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Elevated level of peripheral CD8+CD282 T lymphocytes are
an independent predictor of progression-free survival in patients
with metastatic breast cancer during the course of chemotherapy

Guohong Song • Xiaoli Wang • Jun Jia • Yanhua Yuan •

Fengling Wan • Xinna Zhou • Huabing Yang • Jun Ren •

Jiezhun Gu • Herbert Kim Lyerly

Received: 1 January 2013 / Accepted: 30 March 2013 / Published online: 21 April 2013

� Springer-Verlag Berlin Heidelberg 2013

Abstract

Purpose Suppression of cellular immunity resulting from

tumorigenesis and/or therapy might promote cancer cells’

growth, progression and invasion. Here, we explored

whether T lymphocyte subtypes from peripheral blood of

metastatic breast cancer (MBC) female patients could be

used as alternative surrogate markers for cancer progress.

Additionally, plasma levels of interleukin (IL)-2, IL-4, IL-

6, IL-10, IFN-c, and transforming growth factor-b1 were

quantitated from MBC and healthy volunteers.

Experimental design This study included 89 female MBC

patients during the post-salvage chemotherapy follow-up

and 50 age- and sex-matched healthy volunteers as control.

The percentages of T lymphocyte subpopulations from

peripheral blood and plasma levels of cytokines were

measured.

Results Both CD8?CD28- and CD4?CD25? were ele-

vated in MBC patients compared to the control cohort

(P \ 0.05). In contrast, CD3? and CD8?CD28?cells were

significantly lower in MBC patients (P \ 0.0001,

P = 0.045, respectively). MBC patients had elevated lev-

els of immunosuppressive cytokines IL-6 and IL-10.

Patients with elevated CD8?CD28- and CD4?CD25?

cells showed increased levels of IL-6, and only patients

with elevated CD8?CD28- had decreased interferon-c.

Univariate analysis indicated increased CD3?CD4? or

CD8?CD28?correlated with prolonged progression-free

survival (PFS), while elevated CD8?CD28-associated

with shorten PFS. The percent of CD8?CD28- T lym-

phocytes is an independent predictor for PFS through

multivariate analysis.

Conclusions This study suggests that progressive ele-

vated levels of CD8?CD28- suppressor T lymphocytes

represent a novel independent predictor of PFS during post-

chemotherapy follow-up.
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Introduction

Breast cancer is the most common form of cancer among

women in the world. Although patients with metastatic

breast cancer (MBC) can be effectively managed with

appropriate treatment strategies, most patients eventually

die from refractory disease with multiple organ metastases

leading to functional organ failure. Alteration of cellular

immunity is regarded as an internal accompanying event

from the onset of cancer to terminal disease [1–3]. A
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number of factors, including cancer cell interactions with

lymphocytes or anticancer treatment–related chemotherapy

and radiotherapy, can have a significant impact on the

immune system [4–7]. Cellular immunity plays an impor-

tant role in eradicating residual tumor cells and maintaining

homeostasis, since an active immune system targets mutant

pathogenic cells or cancer cells and can induce cancer cell

apoptosis. Therefore, the loss of cellular immunity and an

imbalance of humoral immunity could trigger the pro-

gression of cancer and contribute to disease progression

and treatment failure [8].

Most cancer patients do not develop a satisfactory anti-

tumor response due to T cell functional impairment. Previous

studies demonstrated that CD8?(CD8?CD28-) and CD4?

