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Abstract. Recent studies have identified myeloid-derived 
suppressor cells (MDSCs) that are potent suppressors of tumor 
immunity and therefore a significant impediment to cancer 
immunotherapy. It has been reported that MDSCs are gener-
ated by malignant diseases or inflammation. However, no 
systematic studies in patients have been described. In order 
to clinically characterize MDSCs, we tested PBMCs from 
patients with various types of cancer including cholangiocel-
lular, hepatocellular and pancreatic carcinoma, esophageal, 
gastric and colorectal cancer, breast cancer and thyroid 
cancer, and GIST, and those from normal volunteers using 
flow cytometry analysis. A significant increase was seen in 
the percentages of MDSCs in PBMCs from patients compared 
with normal volunteers. Among these patients, MDSC level 
was higher in patients with cancer of the digestive system 
and patients with breast cancer compared with normal volun-
teers. MDSC level was significantly and inversely correlated 
to stimulation indices (SI) of PHA-blastogenesis of lympho-
cytes and serum concentration of total protein, and positively 
correlated to neutrophil count. MDSC percentage in patients 
with gastric and colorectal cancer was also significantly 
correlated to neutrophil count and inversely correlated with 
lymphocyte count, and showed highly significant correla-
tion to neutrophil/lymphocyte rate (NLR). In patients with 
breast cancer, MDSC levels in preoperative patients was 
significantly increased compared to normal volunteers and 
significantly decreased in postoperative patients. Thus, it 

is clear that MDSCs are increased in patients with cancer 
and closely related to suppression of cell-mediated immune 
responses. These data also suggest that they are related to 
chronic inflammation and that their levels are increased further 
in the terminal stages of patients whose nutritional status is 
impaired as observed in hypoproteinemia. MDSC levels have 
also been shown to decrease after removal of tumors in patients 
with breast cancer.

Introduction

Many cancer immunotherapies developed in experimental 
animals have been tested in clinical trials. Although some have 
shown modest clinical effects, most have not been effective 
(1,2). Recent studies have identified myeloid-origin cells that are 
potent suppressors of tumor immunity and therefore a significant 
impediment to cancer immunotherapy. Suppressive myeloid cells 
were described three decades ago in patients with cancer (3,4), 
but their functional importance in the immune system has only 
recently been appreciated (5-8). Indeed, accumulating evidence 
has now shown that a population of cells with suppressive 
activity [known as myeloid-derived suppressor cells (MDSCs)] 
contributes to the negative regulation of immune responses 
during cancer and other diseases.

MDSCs have been identified in most patients and experi-
mental mice with tumors based upon their ability to suppress T 
cell activation. In mice, MDSCs are uniformly characterized by 
the expression of the cell surface molecule detected by antibodies 
to Gr1 and CD11b (9). The variation in MDSC phenotype is 
consistence with the concept that MDSCs are a diverse family of 
cells that are in various intermediate stages of myeloid cell differ-
entiation (9). In humans, MDSCs are most commonly defined 
as CD14-CD11b+ cells or, more narrowly, as cells that express 
the common myeloid marker CD33 but lack the expression of 
markers of mature myeloid and lymphoid cells, and of the MHC 
class II molecule HLA-DR. In this study, CD11b+CD14-CD33+ 
cells were analysed as MDSC (10). An accumulation of MDSCs 
was associated with the decreased number of dendritic cells in 
the peripheral blood of patients with several types of cancer. 
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Pathophysiology of MDSC in patients has not been clarified well 
in contrast to studies in mice.

Tumor development and growth occurs as a result of interac-
tions between the tumor and host immune/inflammatory cells 
with chronic inflammation having an important role in cancer 
development and progression (11). Many laboratory markers 
of systemic inflammatory response, which is closely related to 
patient's nutritional status, including neutrophil/lymphocyte ratio 
(NLR) have been investigated as prognostic markers with best 
evidence for their use demonstrated in surgical patients.

In this report, we show the status of MDSCs in normal 
volunteers and patients with various types of cancer, and the 
correlation to laboratory data were analysed.

