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Summary

Purpose: Impaired IFNγ production in peripheral 
blood lymphocytes (PBL) and their subsets refl ects immuno-
suppression and inadequate antitumor immune response in 
cancer patients. Decreased function of natural killer (NK) 
cells has not been investigated in breast cancer with respect 
to altered pSTAT signaling pathways.

Methods: PBL of breast cancer patients and healthy 
controls were analyzed for IFNγ and pSTAT1 expression and 
NK cell activity using fl ow cytometry and 51Cr-release assay, 
respectively. The level of pSTAT1, 3 and 5 was investigated 
by Western blotting.

Results: Our results indicated that PBL and CD3–

CD16+ NK cells of patients had signifi cantly lower level of 

IFNγ. The patients had a signifi cantly decreased NK cell cy-
totoxicity compared to controls, with the decrease being de-
pendent on the stage of disease. Positive correlation between 
IFNγ level in PBL and NK cytotoxicity in controls and pa-
tients was also shown. The PBL of patients, compared to con-
trols, expressed lower level of pSTAT1, 3 and 5. The patients’ 
T and NK cell subsets had lower pSTAT1 level.

Conclusion: This study indicates that pSTAT1 in PBL 
of breast cancer patients could be a biomarker of decreased 
NK cell cytotoxicity and IFNγ level that are associated with 
progression of this disease.
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Introduction

IFNγ has emerged as a central coordinator of im-
mune system - tumor interactions, not only in protective 
antitumor reactions of the innate and adaptive immune 
systems, but also as an active component during tumor 
immunoediting [1]. Unlike in infectious diseases, few-
er studies have evaluated the level of endogenous intra-
cellular IFNγ in PBL and in different lymphocyte sub-
sets in patients with malignancies [2]. In this sense, in 
preventing development of spontaneous intestinal and 
breast carcinomas, collaboration between lymphocytes 
and IFNγ was found with NK cells as a major cellular 
source of IFNγ [3], especially during the early phases 
of developing immune responses.

Unlike tumor-specific T cells, NK cells, as the 
most important effector population of innate immuni-
ty aside from cytokine secretion, kill tumor-target cells 

with out prior sensitization or major histocompatibility 
complex (MHC)-restriction [4,5]. They are character-
ized by a CD3-CD16+ phenotype, CD16 (FcγRIII) be-
ing the low affi nity receptor for IgG, expressed on the 
majority of NK cells that is involved in direct [6] and in 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
[7]. Based on CD16 cell-surface expression, NK cells 
are divided into 2 functionally different subsets, a larger 
CD16bright composed of cytotoxic cells, while the small-
er CD16dim NK subset encompasses immunoregulato-
ry NK cells that produce different cytokines including 
IFNγ, TNF-α, IL-10, IL-13 and GM-CSF [8-11]. They 
are important sources of IFNγ early in the immunolog-
ic response and may exert cytocidal function on tumors 
later in the immunologic response through mechanisms 
involving perforin [12] and TRAIL [13].

It appears that the impaired IFNγ production may 
be a characteristic of a compromised tumor status in 
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Isolation of PBLs

PBLs were isolated from heparinized blood ob-
tained by Ficoll-Hypaque gradient centrifugation. 5×106 
cells/well were incubated in culture medium (CM) for 
24h at 37° C.

Western blot analysis

The protein content in whole-cell extracts was de-
termined by means of Bradford assay. Equal amounts 
of proteins (20 μg/well) were resolved by 10% SDS-
PAGE and transferred to nitrocellulose (Bio-Rad, 
USA). The membrane was blocked with 5% skim milk 
in TBS buffer containing 0.1% tween-20 (TBST) and 
incubated with the predetermined concentration of spe-
cifi c antibodies. For the dilution of primary antibodies, 
TBST supplemented with 5% skim milk and 0.05% 
NaN3 was employed [22]. After washing, the blots were 
incubated with antimouse horseradish peroxidase-con-
jugated secondary antibody and developed using DAB 
substrate tablets. Induction of STATs phosphorylation 
was assessed in cellular lysates by Western blotting us-
ing anti-pSTAT1, 3 and 5 (BD Biosciences - Pharmin-
gen, San Jose, USA) antibodies.

cancer patients [14]. The profound impairment in IFNγ 
secretion in cancer patients could have dramatic con-
sequences, since it is known to be involved in effective 
antitumor immunity, exerting antiproliferative, antian-
giogenic, and proapoptotic effects on tumor cells [15]. 
In this sense, the nature and molecular mechanisms un-
derlying immune dysfunction that include the role of 
IFNγ in adaptive and innate immune responses are not 
clearly defi ned in cancer and have not been investigated 
in breast cancer [2].