(CD4?CD25?Foxp3?) regulatory T cells (Tregs) inhibit T

cell activation and proliferation, particularly cytotoxic T

cells, through cell–cell interactions and secretion of sup-

pressive cytokines such as interleukin (IL)-6, IL-10, and

transforming growth factor (TGF)-b [9–14]. Cytokines also

play an important role in evoking immune responses and

immune endurance. IL-2 and interferon (IFN)-c are key

cytokines in triggering immune responses, while IL-6, IL-10,

and TGF-b1, secreted by lymphocytes and tumor cells, are

responsible for immunosuppression. It is thought that com-

plex interactions between the host’s immune system and an

existing tumor eventually result in impairment of cellular

immunity [15–17]. Previous studies have shown significant

changes of peripheral blood lymphocyte cell subsets in

patients with different malignant lesions [16, 18–20]. How-

ever, it is not known whether certain populations of lym-

phocytes or types of cytokines could be regarded as

prognostic or predictive indicators for MBC [15, 21–25].

Therefore, the present study attempted to expand previous

observations to determine whether certain lymphocyte sub-

sets could predict progression-free survival (PFS) during

post-chemotherapy follow-up among MBC female patients.

Materials and methods

Patients and healthy volunteers

This study was approved by the both Peking University

Cancer Hospital and Institute and Beijing Shijitan Hospital

Institutional Review Board (IRB). Written consent was

obtained from all patients. Patient population (n = 89

female) was accrued to the study between January 2005 and

June 2006. The average patient age was 52.3 years (range

28–70). MBC patients who were eligible for receiving

standard salvage chemotherapy had at least one measurable

lesion by Response Evaluation Criteria in Solid Tumors

(RECIST) with an Eastern Cooperative Oncology Group

(ECOG) performance status of 0–2 and a life expectancy

[3 months. We excluded patients that did not qualify for

chemotherapy as determined by their physician and patients

that had the addition of immune modulations following

chemotherapy. The control group (n = 50) consisted of age-

and sex-matched healthy volunteers with the mean age of

47.5 years old. They were free from active viral infection,

Hepatitis A (HAV), Hepatitis B (HBV), HIV, tuberculosis,

and autoimmune diseases complications.

Treatment protocol

A taxane-based chemotherapy regimen was undertaken for

each individual. Patients received six cycles of the che-

motherapy regimen if there was no disease progression.

Demographic and clinical data of patients were reported in

case report forms designed for data collection for this

study. Blood samples were taken at baseline and follow-up

intervals of every 2 months. The response to chemotherapy

was assessed using the RECIST criteria. The primary

endpoint of this study was PFS, defined as time to pro-

gressive disease.

Cell isolation and antibodies reagents

Two milliliters of heparinized peripheral blood was

obtained from each patient and healthy volunteers. Whole

blood (100 ll) was incubated in the dark with primary

antibody at 4 �C for 15 min. After hemolysis for 10 min,

samples were centrifuged for 10 min at 1,500 rpm at room

temperature, and then washed twice in PBS and subjected

to flow cytometric analysis (Becton–Dickinson, Franklin

Lakes, NJ). Primary antibodies included: anti-CD4-FITC,

anti-CD8-PE, anti-CD3-PerCP (Becton–Dickinson), anti-

CD4-FITC (Beckman-Coulter), anti-CD25-PE (Beckman-

Coulter), anti-CD28-FITC (Beckman-Coulter), anti-CD8-

PE (Beckman-Coulter), anti-CD3-FITC, anti-CD16-PE,

anti-CD56-PE (Becton–Dickinson), and anti-CD19-PC5

(Beckman-Coulter).

Flow cytometric analysis

Three-color flow cytometric analysis was performed to

determine cell phenotypes. Lymphocyte subset levels were

reported as percentages of the total population. Flow

cytometry was performed using an Epics XL (Beckman-

Coulter), and Expo32 ADC software (Beckman-Coulter)

was used for analysis. Lymphocytes were gated by forward

scatter versus side scatter. T lymphocytes were gated on

CD3? (PerCP) positive cells, B lymphocytes were gated on

CD19? (PerCP) cells, and NK lymphocytes were gated on

CD16?CD56? (PE) cells in the lymphocyte gate. Analysis

was set to collect 5,000 gated events. Lymphocyte subsets

analyzed included T cells (CD3?, CD3?CD4?,
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CD3?CD8?, CD4?CD25?, CD8?CD28?, CD8?CD28-),

natural killer cells (CD3-CD56?), and B cells (CD19?).