Materials and methods

Samples. Blood samples were taken from 53 patients with 
various types of cancer and 18 normal volunteers with similar 
age and gender distributions. The patients who received treat-
ment including surgery, chemotherapy, palliative care and 
follow-up in the Department of Organ-Regulatory Surgery in 
Fukushima Medical University from January to June, 2011, 
45-89 years of age with histologically confirmed cancer were 
enrolled in the study. Of these 53 patients, 29 had breast cancer, 
and 21 had cancer of the digestive system including 10 with 
colorectal, 6 with gastric, 1 with esophageal and 1 with pancre-
atic cancer, 1 with cholangiocarcinoma, 1 with hepatocellular 
carcinoma and 1 with GIST, and 3 had thyroid cancer (Table I). 

The patients were newly diagnosed as advanced diseases and 
blood samples were taken before the treatments including 
surgery and chemotherapy except patients with breast cancer. 
Peripheral blood mononuclear cells (PBMC) were separated on 
Ficoll-Hypaque (Pharmacia-Biotech, Uppsala, Sweden). The 
isolated PBMC were washed twice with RPMI-1640 (Wako 
Pure Chemical Industries Ltd., Osaka, Japan) and were kept 
frozen at -80˚C until use in freezing media (BLC-1, Juji-Field 
Co. Ltd., Tokyo, Japan). This study was approved by the ethics 
committee of Fukushima Medical University (2010-204) and 
written informed consent was obtained from the patients and 
normal donors who entered in this study.

Flow cytometry. Cells were labeled for immunofluorescence 
and analyzed by flow cytometry for cell surface. Cells were 
labeled with fluorescent isothiocyanate (FITC), phycoerythrin 
(PE), Phycoerythrin Cyanin 5.1 (PC5). Antibodies were used at 
10, 10 and 50 µg/ml were diluted each in PBS. The cells were 
incubated with the antibodies for 20 min at 4˚C and washed 
with PBS. These included FITC-conjugated CD14 (Abcam 
Cambridge, UK), PE-conjugated CD11b (Beckman Coulter, 
Marseille, France), PC5-conjugated CD33 (Beckman Coulter). 
Data acquisition and analysis were performed on a FACSAriaII 
flow cytometer (BD Bioscience, Mountain View, CA, Fig. 1) 
using FlowJo software (Tree Star Inc. Ashland, OR).

Proliferation assay. Lymphocyte proliferation assay were carried 
out with using PBMC suspended in RPMI-1640 (Wako Pure 

Figure 1. Immunophenotyping of MDSCs by flow cytometry. Cells were labeled with fluorescent isothiocyanate (FITC), phycoerythrin (PE), and Phycoerythrin 
Cyanin 5.1 (PC5). The cells were incubated with the antibodies for 20 min at 4˚C and washed with PBS. These included FITC-conjugated CD14, PE-conjugated 
CD11b, and PC5-conjugated CD33. (A) Healthy volunteer; (B) a patient with breast cancer; (C) a patient with gastric cancer.
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Chemical Industries, Osaka, Japan) and 10% fetal calf serum 
(Sigma, St. Louis, MO). Phytohemmaglutinin (PHA) mitogen-
esis was observed for 80 h at 10 µg/ml of PHA into PBMC. The 
cultures were undertaken at 37˚C in a 5% CO2 atmosphere with 
the addition of 3H-thymidine (Japan Radioisotope Association, 
Tokyo, Japan) for the last 8 h of incubation. Cells were harvested 
and 3H-thymidine incorporation was counted using a liquid 
scintillation counter (Perkin-Elmer Inc., Waltham, MA) and 
expressed as count per minute (cpm). Stimulation index (SI) was 
obtained by calculating total CPM/control cpm in which PHA 
was not added to PBMC.

Statistical analysis. Differences between the groups were deter-
mined by Student's t-test. Relationships between two variables 
were quantified by Spearman's rank correlation coefficient. 
Significance was assumed at p<0.05.