Moreover, the disease-related aspect of signaling 
dysregulation in PBL of cancer patients has not been 
much investigated. Primary intracellular mediators of 
cytokine signaling, i.e. signal transducers and activators 
of transcription proteins (STATs) regulate homeostasis 
of PBL, as well as immune cell engagement in patho-
logical conditions [1]. The disruption of STAT signal-
ing pathways in PBL, T cells and NK cells has been 
associated with impaired antitumor cell-mediated im-
munity and immune regulation in melanoma and renal 
cell cancer [16,17], while, so far, there is only one study 
in breast cancer patients showing that applied chemo-
therapy does not further affect STAT level in these pa-
tients [18]. Moreover, tumor burden induces immuno-
dysregulation through immunosuppressive cytokines, 
like TGFβ and IL-10 that could be responsible for STAT 
disruption, particularly pSTAT1, 3 and 5 [19].

In breast cancer, as a naturally immunogenic tu-
mor [3], investigation of the JAK-STAT pathway shows 
alterations that contribute to immunosuppression and 
that could be of diagnostic and therapeutic signifi cance. 
As NK cell activity is downregulated in advanced ma-
lignancies, including breast cancer [20,21], it is of inter-
est to defi ne the association of impaired NK cytotoxic-
ity with the expression of IFNγ in PBL and respective 
pSTATs, as mediators of IFNγ signaling.

Methods

Blood samples

Twenty patients (45-65 years old) with histologi-
cally proven breast cancer in different clinical stages, 
were enrolled in this study prior to any therapy (Table 
1). Blood samples were taken from patients in advanced 
stages (clinical stage III and IV) before chemotherapy 
and from patients in clinical stage I or II before surgery. 
Twenty healthy age-matched controls (44-67 years old) 
formed the control group. The study was carried out af-
ter fulfi lling all required ethical standards and the study 
protocol was approved by the institutional review board 
at the Institute of Oncology and Radiology of Serbia.

Table 1. Patient and tumor characteristics

Characteristics Patients, n (%)

Age, years
< 50 5 (25)
> 50 15 (75)

Menopausal status
Premenopausal 9 (45)
Postmenopausal 11 (55)

Stage
Early clinical stages (I-II) 7 (35)
Advanced clinical stages (III-IV) 13 (65)

Site of metastases
Lung 5 (25)
Liver 9 (45)
Bone 7 (35)

Histology
Ductal 13 (65)
Other 7 (35)

Breast cancer subgroup
HER2 positive 3 (15)
HR positive 12 (60)
Triple negative 7 (35)

HER2/neu status
Negative 17 (85)
Positive 3 (15)

HR status
Negative 8 (40)
Positive 12 (60)

HR: hormone receptor
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169 mm pixel size and 1250–1650 (X–Y) pixel count, 
using the autodensity feature on a scale ranging from 
0 (clear) to 255 (opaque). The pixel density was deter-
mined and used to calculate the integrated density of a 
selected band. Values of integrated density were report-
ed in volume units of pixel intensity per mm2.

Statistical analysis

Signifi cance of differences of the obtained results 
for controls and breast cancer patients of IFNγ positive 
PBL and CD3-CD16+ NK cell subsets, as well as dif-
ferences in NK cell activity were done by nonparamet-
ric Mann-Whitney U test. Correlation of IFNγ positive 
cells in PBL with NK cell activity in breast cancer pa-
tients and controls was performed by Spearman’s cor-
relation test. Signifi cance of differences for the obtained 
results of STAT1 positive PBL, CD3+ T cell and CD3-

CD16+ NK cell subsets in controls and patients was esti-
mated by Mann-Whitney U test. Values of p<0.05 were 
considered signifi cant.