Measurement of plasma cytokines by enzyme-linked

immune sorbent assay (ELISA)

Blood samples were processed for plasma within 30 min of

each blood draw. Blood was centrifuged at 1,0009g for

30 min. Plasma samples were kept frozen at -80 �C until

analysis. The plasma concentrations of cytokines were

determined using sandwich enzyme immunoassay kits

from Boster Biological Tech Co.(Wuhan, China) for IL-2,

IL-4, IL-6, IL-10, IFN-c, and TGF-b1 (lot numbers

EK0397, EK0404, EK0410, Ek0416, EK0373, and

EK0513, respectively).

The minimum detectable levels of the cytokine assays

were 1 pg/ml for IL-2, 1.5 pg/ml for IL-4, 0.3 pg/ml for

IL-6, 0.5 pg/ml for IL-10, 2 pg/ml for IFN-c, and 1 pg/ml

for TGF-b1.

Statistical analysis for lymphocytes variations and PFS

The SAS system for Windows 9.0 statistical software was

used for all data analysis. A P value of \0.05 was con-

sidered statistically significant. Results of the relative cell

numbers were presented as mean values ± standard devi-

ation (SD). Statistical analyses were performed using the

Student’s t test to compare lymphocyte subsets between

patients and healthy controls. The plasma concentration of

cytokines was analyzed using Curve Expert 1.3 software.

The levels of plasma cytokines in different groups were

analyzed using independent sample t tests.

Cumulative survival time was calculated by the Kaplan–

Meier methods. The univariate analyses of the correlation

between PFS and experimental data were based on log-

rank test. The multivariate analyses were based on the Cox

proportional hazards regression model. The dependent

variable was PFS, while the independent variables included

age, estrogen receptor (ER) status, progesterone (PR) sta-

tus, HER2 status, metastasis site, menopausal status, prior

chemotherapy exposures, and the parameters of eight

peripheral blood leukocyte subtypes. Data collection from

the laboratory was blinded from the clinicians, and an

independent group compared the experimental data with

clinical responses.

Results

Patient cohort

All patients were female MBC patients. Patients had a

mean age of 52.3 years (range 28–70 years), with 19

(21.3 %) patients being older than 60 years. Patients had

previously received 0 (39.3 %), 1–3 (28 %), or 4 or more

(32.7 %) lines of regimens of metastatic chemotherapy. Of

the tumors present, 27.7 % were HER-2 positive and

21.3 % were triple negative. Sites of metastatic disease

were visceral (19.1 %), lymph nodes/soft tissue/bone

(44.9 %), or both (34.8 %). The median PFS was

4.0 months (range 1–24 months).

Percentage of lymphocyte subsets in peripheral blood

of MBC patients and healthy volunteers

We compared the percentages of CD3?, CD3?CD4?,

CD3?CD8?, CD8?CD28?, CD8?CD28-, CD4?CD25?,

CD3-CD56?, and CD19? cells in the peripheral blood of

all MBC patients to those in healthy controls and observed

significant differences in the percentages of CD3?,

CD8?CD28?, CD8?CD28- and CD4?CD25?cells

(P \ 0.05) (Table 1). A significant increase in the per-

centages of CD8?CD28- and CD4?CD25? subsets was

observed in the peripheral blood of MBC patients com-

pared to that of healthy controls (21.3 ± 8.0 vs.

17.4 ± 7.5, 9.6 ± 4.6 vs. 5.4 ± 2.7, respectively

P \ 0.05). In contrast, the percentages of CD3? and

CD8?CD28?cells were significantly lower in MBC

patients than controls (59.1 ± 11.3 vs. 69.1 ± 8.0,

P B 0.0001; 11.0 ± 4.9 vs. 12.1 ± 3.5, P = 0.045).

