
Aim of the study: The existence of a cor- 
relation between allergy disorders and 
cancer diseases has been confirmed 
by several epidemiological studies. 
Although the molecular mechanism 
involved in this phenomenon remains 
unknown, there are data indicating 
that certain cytokines, engaged in 
allergic processes, have antineoplas-
tic activities. The aim of the present 
study was to explore the association 
between advanced breast cancer and 
allergic state on the molecular level. 
Material and methods: We determined 
and compared the mRNA and protein 
expression of interleukin-1β (IL-1β), IL-4, 
IL-6, and interferon-γ (IFN-γ), cytokines 
known for antitumor properties, in the 
blood of advanced breast cancer pa-
tients and individuals with allergic 
diseases related to type 2 response. In 
addition, we performed an in vitro as-
say of reactivity of peripheral blood 
mononuclear cells after exogenous 
antigen stimulation. As a  preliminary 
to molecular analysis we conducted  
a  questionnaire study concerning the 
incidence of allergy among breast can-
cer patients and healthy subjects with-
out malignancy.
Results: The results of the survey study 
revealed a  negative relation between 
breast cancer and allergy prevalence. 
Subsequent molecular analysis, howev-
er, did not show statistically significant 
differences in cytokines mRNA and pro-
tein expression levels between allergic 
patients and those with malignancy. 
The in vitro reactivity test also did not re-
veal marked differences between IL-1β,  
IL-4 and IL-6 production after PBMC trig-
gering with exogenous antigen.
Conclusions: We concluded that the 
studied cytokines (IL-1β, IL-4, IL-6, and 
IFN-γ) are not engaged in breast can-
cer-allergy negative relation.

Key words: breast cancer, allergy, pe-
ripheral blood mononuclear cells, cyto- 
kines, mRNA expression.
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Introduction

The debate concerning the relation between allergy and cancer is not 
recent. In the 1970s researchers suggested that allergy, defined as a hyper-
sensitivity state of the immunological system, may reduce the occurrence of 
cancer [1, 2]. Their reports became the starting point for discussion about the 
nature of the relation between allergy and neoplastic disease. The consider-
able increase in allergy cases in recent decades in combination with cancer 
immunology development have enhanced the interest in such a relationship 
[3]. An association between allergic disorders and cancer risk is supported by 
epidemiological studies; however, the exact nature of this relation remains 
unclear [4, 5]. The inverse association has been reported for leukaemia [6, 
7], glioma [8–10], and pancreatic cancer [11, 12] while a history of asthma 
has been positively correlated with lung cancer [13–15]. In the case of breast 
cancer the nature of the relation with allergies remains controversial. Re-
sults of epidemiological studies have provided support for two opposed hy-
potheses. Studies reporting a protective effect of allergy support the thesis, 
in accordance with “enhanced immunological surveillance theory” [16], that 
the stimulated immune system is able to detect and eliminate malignant tu-
mour cells more effectively, before they become clinically manifest [17, 18]. In 
contrast, studies reporting allergy to be associated with an increased risk of 
cancer support the theory that the alterations of the immunological system 
can enhance the inflammatory response and favour tumour transformation 
through mechanisms of repeated tissue repair that result in random pro-on-
cogenic mutations in actively dividing stem cells [3, 5]. 

Previously our laboratory conduced a wide-range study concerning a history 
of fever in cancer patients during the infection processes. The information about 
a history of allergy was also obtained. The results revealed that the incidence of 
allergy was noticeably decreased among cancer patients compared to healthy vol-
unteers (5.92% and 22.13%, respectively) [19]. These data turned our interest to 
the nature of the relation between advanced breast cancer – the most common 
form of malignancy and the primary cause of death due to neoplasms among 
European females [20] – and allergic diseases related to type 2 response. 

Since the exact molecular mechanism involved in the relationship between 
allergic condition and cancer is still unknown, the aim of our study was to in-
vestigate whether there are differences between allergic individuals and breast 
cancer patients, in the blood level of specific molecular messengers, which 
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might be responsible for triggering cancer prevention actions. 
We decided to explore this association by determining the 
mRNA and protein expression of selected cytokines – inter-
leukin-1β (IL-1β), IL-4, IL-6, and interferon-γ (IFN-γ) – known 
for their antitumor properties, in the blood constituents of 
advanced breast cancer patients and allergic individuals. In 
addition, we compared the in vitro reactivity of the peripheral 
blood mononuclear cells (PBMC) isolated from women with 
allergies and those with cancer disease. The reactivity level 
was measured by cytokine release (IL-1β, IL-4, and IL-6) fol-
lowing stimulation of the cells with exogenous antigen. 