Results

Compared to controls, the PBL of breast cancer 
patients in advanced clinical stage of disease (1.9±0.23 
vs. 3.83±0.35%) had signifi cantly lower intracellular 
level of IFNγ (Mann-Whitney test, p<0.01), while pa-
tients in early clinical stage did not differ signifi cantly 
from controls (3.19±1.06 vs. 3.83±0.35%, Mann-Whit-
ney test, p=0.16) (Figure 1a). The representative fl ow 
cytometry dot plots for the expression of IFNγ in PBL 
in healthy controls and patients are shown in Figure 1b.

Further analysis of intracellular level of IFNγ in 
CD3–CD16+ NK cells showed that the investigated pa-
tients had signifi cantly lower IFNγ level compared to 
controls (0.37±0.13 vs. 0.89±0.14%, Mann-Whitney 
test, p<0.05) (Figure 2a). The representative fl ow cy-
tometry dot plots for the expression of IFNγ in CD3-

CD16+ NK cells in healthy controls and patients are 
presented in Figure 2b.

Patients in early clinical stage of breast cancer had 
signifi cantly decreased NK cell cytotoxicity compared 
to controls (24.47±2.21 vs. 46.14±2.47%, respectively, 
Mann-Whitney test, p<0.01). However, patients with 
advanced clinical stage had significantly decreased 
NK cell cytotoxicity compared to both early breast can-
cer patients and controls (16.43±6.55 vs. 1.9±0.23%, 
p=0.033; 16.43±6.55 vs. 46.14±11.03%, Mann-Whit-
ney test, p <0.01) (Figure 3).

Positive correlation was shown between intra-
cellular level of IFNγ in PBL and NK cell activity in 

Flow cytometric analysis

For analysis of the intracellular IFNγ production, 
1×106 isolated PBL/well were incubated with CM as 
described. After that, PBL were stained with 5 μl of 
the following combinations of monoclonal antibodies: 
FITC-labeled anti-CD16 (BD Biosciences – Pharmin-
gen, San Jose, USA) and PerCP-labeled anti-CD3 (BD 
Biosciences – Pharmingen, San Jose, USA) [23]. The 
cells were permeabilized and stained with phycoery-
thrin-labeled anti-IFNγ or with anti-pSTAT1 (BD Bio-
sciences, San Jose, USA) [24]. A total of 10,000-50,000 
gated events verifi ed as PBL per sample, according to 
both physical characteristics (FSC and SSC) were col-
lected using FACSCalibur flow cytometer (Becton 
Dickinson, San Jose, USA) and analyzed using Cel-
lQUEST software. Expression of IFNγ and pSTAT1 
was estimated in PBL gated on CD3 positive cells and 
CD3-CD16+ NK cells.

NK cell assay

NK cell activity was determined using standard 
cytotoxicity assay [25]. 100 μl of in vitro stimulated 
PBL, as effector cells, at concentration of 4.0×106/ml 
of CM and two 1:1 dilutions, were mixed with 100 ul 
of the erythromyeloid cell line K562, as target cells, at 
concentration of 0.05×10/6 ml, prelabeled with radioac-
tive 51Chromium (Na2CrO4, As = 3.7 MBq, Amersham, 
UK), to form triplicates of 3 effector cell (E) to target 
cell (T) ratios (E:T), 80:1, 40:1 and 20:1. The assay was 
performed in 96 round bottom microwell plates (Falcon, 
USA) which were incubated in an incubator at 37° C in 
a humidifi ed atmosphere containing 5% CO2. Plates 
were then centrifuged for 3 min at 200 g and the super-
natant from each well was used for determination of 
the amount of the released 51Chromium from the lysed 
K562 cells in a gamma counter (Berthold, FRG) and ex-
pressed in counts per min (cpm). The mean percent cy-
totoxicity was calculated using the following formula:
cpm (experimental release) – cpm (spontaneous release) 

×100
   cpm (maximal release) – cpm (spontaneous release)

Maximal release was obtained by incubation of 
target K562 tumor cells at the same concentration in 
the presence of 5% Triton X-100, and spontaneous re-
lease was obtained by incubation of K562 cells in cul-
ture medium, alone.