Percentages of lymphocyte subsets in peripheral blood

of MBC patients and baseline characteristics

The level of lymphocyte subsets was not associated with

ECOG performance status, HER2 receptor status, or

pathological classification of tumors. However, the per-

centages of CD3? and CD3?CD8? subsets among pre-

menopausal MBC patients were higher than those of post-

menopause patients (P = 0.01 and P = 0.011, respec-

tively). The percentages of lymphocyte subsets in patients

who had been off chemotherapy for more than 3 months

were similar to those of patients who were ‘‘chemo naı̈ve’’

(Table 2).

Correlation of independent variables with PFS

In univariate analyses, the log-rank test was employed to

test the relation between PFS and independent variables.

The results are shown in Table 3. Four indicators signifi-

cantly correlated with PFS. The CD3?CD4? and

CD8?CD28? T lymphocytes and positive ER status posi-

tively correlated with PFS, while the CD8?CD28- T

lymphocytes negatively correlated with PFS. However,

when considering the multivariate analyses using Cox

proportional hazards regression model, only the
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CD8?CD28- subset was independent predictor that cor-

related with PFS (Table 4). The Kaplan–Meier plots of

PFS for patients with different CD8?CD28- subset status

are shown in Fig. 1. The median PFS for patients with an

elevated CD8?CD28- T cell subset percentage (C24.0 %)

was significantly shorter than that in patients with a normal

CD8?CD28- subset percentage (\24.0 %) (3.0 ± 0.3 vs.

5.0 ± 0.5 months P \ 0.001).

Plasma levels of cytokines

The plasma levels of cytokines are shown in Table 5. In the

MBC group, the mean levels of IL-6 and IL-10 were

significantly higher than in controls (P = 0.002,

P = 0.015, respectively). The plasma levels of IL-2, IFN-c
and IL-4 decreased in MBC patients but without statistical

significance (P = 0.169, P = 0.208 and P = 0.842,

respectively). The plasma levels of IL-2, IL-4, IL-6, IL-10,

IFN-c, and TGF-b1 in MBC patients with different per-

centages of CD8?CD28- lymphocytes or CD4?

CD25?cells are shown in Table 6. The plasma levels of IL-

6 in patients with increased CD8?CD28-cells (C24.0 %)

was significantly higher than that of patients with a normal

level of CD8?CD28- cells (\24 %) (P = 0.005). In con-

trast, the concentration of IFN-c was significantly lower in

patients with increased CD8?CD28-cells than that of

patients with a normal level of CD8?CD28- cells

(P = 0.008). The plasma levels of IL-10 were higher in

patients with increased CD8?CD28- cells than in their

normal counterparts, but the difference was not statistically

significant (P = 0.516). In patients with increased

CD4?CD25?cells, only IL-6 levels were statistically

higher than in the healthy group (P = 0.031).

Discussion

Immune dysfunction is prevalent among most malignan-

cies including MBC [26–28], suggesting that immunosup-

pression may contribute to the progression and

chemotherapy resistance of cancer. There is increasing

evidence suggesting tumor-infiltrating immune cells have

prognostic value. Recently, Suzuki et al. [29] reported that

the relative proportion of stromal FoxP3? cells to CD3?

cells was a strong predictor of recurrence in 956 patients

with stage I adenocarcinoma of lung cancer than the

number FoxP3? cells alone. High expression of tumor IL-

12 receptor beta 2 (IL-12 Rb) was associated with better

Table 1 Percentages of lymphocyte subsets in the peripheral blood

of patients with metastatic breast cancer and healthy controls

Subset % Patients cohort

(N = 89)

Healthy controls

(N = 50)

T value P value

CD3? 59.1 ± 11.3 69.05 ± 8.0 -8.354 \0.0001

CD3?/

CD4?