Material and methods

Questionnaire study

Due to inconsistent results of prospective studies [4, 
21, 22] we conducted an additional questionnaire study 
concerning the incidence of allergy among breast cancer 
female patients and healthy volunteers (without malig-
nancy). Information on the prevalence of allergic rhinitis, 
allergic contact dermatitis, hymenoptera venom allergy, 
and food allergy was obtained.

The survey study was conducted during a  relatively 
short period, from February 2010 to May 2011. Retrospec-
tive information on the incidence of self-reported allergy 
was obtained from 403 patients with breast cancer and 
155 healthy volunteers, by use of a  questionnaire, and 
from 226 breast cancer patients through medical history 
(during visits to oncology clinics).

Breast cancer respondents were patients of the Clinical 
Department of Breast Cancer and Reconstructive Surgery, 
Oncology Center – Prof Łukaszczyk Memorial Hospital in 
Bydgoszcz (Poland). Each breast cancer patient had docu-
mented tissue diagnosis of cancer from pathology records. 
The majority of the examined patients were from the Ku-
jawsko-Pomorskie voivodeship of Poland, and the healthy 
control volunteers were randomly selected from the same 
area. The responded cohort consisted of 784 women. The 
average age was 58 (ranging from 37–84 years old) and 51 
(ranging from 31–72 years old) years for breast cancer pa-
tients and healthy (without cancer) volunteers, respective-
ly. Informed written consent for participation in the study 
and subsequent use of data was obtained from partici-
pants at the time of the survey. Only completely filled out 
questionnaire forms were analysed. The χ2 test was used 
to compare rates of allergy occurrence between patients 
with breast cancer and healthy people.

Molecular study 

Donors (subjects)

Samples of venous blood were obtained from eighteen 
female patients with an average age of 50 years. Advanced 
breast cancer patients with documented tissue diagnosis of 
cancer were from the Oncology Center of Prof Łukaszczyk Me-
morial Hospital in Bydgoszcz (Poland). Females with allergic 
diseases related to type 2 response (Table 1) were patients of 
University Hospital No. 2, Department of Allergology, Clinical 
Immunology, and Internal Medicine in Bydgoszcz (Poland). 
The presence of allergy IgE antibodies was confirmed by an 
allergy skin-prick test. The control blood was obtained from 

healthy volunteers of the same age. All subjects gave written 
informed consent. The Ethical Committee at the Ludwik Ry-
dygier Collegium Medicum, Nicolaus Copernicus University 
approval for experiment was received.

mRNA expression analysis

Mononuclear cell purification. Cells were separated from 
5 ml of venous blood using density gradient centrifugation 
method [23] with use of LSM 1077 Lymphocyte Separation 
Medium (PAA, The Cell Culture Company, Austria).

RNA isolation. Total RNA isolation was performed ac-
cording to the Chomczynsky method [24] by using TRI® 
Reagent (Sigma®, USA). The RNA sample concentration 
was measured by Nanodrop® ND – 1000 Spectrophotome-
ter (Thermo scientific, USA).