Quantification of blots

Gels were scanned by using gel image system 
(Kodak Image 1D 3.6., USA), in a grey scale mode at 
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Figure 1. A: The average baseline level of IFNγ in PBL of breast cancer patients with advanced disease, contrary to patients in early clini-
cal stages, shows significant decrease compared to controls (Mann–Whitney U-test, p <0.01). B: Representative flow cytometry dot plots 
of IFNγ positive cells in PBL in a control, an early and an advanced breast cancer patient.
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Figure 2. A: Decreased average level of IFNγ in CD3-CD16+ NK cells of breast cancer patients compared to controls (Mann-Whitney U-test, 
p<0.05). B: Representative flow cytometry dot plot of IFNγ positive cells in CD3-CD16+ NK cells in a control and a breast cancer patient.
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breast cancer patients expressed a signifi cantly lower 
baseline level of phosphorylated STAT1, and that the 
decrease in pSTAT1 was dependent on disease progres-
sion. Moreover, lower baseline levels of pSTAT3 and 
pSTAT5 in PBL of patients compared to controls were 
also dependent on disease progression (Figure 5a). Rep-
resentative blots are given in Figure 5b. When analyzed 
by Phosfl ow, breast cancer patients had a signifi cantly 
lower level of pSTAT1 (Y701) in PBL, CD3+ cells, as 
well as in CD3-CD16+ NK cells when compared to con-
trols (1.92±0.34 vs. 7.54±0.50, p<0.01; 1.40±0.36 vs. 
5.28±0.33, p<0.01; 0.33±0.07 vs. 0.63±0.19, p<0.05, 
respectively, Mann-Whitney test) (Figure 6a). The rep-
resentative fl ow cytometry dot plots for the expression of 
pSTAT1 in PBL, CD3+ cells and CD3-CD16+ NK cells 
in healthy controls and patients are shown in Figure 6b.

Discussion

It may be presumed that dysregulation of signal-
ing pathways in PBL contributes to ineffi cient antitu-
mor immune response of cancer patients, including 
breast cancer. This may result from impaired produc-
tion of Th1 cytokines and altered immune cell recep-
tor expression that leads to defects in lymphocyte sig-
naling in these patients [25]. New insights revealed a 
critical role for endogenously produced IFNγ in pro-
moting host responses to tumors [2]. IFNγ produc-
tion is restricted only to a limited number of cell types 
which include lymphocytes that promote innate im-
munity, namely NK cells and T cells, as components of 
the adaptive immune system [26]. Our newly obtained 
data show decreased PBL as well as NK cell intracy-
toplasmic level of IFNγ in breast cancer patients com-
pared to controls.

Furthermore, we showed impaired NK cell cy-
totoxicity of the investigated patients which is associ-
ated with various malignancies, especially in advanced 
stages [27]; this observation has been reported for breast 
cancer patients in only a few studies so far [20,28]. In 
this sense, we showed that the activity of NK cells, as 
the most important subset of innate immunity in antitu-
mor reactions, is signifi cantly decreased in breast cancer 

both healthy controls and all investigated breast can-
cer patients (Spearman’s correlation test, p=0.0073 
and p=0.0036, respectively) (Figure 4a, b). However, 
in patients with advanced disease stages positive corre-
lation between intracellular IFNγ level in PBL and NK 
cell activity was found, while there was no correlation 
between the IFNγ level in PBL and NK cell activity in 
patients in early disease stages (Spearman’s correlation 
test, p=0.034 and p=0.16, respectively) (Table 2).

Western blot analyses showed that the PBL of 

Table 2. Correlation of IFNγ positive cells in PBL with NK cell activ-
ity in patients with early and advanced breast cancer clinical stages

 rho p-value

Early clinical stages 0.41 0.16
Advanced clinical stages 0.27 0.034*

*significant correlation of IFNγ positive cells in PBL and NK cell activity 
(Spearman’s correlation test, p≤ 0.01)

Figure 3. NK cell activity of breast cancer patients in advanced dis-
ease stage was significantly lower in comparison to controls (Mann-
Whitney U-test, p<0.01) and early disease stage (Mann-Whitney 
U-test, p<0.05).
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decrease of IFNγ level in NK cells of breast cancer pa-
tients also shows the adverse effect of disease stage on 
NK cell immunoregulatory function, represented by se-
cretion of cytokines, especially IFNγ, which is impor-
tant in antitumor immune responses [14].