32.5 ± 8.2 33.7 ± 7.9 -1.382 0.171

CD3?/

CD8?
23.7 ± 7.7 23.85 ± 5.75 -0.145 0.885

CD8?/

CD28?
11.0 ± 4.9 12.05 ± 3.5 -2.038 0.045

CD8?/

CD28-
21.3 ± 8.0 17.35 ± 7.45 4.660 \0.0001

CD4?/

CD25?
9.6 ± 4.6 5.4 ± 2.7 9.520 \0.0001

CD3-/

CD56?
16.9 ± 8.2 16.8 ± 8.7 0.087 0.9310

CD19? 13.6 ± 6.1 12.7 ± 5.4 1.272 0.207

Values represent the mean ± SD

P values were calculated by Student’s t test

Table 2 The influence of prior chemotherapy regimens on lymphocyte subsets

Pre-chemotherapy 0 1–3 C4 P value

No. 35 22 32

CD3? 58.08 ± 10.21 58.78 ± 13.26 59.06 ± 11.29 0.632

CD3?CD4? 32.03 ± 8.83 32.31 ± 8.95 32.49 ± 8.24 0.801

CD3?CD8? 23.22 ± 7.28 24.35 ± 8.73 23.73 ± 7.65 0.836

CD8?CD28? 10.71 ± 4.16 9.83 ± 4.63 12.1 ± 4.89 0.227

CD8?CD28- 20.29 ± 6.48 21.52 ± 10.15 21.3 ± 8.01 0.58

CD4?CD25? 8.84 ± 4.51 9.71 ± 4.79 9.64 ± 4.6 0.291

CD3-CD16?56? 15.38 ± 6.75 17.33 ± 9.94 16.93 ± 8.23 0.297

CD19? 14.51 ± 4.81 13.02 ± 7.07 13.57 ± 6.05 0.5

Values represent the mean ± SD

P values were calculated by Student’s t test
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outcome while high expression of IL-7R resulted in poorer

outcome. Tumor biomarkers from different sources,

including body fluids and peripheral blood, have been

widely used to evaluate clinical responses to therapy as

well as disease progression or recurrent status. Currently

used biomarkers may only reflect relatively later events of

cancer progression and may have little value in revealing

latent early changes within cancer tissues. Currently, it is

not known whether subsets of lymphocytes or cytokines

could be used as prognostic or predictive indicators,

especially in MBC [15, 21–24]. Since the evaluation of

tumor responses only reflect the effectiveness of anticancer

treatments after several cycles, there is no reliable param-

eter that can be used to predict the benefits of a given

Table 3 Correlation between PFS and clinical data by univariate

analysis

Item PFS (months) P value

Age

\60.0 4.0 ± 0.21 0.419

C60.0 5.0 ± 0.62

ER

Negative 4.0 ± 0.55 0.025

Positive 5.0 ± 0.47

PR

Negative 4.0 ± 0.52 0.345

Positive 4.0 ± 0.49

HER2

Negative 4.0 ± 0.18 0.209

Positive 5.0 ± 0.57

Metastatic site

Visceral 4.0 ± 0.59 0.785

Skin/lymph/bone 5.0 ± 0.78

Both 4.0 ± 0.28

Menopausal Status

Premenopause 4.0 ± 0.74 0.238

Post-menopause 4.0 ± 0.31

Pre-chemotherapy (vs.)

B3 cycles 4.0 ± 0.31 0.788

[3 cycles 4.0 ± 1.13

CD8?CD28?

\11.0 % 4.0 ± 0.34 0.029

C11.0 % 6.0 ± 0.73

CD8?CD28-

\24.0 % 5.0 ± 0.50 \0.001

C24.0 % 3.0 ± 0.25

CD4?CD25?

\9.6 % 4.0 ± 0.22 0.236

C9.6 % 5.0 ± 0.68

CD3?

\59.1 % 4.0 ± 0.68 0.717

C59.1 % 4.0 ± 0.38

CD3?CD4?