mRNA expression analysis by PCR. The first strand of com-
plementary DNA (cDNA) was generated from 1 µg RNA by 
using SuperScript™ II Reverse Transcriptase (Invitrogen™, 
USA). Gene-specific cDNA amplification (β-actin, IL-1β, IL-4, 
IL-6, IFN-γ) was performed by using Taq DNA Polymerase 
(Invitrogen™, Brazil). The reaction product was visualized on 
a  1% agarose gel containing ethidium bromide (~1 µg/ml). 
Primers used (designed by the authors using the GenBank 
NCBI database and the following programs: Oligo Analyzer 
3.1, Clustal W, and Primer Blast) were as follows (forward/
reverse):
β-actin (287bp): 5’-TGGGCATGGGTCAGAAGGATTC-3’
5’-TAGCACAGCCTGGATAGCAACG-3’;
IL-1β (195 bp): 5’-GACTTCACCATGCAATTTGT-
GTCTTCCTAA-3’,
5’-ACAGGAGATCCTCTTAGCACTACCCTAAG-3’;
IL-4 (239 bp): 5’-CGTAACAGACATCTTTGCTGCC-3’
5’-TACTCTGGTTGGCTTCCTTCAC-3’;
IL-6 (120 bp): 5’-GCTGCAGGACATGACAACTCATCTCATTC-3’
5’-ATGCCCATTAACAACAACAATCTGAGGTG-3’
IFN-γ (386 bp): 5’-AGAGCATCCCAGTAATGGTTGTCCTG-3’,
5’-TTTCAAACCGGCAGTAACTGGATAGTATCA-3’.

mRNA cytokine expression quantification. The quanti-
fication of cytokine mRNA level expression was done us-
ing UN-SCAN-IT gel 6.1 (USA). Following ethidium bromide 
staining, the intensity of the DNA fragments was densito-
metrically scanned using UN-SCAN-IT gel 6.1.

Cytokine level analysis

Six ml of blood were collected into serum separator tubes 
and allowed to clot for 30 minutes at 23°C before centrifu-
gation for 15 minutes at 1000 × g. Serum level of IL-1β, IL-4, 
IL-6, and IFN-γ was assessed by ELISA assay using a Synergy 
HT Multi-Mode Microplate Reader (BioTek; USA), according 
to the manufacturer’s instructions (R&D Systems, USA).

Table 1. Criteria for determination of allergy

Type of 
allergy

Allergic disease related to type 2 response:
allergic rhinitis
allergic contact dermatitis
food allergy

Positive 
allergy 

Presence of allergy IgE antibodies
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Cell reactivity analysis

Peripheral blood mononuclear cells were isolated from 
venous blood by density gradient centrifugation method. 
Isolated cells (2 × 106) were transferred to 6-well cell cul-
ture plates and suspended in 2 ml of standard cell culture 
medium (RPMI-1640 with L-glutamine; Sigma Aldrich; Ger-
many) supplemented with 10% heat-inactivated foetal bo-
vine serum (FBS, PAA; Austria). Culture plates were placed 
at 37°C in an incubator providing a humidified atmosphere 
containing 5% CO

2
 for 1 hour. After preincubation the cells 

were stimulated with lipopolysaccharide (LPS) form E. coli 
(Sigma Aldrich; Germany) in a concentration of 1 µg/ml/106 
cells. As a control, cells were incubated with 0.9% NaCl. After 
four hours of incubation, cell suspensions were collected and 
transferred into sterile 2-ml microcentrifuge tubes. Samples 
were centrifuged for 10 minutes at 1500 × g and 23°C. Super-
natants were collected and stored at –40°C until analysed. 
The cell supernatants were assayed for the presence of IL-1β, 
IL-4, and IL-6 using ELISA technique (R&D Systems, USA).

Statistical analyses

All values are reported as means ± standard error 
means (S.E.M.) and were analysed by analysis of variance 
(ANOVA) followed by Student’s t-test with the level of 
significance set at p < 0.05. Statistical analyses were per-
formed with use of GraphPad Prism 6 (USA).

Results

The results of our questionnaire study have shown that 
39.35% of healthy volunteers reported a history of allergy; 

whereas only 9.22% of all advanced breast cancer patients 
had previous allergic disorders (Table 2). 

IL-1β mRNA and protein expression

The PCR analysis demonstrated that the transcription 
level of the interleukin-1β (IL-1β) gene was higher in mono-
nuclear cells isolated from the blood of the allergic patients 
and control group compared to breast cancer patients (Fig. 1, 
2A). These differences in IL-β mRNA between the cancer 
group and the two other groups were significant (p < 0.01). 
In contrast to mRNA level measurement, the results of  
ELISA tests specifically directed against IL-1β showed no 
differences in the concentration of this cytokine between 
the sera collected from patients with breast cancer, those 
with allergy, and the control individuals (Fig. 2B).