Results and Discussion

We have tested PBMCs from 53 patients with various types 
of cancer and GIST, and those from 18 normal volunteers. A 
highly significant increase was seen in percentages of MDSC in 

PBMCs from patients (4.04±0.624%, p<0.005, Fig. 2) compared 
with normal volunteers (1.96±0.37%). Among these patients, 
MDSC (%) was higher in 21 patients with cancer of diges-
tive system including hepatocellular, cholangiocellular and 
pancreatic carcinoma, and esophageal, gastric and colorectal 
cancer, and GIST (4.70±0.99, p<0.05, Fig. 3) and in 29 
patients with breast cancer (3.90±4.91, p<0.05) compared 
with normal volunteers. MDSC was 2.69±0.51% in 3 patients 
with thyroid carcinoma. These data of patients was analysed 
in correlation to clinical laboratory data and, MDSC (%) 
was significantly inversely correlated to stimulation indices 
of PHA-blastogenesis of lymphocytes (p<0.05, r=-0.271, 
Fig. 4A) and serum concentration of total protein (p<0.005, 
r=-0.490, Fig. 4B), and positively correlated to neutrophil 
count (p<0.005, r=0.358, Fig. 4C). MDSC (%) in detailed 
digestive system diseases is shown in Fig. 5 and those of 
6 patients with gastric cancer and of 10 with colorectal 
cancer were higher (p<0.01 and <0.05, respectively) than in 
normal volunteers. MDSC (%) in 16 patients with gastric and 
colorectal cancer was also significantly correlated to neutro-
phil count (p<0.01, r=0.477, Fig. 6A) and inversely with 
lymphocyte count (p<0.05, r=-0.341, Fig. 6B), and showed 
highly significant correlation to neutrophil/lymphocyte rate 
(p<0.001, r=0.633, Fig. 6C). Of the 29 patients with breast 
cancer, 6 were preoperative and 11 postoperative, MDSC 
(%) in preoperative patients was significantly increased 
compared to normal volunteers (p<0.005) and it is signifi-
cantly decreased in postoperative patients (p<0.05, Fig. 7) 
compared to preoperative patients with breast cancer.

The evidence presented in this study shows that percentage 
of MDSCs in peripheral circulating blood increased in various 
types of cancer. These percentages inversely correlated to 
stimulation indices of PHA-blastogenesis, lymphocyte count 
and serum levels of total protein, and positively to neutrophil 
count and neutrophil/lymphocyte ratios. Increase of neutro-

Table I. Patients.

Normal volunteers	 18

Cancer	 53
	 Digestive system (n=21)
		  Cholangiocellular carcinoma	 1
		  Hepatocellular carcinoma	 1
		  Pancreatic	 1	
		  Esophageal	 1
		  Gastric	 6
		  Colorectal	 10
		  GIST	 1
	 Breast	 29
	 Thyroid	 3

Total	 71

Figure 2. Percentages of circulating MDSC in patients with cancer and in 
normal volunteers. Percentages of circulating MDSC are shown. Those of 
55 patients with cancer was significantly higher than those of 11 normal 
volunteers (4.09±0.62 vs 1.96±0.37%, p<0.01).

Figure 3. Percentages of circulating MDSCs in patients with cancer and in 
normal volunteers. Percentages of circulating MDSCs in normal vol-
unteers (n=18, 1.96±037%), cancer with digestive system cancer (n=23, 
4.70±.99%), with breast cancer (n=29, 3.90±4.91%) and with thyroid cancer 
(n=3, 2.69±0.51%) are shown. Those with digestive cancer and with breast 
cancer were significantly higher than normal volunteers (p<0.05 and <0.05, 
respectively).
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phil and decrease of lymphocyte are sometimes seen in far 
advanced patients with malignant diseases in the clinic and 
the ratios neutrophil/lymphocyte has been used as one of 
the easiest and effective markers of chronic inflammation 
and its related immunosuppression in these patients. Thus it 
is clear that MDSCs are increased in patients with cancer 
and closely related to suppression of cell-mediated immune 

responses. These data also suggested that it is increased further 
in the terminal stages of the patients whose nutritional status is 
impaired as seen in hypoproteinemia. 