\32.5 % 4.0 ± 0.30 0.015

C32.5 % 5.0 ± 0.53

CD3?CD8?

\23.7 % 5.0 ± 0.58 0.419

C23.7 % 4.0 ± 0.19

CD3-CD16?56?

\16.9 % 5.0 ± 0.50 0.703

C16.9 % 4.0 ± 0.34

CD19?

\13.6 % 4.0 ± 0.39 0.674

C13.6 % 4.0 ± 0.66

P values were determined by log-rank test

ER estrogen receptor, PR progesterone receptor, PFS progression-free
survival

Table 4 Analysis of relationship between PFS and possible influence

factors

Item PFS HR (95 % CI) P value

CD8?CD28? (\11.0 vs.

C11.0 %)

1.441 (0.9209 ± 2.257) 0.111

CD8?CD28- (\24.0 vs.

C24.0 %)

0.476 (0.2859 ± 0.796) 0.005

CD3?CD4? (\32.5 vs.

C32.5 %)

1.369 (0.8289 ± 2.262) 0.221

CD4?CD25? (\9.6 vs.

C9.6 %)

1.046 (0.6269 ± 1.747) 0.865

P values were determined by multiple Cox regression analysis

PFS progression-free survival, CI confidence interval, HR hazard rate
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Fig. 1 Kaplan-–Meier plot of progression-free survival for patients

with different CD8?CD28- subset status. The median progression-

free survival (PFS) in patients with an increased CD8?CD28- subset

percentage (C24.0 %) was significantly lower than that in patients

with a normal CD8?CD28- subset percentage (\24.0 %). (3.0 ± 0.3

vs. 5.0 ± 0.5 months, P \ 0.001)
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treatment. Thus, we have prospectively compared the rel-

ative percentages of different lymphocyte subsets in the

peripheral blood between patients with MBC and healthy

controls to determine whether lymphocytes could be used

to predict the status of disease as well as PFS among MBC

patients.

In the past decade, researchers have noticed that regu-

latory CD4?/CD25? T cells are increased among non-

small-cell lung cancer tumor infiltration lymphocytes and

ovarian cancer tumor-associated lymphocytes, and most of

these cells were capable of secreting TGF-b [9]. In the

present study, we also analyzed both the percentage of

different lymphocyte subpopulations and the plasma levels

of cytokines IL-2, IL-4, IL-6, IL-10, IFN-c, and TGF-b1 to

evaluate their potential roles in disease progression. The

results showed the significant decreases in the percentages

of total CD3? T cells and CD8?CD28? T cells, concurrent

with a significant increase in the percentage of

CD8?CD28- and CD4?CD25? T cells in MBC patients.

In addition, the plasma levels of IL-6 and IL-10 were

significantly elevated. These results indicated that the MBC

patients had impaired immunity. We should address that

CD4?/CD25? T cells measured in this study were not

representative of CD4?/CD25?FoxP3 regulatory T cells.

The purpose of this study was not designed for discrimi-

nation of Treg subtypes; therefore, CD4?/CD25? Treg

phenotype indicated here may represent cell surface

expression as previously reported. Cutting-edge flow

cytometry supports the use of the CD4?/CD25?/CD127

phenotype as a surrogate phenotype for FoxP3?Treg [30].

Although immune cells, especially T cells, play an

active role in immune surveillance and control of tumor

growth during the early stages of cancer, suppressive CD4?

and CD8? Treg can develop after chronic stimulation and

interactions with tumor cells, thus promoting rather than

inhibiting cancer development and progression [31, 32].