IL-4 mRNA and protein expression

In the case of IL-4, a trend towards increased mRNA in 
PBMC of breast cancer patients was detected (Fig. 3A). 
Differences between this group and allergic individuals, 
as well as controls, were statistical significant (p < 0.001, 
p < 0.01, respectively). The serum concentrations of IL-4, 
however, did not differ between any of the groups (Fig. 3B).

IL-6 and IFN-γ mRNA and protein expression

The mRNA expression of IL-6 and IFN-γ did not differ 
between allergy and cancer patients (Fig. 4A and 5A, re-
spectively).

The protein concentration of IL-6 was increased in the se-
rum of allergic patients in comparison to cancer patients and 
healthy controls. However, despite statistically significant dif-
ferences between the groups (Fig. 4B), the level of this inter-
leukin was on the borderline of the ELISA test (~3.12 pg/ml). 

Elevated protein level of IFN-γ in the serum of allergic and 
cancer patients compared to controls was observed. How-
ever, because of the substantial individual differences in the 
IFN-γ expression within the group of patients with cancer, as 
well as those with allergy, there was no statistically signifi-
cant difference between these clusters of patients (Fig. 5B).

Cell reactivity analysis following stimulation  
with LPS

Stimulation of PBMC with LPS significantly increased the 
production of IL-1β, IL-4, and IL-6 compared to those incu-

Table 2. Incidence of allergic disease among breast cancer patients 
and control group

Type of allergy Breast cancer 
patients
(n = 629)

Control group 
(n = 155)

Allergic rhinitis 22 28

Allergic contact dermatitis 25 24

Hymenoptera venom allergy – 5

Food allergy 11 4

Total 58 61

Rate of allergy disease (%) 9.22 39.5

Fig. 1. Gel electrophoresis of IL-1β mRNA expression among control individuals (n = 6), cancer patients (n = 6), and allergic patients (n = 6). 
Line 1: M: 100-1000 bp marker (Sigma), Line 2–7: samples derived from controls (C1–C6). Line 8–13: samples from breast cancer patients 
(BC1–BC6), Line 13–18: samples from allergic patients (A1–A6)
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Fig. 2. A) Relative level of IL-1β mRNA expression among control individuals (n = 6), cancer patients (n = 6), and allergic patients (n = 6). 
Densitometry gel analysis with UN-SCAN-IT 6.1. B) Concentration of IL-1β in serum of control individuals (n = 6), breast cancer patients 
(n = 6), and allergic patients (n = 6). All values are expressed as means ± S.E.M. of all samples within the groups. Asterisk indicates significant 
difference between groups (**p < 0.01, Student’s t-test)
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Fig. 3. A) Relative level of IL-4 mRNA expression among control individuals (n = 6), cancer patients (n = 6) and allergic patients (n = 6). 
Densitometry gel analysis with UN-SCAN-IT 6.1. B) Concentration of IL-4 in serum of control individuals (n = 6), breast cancer patients  
(n = 6), and allergic patients (n = 6). All values are expressed as means ± S.E.M. of all samples within the groups. Asterisk indicates significant 
difference between groups (**p < 0.01, ***p < 0.001, Student’s t-test) 
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Fig. 4. A) Relative level of IL-6 mRNA expression among control individuals (n = 6), cancer patients (n = 6), and allergic patients (n = 6). 
Densitometry gel analysis with UN-SCAN-IT 6.1. B) Concentration of IL-6 in serum of control individuals (n = 6), breast cancer patients  
(n = 6), and allergic patients (n = 6). Values are expressed as means ± S.E.M. of all samples within the groups. Asterisk indicates significant 
difference between groups (**p < 0.01, ***p < 0.001, Student’s t-test)
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bated with NaCl as a control (Fig. 6, 7, 8). In addition, we ob-
served a marked increase in IL-1β, IL-4, and IL-6 production 
after LPS stimulation of PBMC isolated from the blood of 
neoplastic and allergic patients compared to healthy con-
trols. However there were no significant differences in su-
pernatant levels of these cytokines between breast cancer 
and allergic samples in response to the exogenous antigen.