Furthermore, our data indicate that PBL of breast 
cancer patients express lower level of pSTAT1, 3 and 5 
compared to controls, and that this decrease is depen-
dent on the stage of disease. The impairment of STAT 
expression - evident in patients in each clinical stage of 
disease - indicates that it represents an early mechanism 
of immune dysfunction in breast cancer that persists 
through tumor progression to metastatic disease [18]. 
Moreover, apart from these semiquantitative analyses 
in PBL, we showed that the decreased level of pSTAT1 
(Y701) is present in CD3+ PBL and in CD3-CD16+ NK 
cells in patients. This fi nding suggests that the JAK-
STAT signal transduction pathway might be altered in 
patients with breast cancer, especially those with ad-
vanced disease, owing to immune effector cell expo-
sure to a tumor-induced altered cytokine milieu [19] 
that may lead to poor phosphorylation of STATs in PBL 

patients, with the decrease being even more pronounced 
in patients with advanced disease stages compared to 
early stages. As found in other advanced malignancies, 
this dysfunction of NK cells in breast cancer patients is 
probably the consequence of cytokine disbalance due to 
the prevalence of immunosuppressive cytokines such 
as IL-10 and TGFβ [19], as well as tumor-produced in-
hibitory factors [29]. This may result not only from im-
munosuppressive cytokine-induced decrease of secre-
tory cytotoxic NK components [29], but also from the 
dysregulation of the STAT pathways that are involved 
in NK cell activity. Furthermore, this result suggests 
that NK cell cytotoxicity could possibly serve as stag-
ing marker in breast cancer patients.

Despite the decreased PBL level of IFNγ and NK 
cell cytotoxicity in the investigated patients there was 
a positive correlation of these two parameters in both 
patients and controls, suggesting a comparative de-
crease in IFNγ level and NK cell cytotoxicity. The lack 
of this correlation in patients with early disease stage 
makes the infl uence of tumor burden on these immune 
functions even more evident. Moreover, intracellular 

Figure 5. A: PBL of breast cancer patients compared to controls express lower baseline level of pSTAT1, pSTAT3 and pSTAT5. B: Repre-
sentative blot showing pSTAT1, pSTAT3 and pSTAT5 level in PBL of controls and breast cancer patients.
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mediators of IFNγ signaling and NK cell cytotoxicity, 
may represent possible targets in designing new thera-
peutic agents in this disease. Moreover, the obtained da-
ta implicate that pSTAT1 in PBL and subsets of breast 
cancer patients could be a biomarker of decreased NK 
cell cytotoxicity and IFNγ production associated with 
the progression of breast cancer.

Acknowledgement

This work was supported by the grant no.175063 
of the Ministry of Science and Technology of the Re-
public of Serbia. We wish to thank Mrs. Jasna Popovic-
Basic and Mrs. Marijana Topalovic for excellent tech-
nical work and help during this investigation and Mrs. 
Dusica Gavrilovic for extensive statistical analyses.

of breast cancer patients. This fi nding is in concordance 
with the only previous study published for breast cancer 
patients [18], and also with several other investigations 
showing STAT dysregulation in PBL of melanoma and 
renal cell carcinoma patients [16,17]. As cytokines act 
very quickly upon signaling in immune cells, and since 
the action of cytokines on most cellular processes at lat-
er time points is a result of secondary signaling events 
and is subjected to negative feedback [30], we think that 
the obtained low level of STAT phosphorylation after a 
longer treatment better refl ects the unfavorable mecha-
nisms, present in particular in patients’ PBL.

In this study we show that, in breast cancer pa-
tients, lower IFNγ level and reduced NK cell cytotox-
icity, important in the control of tumor growth, are as-
sociated with tumor progression. Lower baseline PBL 
expression of pSTAT1, 3 and 5 transcription factors, 

Figure 6. A: Breast cancer patients show a significantly lower level of pSTAT1 in PBL, CD3+ T cells, as well as in CD3-CD16+ NK cells 
compared to controls (Mann-Whitney test, p<0.01, p<0.01, p<0.05, respectively). B: Representative flow cytometry dot plots for the ex-
pression of pSTAT1 in PBL, CD3+ cells and CD3-CD16+ NK cells in patients and controls.
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