in patients
with benign breast disease suggests that this cyto-
kine has been probably produced both in respon-
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TasLE 1. The intensity and the extent of IL-13 expression in patients without lymph node metastasis, with lymph node metastasis and

in patients with benign breast disease

LNT- LNT+ BBD
(N;=24;Ng;=24) (N;=26; Ngr=21) (Ngr=20)
N, ratio N, ratio N, ratio
‘1) 4(0.17) 5(0.19) o
T , 1 13 (0.65)
3 20(0.83) 21 (0.81)
Intensity of IL-13 expression
(1) 10 (0.42) 11 (0.52) 5
ST , 3 7(0.35)
3 14 (0.58) 10 (0.48)
3_1 6 (0.25) 4(0.15)
T o 10(0.50)
3 18 (0.75) 22(0.85)
Extent of IL-13 expression
0 6(0.25) 10 (0.48)
+1 +2
ST - 43 10 (0.50)
3 18 (0.75) 11 (0.52)
Differences in the intensity of IL-13 expression T/ST T/ST T/BT
between T and ST, and between T and BT x2=2.521 x2=4.305 X2=12.543
(Chi-square test) P=0.112 P=0.038 P=0.003
Differences in the extent of IL-13 expression T/ST T/ST T/BT
between T and ST, and between T and BT x2=0.000 x2=4.333 x2=4.916
(Chi-square test) P =1.000 P=0.037 P=0.161

LNT- patients with lymph node-negative breast cancer; LNT+ - patients with lymph node-positive breast cancer; BBD - benign breast disease
patients; T — tumour tissue; ST - surrounding tissue; BT - breast tissue in patients with benign breast disease

se to surgical stress, wherefore patients involved
in this study were exposed to (11,12), and/or as a
part of inflammation process that often accompa-
nies tumour growth (1).

Furthermore, results of some other studies have
showed that cytokines IL-1B, IL-5, TNF-q, IL.-6 and
IL-2 were significantly associated with breast can-
cer disease and based on their serum levels, con-
centrations were higher in patients than in con-
trols (13). However, no association was observed
between investigated IL-13 gene polymorphism at
positions -1512 A—C and -1055 C—T in the pro-
moter and +2044 G—A in exon-4 and prognostic
factors including tumour type, lymph node invol-
vement and tumour size, and IL-13 serum level
was undetectable in both patients and control
subjects (14).
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Results obtained in this study have showed that
there were no differences in IL-13 expression be-
tween breast cancer patients with and without
lymph node metastasis. Literature data about the
involvement of IL-13 in breast cancer are poor. This
result is unexpected and in some way contradicto-
ry and it is only possible to speculate about it. Can-
cer cells, in general, divide quickly and they have
special metabolic requirements. In many cases
these cells have higher biological potential in rela-
tion to normal cells. Furthermore, cancer cells dif-
fer among themselves regarding to their ability to
migrate, and this feature seems to be sometimes
individual and variable. These considerations mig-
ht be, at least partly, possible explanation for the
obtained results in this study for no significant dif-
ference in IL-13 expression between lymph node
negative and lymph-node positive patients.
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In relation to pathohistological factors, no signifi-
cant correlations in IL-13 expression were found,
excluding significant correlation between IL-13
expression and tumour size in patients with lymph
node-negative breast cancer. Significant correla-
tion of IL-13 to tumour size, although there was no
significant correlation between IL-13 expression
and the other pathohistological factors, implicate
possible function of IL-13 as a growth factor for
breast cancer tumour, and this is in accordance wi-
th some literature data (15,16). It was found that IL-
13 and its receptors were frequently expressed by
Hodgkin and Reed-Stenberg cells of Hodgkin
lymphoma and may function as a growth factor
for this tumour (15). Furthermore, it was reported
that Th2 cytokines IL-4 and IL-13, expressed by tu-
mour infiltrating lymphocytes isolated from pa-
tients with colon cancer cell, inhibited colon can-
cer cell-cell adhesion by down-regulation of E-cad-
herin, which may lead to tumour progression by
dyscohesiveness of tumour cells (16).

Although no significant difference was observed
in the IL-13 expression between the lymph node
positive and the lymph node negative breast can-
cer patients, the over expression of IL.-13 with rega-
rd to the surrounding tissue in these patients may,
alone, indicate possible involvement of this cytoki-
ne in the complex pathogenesis of breast cancer
but its mechanism is not yet enough clear. Some
other recent data indicate that IL-13 receptor alpha
2 chain is over expressed in variety of human solid
cancers, and that IL-13 receptor alpha 2 may serve
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Ekspresija IL-13 u tumorskom tkivu primarnog karcinoma dojke

SaZetak

Uvod: Cilj ovog istraZivanja bio je ispitati prisutnost i razinu ekspresije interleukina 13 (IL-13) u primarnom tumorskom tkivu karcinoma dojke u
odnosu na nepromijenjeno tkivo dojke kod istih ispitanica i kod ispitanica s benignom bolesti dojke te ispitati korelaciju izmedu ekspresije IL-13 te
i statusa estrogenskih i progesteronskih receptora.

Materijali i metode: U ovo prospektivno istraZivanje parova bilo je uklju¢eno 50 ispitanica oboljelih od invazivnog duktalnog karcinoma dojke i
20ispitanica oboljelih od benignih bolesti dojke. Za ispitivanje razine ekspresije IL-13 i hormonalnog receptorskog statusa primijenjena je metoda
imunohistokemijskog bojenja u tri koraka.

Rezultati: IL-13 je bio prisutan u tumorskom tkivu kod ispitanica oboljelih od raka dojke i u okolnom nepromijenjenom tkivu kod istih ispitanica,
te u tkivu dojke kod ispitanica s benignim bolestima dojke. Ekspresija IL-13 bila je znacajno visa kod tumorskog tkiva karcinoma dojke u usporedbi
s ostalim tkivom (P < 0,05) kod istih ispitanica sa pozitivnim limfnim ¢vorovima. Ekspresija IL-13 bila je znacajno visa kod ispitanica s tumorskim
tkivom karcinoma dojke nego kod ispitanica oboljelih od benignih bolesti dojke (P < 0,01). Uocena je znacajna korelacija izmedu ekspresije IL-13
i velicine tumora kod ispitanica s karcinomom dojke s negativnim limfnim ¢vorovima (r = 0,405; P = 0,050). Nije bilo znacajne korelacije izmedu
ekspresije IL-13 i drugih patohistoloskih cimbenika kao niti izmedu ekspresije IL-13 i statusa limfnih ¢vorova.

Zakljucak: Dobiveni rezultati ukazuju na mogucu ukljuenost IL-13 u karcinogenezu karcinoma dojke.
Kljucne rijeci: interleukin 13; karcinom dojke; tkivo dojke; benigna bolest dojke
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