Discussion

There have been relatively few prospective studies con-
cerning the association between allergic disorders and 
breast cancer disease. Three studies previously demon-
strated non-significant increased risk of breast cancer 
among women who reported a history of allergy [4, 25, 26]. 
In contrast, the results of a population-based case-control 
study conducted in the United States (western Washing-
ton) has shown that a  history of allergies was associat-
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Fig. 5. A) Relative level of IFN-γ mRNA expression among control individuals (n = 6), cancer patients (n = 6), and allergic patients (n = 6). 
Densitometry gel analysis with UN-SCAN-IT 6.1. B) Concentration of IFN-γ in serum of control individuals (n = 6), breast cancer patients  
(n = 6), and allergic patients (n = 6). All values are expressed as means ± S.E.M. of all samples within the groups. Asterisk indicates significant 
difference between groups (*p < 0.05, Student’s t-test)

Fig. 6. Changes in IL-1β concentration after PBMC in vitro LPS stim-
ulation (abbreviations: control – healthy individuals, n = 3; cancer 
– breast cancer patients, n = 3; allergy – Th2 allergic individuals,  
n = 3). Values are expressed as means ± S.E.M. of all samples within 
the groups. Asterisk indicates significant difference between groups 
(**p < 0.01, Student’s t-test) 

Fig. 7. Changes in IL-4 concentration after PBMC in vitro LPS stim-
ulation (abbreviations: control – healthy individuals, n = 3; cancer 
– breast cancer patients, n = 3; allergy – Th2 allergic individuals,  
n = 3). Values are expressed as means ± S.E.M. of all samples within 
the groups. Asterisk indicates significant difference between groups 
(**p < 0.01, Student’s t-test) 
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ed with a reduced risk of breast cancer for women older 
than 35, but not for women 35 years old or younger [27]. 
Similar to these findings, a large case-control study among 
women in Ontario (Canada) carried out during 2002–2003 
found that a history of allergies or hay fever may be associ-
ated with a small reduction in breast cancer risk [22]. Con-
versely, a prospective study of the Busselton cohort found 
no correlation between allergy and breast cancer among 
female members of the cohort [16]. Recently, Vojtechova 
and Martin [21] concluded that there is little epidemiologi-
cal support for the immune surveillance theory or antigen 
stimulation theory in breast carcinogenesis.

Our additional questionnaire study revealed a significant 
decrease in the incidence of allergies among breast cancer 
patients compared to healthy subjects, without malignancy. 
A more than 4-fold lower frequency of allergy among pa-
tients with breast cancer compared to women without ma-
lignancy (χ2 = 24.67, p < 0.0001) has provided the basis for 
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the hypothesis of a negative relation between breast cancer 
and hypersensivity state to allergens. This theory is consis-
tent with previous reports showing reduced reactivity of the 
immune system in patients with neoplastic disease [1, 28], 
whereas in allergic individuals excessive stimulation of the 
immune system by the allergen improves the tumour cell 
detection and elimination abilities [25, 29].

In order to investigate whether allergy has the preven-
tative ability against tumour development we conducted 
a molecular analysis with the aim of estimating and com-
paring the mRNA and protein levels of selected cytokines 
suspected to be involved in this process, in the blood of al-
lergic and breast cancer patients. Moreover, we performed 
additional analysis to investigate the reactivity of PBMC de-
rived from patients with breast cancer and those with aller-
gy. We assumed that cell response following in vitro antigen 
stimulation might be elevated in the culture of cells isolat-
ed from the blood of hypersensitive subjects compared to 
women with breast malignancy. We focused on cytokines 
because, as has been proven in numerous experimental 
and clinical studies, they significantly affect tumour growth 
in vivo. Due to the fact that these factors are produced by 
different cells (immunocompetent and diseased ones), they 
represent a network with a variety of molecularly and func-
tionally different molecules. They may act either as tumour 
growth promoting or inhibiting factors [30]. 