In patients with breast cancer, MDSCs (%) decreased in 
postoperative condition compared to preoperative patients. 
MDSCs have been reported to decrease after several kinds of 
chemotherapy including gemcitabine, 5-FU plus cisplatin (8). On 
the other hand, it increased by doxorubicin-cyclophosphamide 
(7) and this may be the results of influence by certain chemo-
therapeutic agent that induce inflammatory responses. Since 
some of the postoperative patients received chemotherapy 
prior to surgery, there may be a possibililty that the decrease 
of MDSCs seen after the resection of the breast tumor 
might be a result influenced by chemotherapy. But it seems 
mainly to be the systemic effect by removal of the tumor 
since chemotherapy was done approximately 6 weeks prior 
to the surgery. It is important now to make a further evalu-
ation of the individual effect of chemotherapy or removal of 
the tumor on changes of MDSCs separately with increased 
number of patients. If chemotherapy successfully decrease 
MDSCs, it would be the strong tool as an adjuvant therapy 
for antigen-specific cancer immunotherapy. The mechanisms 
of tumor-induced T cell anergy in patients remains incom-
pletely understood. MDSCs found in the spleen of mice with 
colon cancer block T cell function through nitric oxide and 
arginase production, requiring cell-cell contact (3). Recently 
the focus has been on highly suppressive myeloid cells 
infiltrating mouse lung carcinomas, which had high arginase 
activity and rapidly depleted arginine, blocking T cell prolif-
eration, cytokine production, and CD3ζ chain expression (4). 
The exact mechanism of increased production of immature 
myeloid cells in cancer patients is not clear yet. However, 
it is known that tumor cells may produce several growth 
factors and cytokines able to stimulate myelopoiesis (12,13). 
In addition, vascular endothelial growth factor produced by 
many tumors is able to affect myelopoiesis (14). It is possible 
that increased production of these growth factors may affect 
the normal pathway of cell differentiation resulting in the 

Figure 4. Correlations of circulating MDSC with PHA blastogenesis of lymphocytes (A), serum levels of total protein (B) and neutrophil counts (C). Percentages 
of circulating MDSC in 55 patients with cancer are shown. Those significantly correlated to neutrophil counts (p<0.005, r=0.358) and, inversely did to stimulation 
indices of PHA blastogenesis (p<0.05, r=-0.271) and serum concentrations of total protein (p<0.005, r=-0.490).

Figure 5. Percentage of circulating MDSCs in patients with cancer of the 
digestive system and normal volunteers. Percentage of circulating MDSCs 
in patients with esophageal, gastric and colorectal cancer, and cholangiocel-
lular, hepatocellular and pancreatic carcinoma and GIST are shown. Those 
with gastric cancer were significantly higher than in normal volunteers (n=6, 
p<0.01) and those with breast cancer were also higher than in normal volun-
teers (n=29, p<0.05). CCC, cholangiocellular carcinoma; HCC, hepatocellular 
carcinoma; GIST, gastrointestinal stromal cell tumor.
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accumulation of immature myeloid cells. Systemic chronic 
inflammation has been reported to play a role in developing 
and growth of tumor and importantly in suppression of tumor 
immunity (11,15,16). NLR have been reported to be one of the 
best markers for that and also a good prognostic marker, and to 
be high in patients with hypoalbuminemia (17,18). In our previous 
studies, the results showed that a suppression of cell-mediated 
immune reactions was closely related to the nutritional status, 
and that it seems to play a role in developing cancer cachexia 
(19-21).

In conclusion, it was shown that MDSC correlated to nutri-
tional impairment and it may be involved in an immunological 

mechanism to induce cancer cachexia. It is hoped that we can 
control immune suppression and chronic inflammation through 
modulating MDSCs by a selective inhibition by molecular 
targeting or decreasing with chemotherapy in the near future.
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