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INTRODUCTION 

Although anti-cancer chemotherapy is effective, breast 

cancer recurrence may occur due to several cellular and 

molecular escape mechanisms.
[1]

 Some of these 

mechanisms include emergence of immunosuppressive 

cells, including immunouppressive cells from myeloid 

lineage mainly myeloid-derived suppressor cells 

(MDSC) and from the lymphoid lineage mainly 

regulatory T (Treg) cells.
[2]

 These cells have been found 

to effectively suppress both the innate and adaptive 

immune responses against several types of cancer.
[3]

 

With this regard, we have reported high numbers of 

MDSC in acute lymphoblastic leukemia (ALL).
[4]

,  

hepatitis C virus HCV.
[5]

 HCC.
[6]

 Using both microaraay 

analysis and bioinformatics, we have recently reported 

that MDSC and Treg cells share common microRNA in 

ALL patients.
[7]

  

 

Under certain conditions, such as cancer and severe 

injury, an expansion of immature and mature neutrophils 

has been observed to induce suppression of T‐cell 

prolifera- tion. These suppressing cells are known as 

so‐called myeloid‐derived suppressor cells (MDSCs) 
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Under certain conditions, such as cancer and severe 

injury, an expansion of immature and mature neutrophils 

has been observed to induce suppression of T‐cell 

prolifera- tion. These suppressing cells are known as 

so‐called myeloid‐derived suppressor. 

 

Under certain conditions, such as cancer and severe 

injury, an expantion of immature and mature neutrophils 

has been observed to induce suppression of T-cell 

proliferation. These suppressing cells are known as so-

called myeloid derived suppressor cells (MDSCs).
[8]

 

Human MDSCs are characterized as CD45
+
CD33

+ 

CD13
+
CD14

−
CD15

−
cells.

[9]
 CD11b

low
CD16

−
 cells.

[10]
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ABSTRACT 
Background: Breast cancer escapes from anti-tumor immunity through several mechanisms, including emergence 

of immunosuppressive cellular mechanism such as myeloid-derived suppressor cells (MDSCs) which analyzed by 

flow cytometry. MDSCs have been found to include two subpopulations, the monocytic one which is more 

suppressive than the granulocytic one. Aim: the aim of this prospective study was to delineate the role of 

monocytic myeloid derived suppressor cells (Mo-MDSCs) and granulocytic myeloid derived suppressor cells (Gr-

MDSCs) in patients with metastatic breast cancer (MBC) Subjects and Methods: This study included sixteen 

metastatic breast cancer in patients before and after chemotherapy and five healthy control volunteers. Flow 

cytometry was used to analyze the numbers and phenotypes of MDSCs (CD33
+
,CD11b

+
,CD14

+
andHLAD-R). 

Results: We found Significant increases in the relative and the absolute numbers of MDSCs after chemotherapy in 

the peripheral blood of metastatic breast cancer (patients than in the control group; (9.3 ± 2.03 vs.  1.2± 0.08, P < 

0.003). Interestingly, the number of monocytic MDSC was higher than those of granulocytic MDSC;(6.7±0.5 vs 

3.03±0.7). Conclusion: These data shed a light on one of the extrinsic cellular mechanism (MDSC) in metastatic 

breast cancer patients which might explain the escaping mechanism. 

 

KEYWORDS: Breast cancer; Metastatic; Myeloid derived suppressive cells; Monocytic MDSC; Patients. 
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MDSCs have been detected in patients with solid tumors, 

including breast cancer, where it was found that their 

numbers directly correlate with the clinical cancer stage 

and metastatic burden.
[11]

 These cells are known to 

inhibit natural killer (NK) cell mediating antitumor 

responses.
[12]

 In patient with breast cancer MDSCs are 

associated with stage and poor prognosis.
[13]

 MDSCs 

contribute to suppress the adaptive immune response and 

also regulate innate immune response by altering the 

cytokine secretion of macrophages,which facilitate tumor 

growth and metastasis.
[14]

  

 

Further, higher frequency of MDSC has been suggested 

to correlate with increased rate of recurrence and 

metastasis of breast cancer. Before initiation of therapy, 

after every other cycle of therapy.
[10,15]

   

 

MDSCs utilize a variety of cellular and molecular 

mechanisms to suppress T cell activation, inducing other 

immune-suppressive cell populations that promote the 

switching of the immune system to one that tolerates and 

enhances tumor growth through production of 

suppressive factors such as arginase 1, nitric oxide and 

reactive oxygen and reactive nitrogen species.
[16]

 along 

with modulating the production of various cytokines. 