Numerous studies indicate that a  host’s immune re-
sponse to infection and allergy may play a  role in the 
process of cancer cell destruction. It is possible that IL-1β, 
which was originally identified as an endogenous pyrogen, 
participates in this process. Being a factor that activates 
lymphocytes, IL-1β enhances B cell activation, leading, 
among other activities, to immunoglobulin E (IgE) produc-
tion [31]. Humprey and White [32] showed that IgE anti-
bodies play a role in antigen-antibody reaction, which re-
sults in elimination of cancer cell clones. IgE, in addition to 
other activities, stimulate the production, by eosinophils 
and macrophages, of reactive oxygen metabolites and ni-
tric oxide, which play crucial roles in tumour eradication 
[33]. Systemic IL-1β, being an activator of IgE production, 
seems to exert a protective antitumor activity. The higher 
mRNA level of this cytokine in the blood of patients with 
allergies compared to breast cancer patients (Fig. 1, 2A) 
forms the basis from which to consider this molecule as 
part of a  molecular mechanism engaged in the inverse 
association between breast cancer and allergy. However, 
due to the results of ELISA tests (protein level and PBMC 
reactivity), further research involving larger numbers of pa-
tients is required, to verify the possible role of IL-1β in the 
examined relation.

Owing to the fact that, IL-4 is considered as an inhibiting 
growth factor of cancer cells, we decided to investigate its 
potential role in breast cancer-Th2-related allergy negative 
relationship. Several lines of evidence suggest that IL-4, pro-
duced mainly by Th2 lymphocytes, could display antitumor 
activity. IL-4 suppresses cancer development through stim-
ulation of B cell differentiation and IgE synthesis, as well as 
proliferation of antigen-specific cytotoxic T lymphocytes 
[34]. Tepper et al. [35] suggested that the anti-tumour effect 
of IL-4 might be also mediated by an inflammatory infiltrate 

composed of eosinophils and macrophages. The results of 
an in vitro study performed by Toi et al. [36] showed that 
IL-4 inhibited the growth of breast carcinoma cells, includ-
ing the hormone-dependent ones. Gooch et al. [37] demon-
strated in turn that in vitro IL-4 treatment resulted in growth 
inhibition and induction of apoptosis in human breast can-
cer cells in a STAT6-dependent manner. 

Our results, contrary to expectations, showed a  sig-
nificant decrease of mRNA expression of this cytokine in 
the blood of allergic patients compared to breast cancer 
individuals (Fig. 3A). Serum concentrations of IL-4 and 
production of this molecule by the cells triggered with LPS 
did not show any differences between the groups of pa-
tients (Fig. 3B, 7). To clarify whether cytokines with anti-
tumor properties may be involved in breast cancer-allergy 
inverse association we performed subsequent analysis of 
IL-6 and IFN-γ expression. In vitro studies revealed that IL-6 
has a potential to inhibit breast cancer cell development, 
while IFN-γ possesses antiproliferative and antiangiogen-
ic activities [38, 39]. Our results of IL-6 mRNA expression 
measurement did not show any differences between the 
groups (Fig. 4A). Serum concentrations of this cytokine 
were higher in allergic patients compared to breast cancer 
and healthy subjects (Fig. 4B); however, all results were on 
the threshold of the method’s sensitivity. Moreover, the re-
activity of cells measured by IL-6 production did not differ 
between the examined groups (Fig. 8). In the case of IFN-γ 
we did not note significant differences between groups 
of patients in relative mRNA levels (Fig. 5A). However, the 
protein measurement revealed higher concentrations of 
this cytokine in allergic individuals (Fig. 5B), suggesting its 
possible role in cancer prevention processes. 

Considering the results, we postulate that the studied 
cytokines (IL-1β, IL-4, Il-6, and IFN-γ) are not involved in the 
negative relation between breast cancer and allergy reported 
in the questionnaire study. However, because of the prelimi-

Fig. 8. Changes in IL-6 concentration after PBMC in vitro LPS stim-
ulation (abbreviations: control – healthy individuals, n = 3; cancer 
– breast cancer patients, n = 3; allergy – Th2 allergic individuals,  
n = 3). Values are expressed as means ± S.E.M. of all samples within 
the groups. Asterisk indicates significant difference between groups 
(**p < 0.01, ***p < 0.001, Student’s t-test)
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nary character of our study, analyses among larger groups of 
patients are needed to better characterise this association.

In conclusion, further immunological investigations con-
cerning the evaluation of the differences in cytokines, as well 
as blood immunocompetent cell profiles between breast can-
cer patients and allergic individuals, are needed in order to 
explore the molecular mechanism engaged in the postulated 
negative association.
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