Treg plays a crucial role in regulating immune responses to

maintain immune homeostasis [31]. Antigen-induced Treg

mediate immune suppression either through cell–cell con-

tact or through secretion of soluble suppressive cytokines

such as IL-10 and TGF-b, which can also induce Treg

differentiation [33–35]. Recent studies have shown an

increased proportion of CD4?CD25?Foxp3?Treg in

peripheral blood lymphocytes of patients with gastroin-

testinal malignancies, breast cancer, and lung cancer [19,

36, 37]. The increased prevalence of Treg could induce T

cell dysfunction in cancer patients by down-regulating T

cell signaling molecules or by the induction of T cell

apoptosis, resulting in immunologic tolerance and immu-

nosuppression [9, 10, 38–40]. Moreover, the relative

increase of Treg may be associated with immunosuppres-

sion and tumor progression in patients with lung cancer,

ovarian cancer, and gastrointestinal malignancies [9, 10].

In this study, we observed a significantly higher percentage

of CD4?CD25? T cells in MBC patients than in healthy

controls. The plasma levels of IL-10 and IL-6 were also

increased among MBC patients. Previous studies showed

an expansion of CD8?CD28- lymphocyte subsets in

patients with malignancies [20, 41–43] and that increased

CD8?CD28-lymphocyte subsets in cancer patients may be

associated with advanced stages of disease and poor sur-

vival [15, 44, 45]. However, the prognostic value of dif-

ferent lymphocyte subsets in MBC patients has not been

previously studied. This study has showed an increase in

the percentage of the CD8?CD28- lymphocyte subset

from the peripheral blood of MBC patients accompanied

by increased IL-6 and IL-10. Based on the results of uni-

variate analysis for PFS, the percentages of CD3?CD4?

and CD8?CD28?lymphocytes positively correlated with

PFS, while elevated CD8?CD28- lymphocytes associated

with shorten PFS (Table 3). In the multivariate analyses

using Cox proportional hazards regression model,

CD8?CD28- lymphocytes were shown to be an indepen-

dent factor to predict a short PFS (Table 4).

One of the interesting findings from this study was that

interferon gamma (IFNc) levels were concurrently lower in

patients with elevated CD8?/CD28- cells. However, a

direct relationship between CD8?/CD28 and production of

IFNc cannot be assumed since, following chemotherapy,

the immune system could be impaired by IL-12, resulting

in a reduction in IFNc secretion [46]. Furthermore, because

this is a population-based clinical study, the basic demo-

graphic of patients was not uniform since previous anti-

cancer treatments were variable among patients, including

cytotoxic regimen, radiotherapy, cycles of treatments, and

clinical responses. We should further explore CTL function

in vitro to analyze lymphocyte function based on exposure

Table 5 Plasma levels of cytokines in metastatic breast cancer

patients and healthy controls

Cytokines Groups N Plasma concentration (pg/ml) P value

IL-2 Health 42 11.96 ± 5.32

Patients 89 4.50 ± 0.34 0.169

IFN-c Health 42 50.53 ± 13.07

Patients 89 32.19 ± 6.04 0.208

IL-10 Health 41 11.55 ± 2.53

Patients 89 30.26 ± 7.10 0.015

IL-6 Health 42 3.20 ± 0.41

Patients 89 7.07 ± 1.13 0.002

IL-4 Health 42 3.46 ± 0.32

Patients 92 3.36 ± 0.30 0.842

TGF-b 1 Health 42 51.61 ± 8.17

Patients 89 39.08 ± 11.21 0.478

Data were presented as mean values ± standard deviation

IL interleukin, TGF transforming growth factor, IFN interferon
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to therapeutic interventions, which might give rise to

alterations of different cytokines.

In conclusion, the present study suggests that MBC

female patients have impaired immunity, and CD8?CD28-

lymphocytes are a significant predicator for PFS. Thus,

identification of the mechanism of immunosuppression and

the molecules involved in blocking the differentiation and

generation of CD8?CD28- lymphocytes may lead to the

development of CD8?CD28- lymphocyte subset–targeted

immunomodulatory interventions, which may represent an

effective treatment strategy for patients with MBC.
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