Together, these mediators result in overall suppression of 

anti-tumor immunity.
[17]

  

 

MATERIALS AND METHODS 

2.1. Materials 

This study was performed using fresh whole blood 

samples withdrawn from adult healthy donors (n=5) with 

age ranged from 30-35 and breast cancer patients (n=16) 

with age ranged from 35-40. Blood subjects were 

collected from patients before (n=6) and after (n=10) 

chemotherapy. The inclusion criteria for recruitment of 

the  patients included as stage III-IV (n=16) positive for 

estrogen or progesterone (ER
+
/ PR

+
) and negative for 

human epidermal growth factor receptor 2 (HER2). 

Patients were recruited from those who were admitted to 

Department of Oncology, Faculty of Medicine, and 

Tanta University, Egypt. All patients are given informed 

consent under a protocol approved by the Faculty of 

Medicine Ethical Committee Review Board, Tanta 

University. Patients were diagnosed according to world 

health organization (WHO) criteria based on TNM 

classification. Classification of subjects was performed 

after the detection of inclusion criteria and exclusion 

criteria before and after induction of chemotherapy. 

2.1.1. Blood sampling 
Five ml sample of whole venous peripheral blood were 

collected from healthy donore as well as from breast 

cancer patients, before and after chemotherapy, under 

complete aseptic conditions using sterile EDTA 

vacationers. About 200 μL of this blood sample were 

used for detection of MDSCs and CTCs population in the 

whole peripheral blood. 

 

2.2. Flow cytometric analysis 
Briefly, 200 μL sample of the blood collected above was 

stained with anti-human mAbs using the concentrations 

recommended by the manufacturers for each mAb. The 

stained cells were incubated in cold dark conditions for 

20 minutes and then BD FACS lysing solution (×1) was 

added for 15 min for red blood cell (RBC) lysis. Samples 

were centrifuged at 1250 rpm for 5 minutes and the 

supernatant was discarded to remove the lysed RBCs. 

The cells were then washed twice using PBS to remove 

any remained debris or RBCs, the pellets then 

re-suspended in PBS. Negative stained samples were 

used as internal controls in all experiments. FACS Canto 

II (BD Biosciences, San Jose, CA, USA) were used for 

acquisition and FlowJo software were used for data 

analysis.  

 

2.2.1. Calculation of the absolute cell count 

The total white blood cells (WBCs) count in the 

peripheral blood was enumerated using an automated 

instrument for complete blood count (ABX Micros 60 

hematology analyzer, Horiba medical, USA). 

Accordingly, the absolute numbers of MDSCs and CTCs 

cells were calculated, respectively, as: (Total WBCs 

count ([cells/μL] × CTCs, MDSCs %) /100. 

 

2.2.2. Statistical analysis 
Statistical analysis was conducted using mean, standard 

error, and student t-test. 

 

RESULTS 
Neither the total numbers of WBCs nor the relative 

numbers of neutrophils, lymphocytes, monocytes, 

eosinophis or basophils did not change in the blood 

drawn from patients before chemotherapy as coparted to 

control subjects. However, the blood drawn from patients 

after chemotherapy showed higher numbers of 

neutrophils and monocytes and lower numbers of 

lymphocytes.  

 

Table (1): The absolute of neutrophils, monocytes and lymphocytes before and after induction of chemotherapy 

of B.C. patients compared to healthy individuals. 

Subjects Control Before chemotherapy After  chemotherapy 

Neutrophils 3197 ± 398 3079 ± 600 3773 ± 588 

Monocyts 245 ± 15 320 ± 28 428 ± 47 

Lymphocytes 1760 ± 180 1843 ± 90 1228 ± 130 
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Increases in the numbers of MDSC cells in the 

peripheral blood of metastatic breast cancer patients 
As shown in Figures 1, analysis of the percentages of 

MDSC in the peripheral blood showed significant 

increases in the numbers of these cells in patients before 

induction of chemotherapy as compared to healthy 

donors; (20.7 ± 18.01.4vs.  1.2± 0.08, P < 0.003). The 

absolute numbers of MDSC cells also showed significant 

increases before chemotherapy as compared to healthy 

donors (431.06 ± 331.03 vs.  79.5±79.55, P < 0.04). As 

compared to before chemotherapy, the relative (20.7 ± 

18.01.4 vs9.3 ± 2.03) and absolute (431.06 ± 331.03, P < 

0.47 vs 282.2 ± 180.2) numbers of MDSC decreased 

after induction of chemotherapy but with higher level. 

The levels of MDSC in patients after chemotherapy, 

however, is still higher than those in the control subjects. 

 

By analyzing the numbers of monocytic and granulocytic 

MDSC (Figure 2A-C), we found that both the relative 

and absolute numbers of monocytic subset of MDSC in 

patients before chemotherapy as well as after 

chemotherapy are higher than those of the granulocytic 

subset. Of interest, however, the number of both cells 

were much lower after chemotherapy as compared to 

before chemotherapy. 

 

 
Fig. (1): A representative flow cytometric analysis of MDSC in breast cancer patients. (A) Shows the gating 

strategy of monocytic (Mo MDSC) and granulocytic (Gr-MDSC) MDSC cells in the peripheral blood. (B) 

Representative analysis of blood samples; upper panel shows percentage of MDSC cells in five healthy donors; 

mid panel shows five patients before induction of chemotherapy; and lower panel shows five patients after 

induction of chemotherapy.  

 

 
Fig. (2): Statistical analysis of the relative and absolute numbers of MDC in the metastatic breast cancer patients 

and control subjects. The percentage (A) and absolute (B) numbers of MDSC in the peripheral blood of breast 

cancer patients before and after induction of chemotherapy as compared to control (CTRL) sujects. The 

absolute numbers of MDSC cells were calculated as: (Total white blood cells count [cells/μL] × percent of 

MDSC)/100. 
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Fig. (3): Statistical analysis of the numbers of granulocytic and monocytic subsets of MDSC in control and 

patients. The percentage (A) and absolute (B) numbers of total, granulocytic (Gr-MDSC) and monocytic MDSC 

(MO-MDSC) are shown before and after chemotherapy as compared to control subjects. The absolute numbers 

of MDSC cells were calculated as: (Total white blood cells [cells/μL] × MDSC %) /100. 

 

DISCUSSION 

In this pilot study, the immunophenotypic analysis was 

performed on the peripheral blood of metastatic breast 

cancer patients in order to assess the numbers of MDSCs 

in metastatic breast cancer patients. We also investigated 

the impact of chemotherapy on these cells and 

determined the correlation between these two cell 

populations before and after the induction phase of 

chemotherapy. The analysis showed that there is a direct 

correlation between the numbers of these two subtypes 

of MDSCs cells in healthy control volunteers when 

compared before and after induction of chemotherapy.  

 

We detected circulating MDSC in the peripheral blood of 

our metastatic breast cancer patients as lin
-
HLA

-
DR

-

CD33
+
CD11b

+
. This phenotype is consistent with those 

used by previous studies.
[18]

 which analyzed the 

phenotype of MDSCs in cancer patients in general and in 

breast cancer patients in particular.
[18,19]

 Interestingly, 

this expansion of MDSCs has been found to be 

correlated with the disease stage and severity.
[15]

 Our 

findings are also consistent with previous studies.
[18]

 

which showed increases in MDSCs in breast cancer 

patients after induction of chemotherapy as compared to 

before chemotherapy.  MDSCs have been detected in 

patients with solid tumors, including breast cancer, 

where it was found that their numbers directly correlate 

with the clinical cancer stage and metastatic burden.
[18]

  

 

Our findings are also consistent with.
[20]

 who showed 

that increases in the circulating MDSCs  in breast cancer 

patients treated with doxorubicin and cyclophosphamide.  

 

In breast cancer, MDSCs are recruited mainly by breast 

cancer cells to form a tumor favoring microenvironment 

to suppress the anti-tumor immune response, where 

higher frequency of MDSC has been suggested to 

correlate with increased rate of recurrence and metastasis 

of breast cancer.
[10,15]

 These cells have been found to 

effectively suppress the innate and adaptive immune 

responses against several types of cancer.
[21]

 MDSCs 

utilize a variety of mechanisms to suppress T cell 

activation. These mechanisms include inducing other 

immune-suppressive cell populations that promote the 

switching of the immune system to one that tolerates and 

enhances tumor growth through production of 

suppressive factors such as cytokines (e.g. TGF-b and 

IL-10) arginase 1, nitric oxide and reactive oxygen and 

reactive nitrogen species.
[16]

 MDSC also produce 

Together, these mediators result in the overall 

suppression of anti-tumor immunity.  

 

CONCLUSION 

The result of this study revealed that correlation between 

MDSCs and metastatic breast cancer patients. Our 

findings suggest the use of MDSCs as a useful cellular 

markers for determining prognosis of breast cancer 

patients. 
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