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IL4R�
� Myeloid-Derived Suppressor Cell Expansion in

Cancer Patients1

Susanna Mandruzzato,*† Samantha Solito,* Erika Falisi,* Samuela Francescato,2*

Vanna Chiarion-Sileni,† Simone Mocellin,‡ Antonio Zanon,‡ Carlo R. Rossi,‡ Donato Nitti,‡

Vincenzo Bronte,3† and Paola Zanovello*†

Myeloid-derived suppressor cells (MDSC) contribute to immune dysfunctions induced by tumors both in experimental models and

patients. In mice, MDSC are phenotypically heterogeneous cells that vary in their surface markers, likely depending on soluble

factors produced by different tumors. We recently described a subset of inflammatory monocytes with immunosuppressive prop-

erties that can be found within the tumor mass, blood, and lymphoid organs of tumor-bearing mice. These cells expressed the

�-chain of the receptor for IL-4 (IL4R�) that was critical for their negative activity on CD8� T cells. In cancer patients, the nature

of MDSC is still poorly defined because evidence exists for both monocytic and granulocytic features. We show in this study that

myeloid cells with immunosuppressive properties accumulate both in mononuclear and polymorphonuclear fractions of circulat-

ing blood leukocytes of patients with colon cancer and melanoma, thus unveiling a generalized alteration in the homeostasis of the

myeloid compartment. Similarly to mouse MDSC, IL4R� is up-regulated in both myeloid populations but its presence correlates

with an immunosuppressive phenotype only when mononuclear cells, but not granulocytes, of tumor-bearing patients are con-

sidered. The Journal of Immunology, 2009, 182: 6562–6568.

T
he existence and relevance of an immune response against

tumor cells have been discussed for many years. It is now

clear that the immune system can react and sometimes

plays an important role in tumor control, both in animal models

and patients. The basis of this response lays in the existence of

tumor-associated Ags (TAA)4 and their ability to elicit an Ag-

specific response. The molecular identification of TAA has opened

new possibilities for the development of effective immunotherapy

of cancer. In recent years a large number of clinical studies were

undertaken, but so far they have shown a limited impact in terms

of clinical benefit (1).

Reasons for these disappointing clinical results are multifacto-

rial and still largely unknown, but some mechanisms responsible

for the lack of response in cancer patients are emerging. Among

them, active suppression of the immune response has been con-

firmed by several preclinical and clinical studies (2). Myeloid-

derived suppressor cells (MDSC) represent a phenotypically het-

erogeneous population of myeloid cells at different stages of

maturation found in tumor-bearing mice and in cancer patients that

very efficiently suppress T cell function (3). Most likely, the het-

erogeneity reflects the plasticity and versatility of the myeloid pre-

cursors in response to signals received from the tumor microenvi-

ronment. It is known, in fact, that a growing tumor stimulates

myelopoiesis and affects cell differentiation through the production

of growth factors and cytokines (3).

The characterization of human MDSC has been attempted in

recent years with conflicting results. Earlier reports indicated that

human suppressor cells were present as a heterogeneous popula-

tion containing immature monocyte/dendritic cells, and cells en-

compassing earlier myeloid differentiation stages in the peripheral

blood of patients with squamous cell carcinoma of the head and

neck, breast cancer, and nonsmall cell lung cancer (4). Subse-

quently, the existence of suppressor myeloid cells containing the

arginine-metabolizing enzyme arginase (ARG) was reported in re-

nal cell carcinoma patients and the increased ARG activity was

shown to be limited to a specific subset of cells with polymorpho-

nuclear morphology and surface markers (5). Of interest, ARG1

isoenzyme is constitutively expressed in human granulocytes and

its activation results in suppression of T cell proliferation and cy-

tokine synthesis (6, 7).

In partial disagreement with previous observations, MDSC were

recently identified as a subset of CD14� HLA-DR�/low cells in

PBMC of metastatic melanoma and hepatocellular carcinoma pa-

tients (8, 9) that could be expanded in blood after administration of

GM-CSF-based vaccines (8), and be responsible for the induction

of a population of T regulatory lymphocytes (9).

Overall, although there is evidence for the presence of MDSC in

different human cancers, their precise characterization is still elu-

sive. One basic aspect, which needs to be clarified, is whether

human MDSC should be searched among cells carrying markers,

morphology, and physical properties of either monocytes or

granulocytes.
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In the present study, we evaluated the phenotype and the sup-

pressive activity of leukocyte subsets freshly isolated from the

blood of melanoma and colon cancer patients. Our results indicate

that cells with characteristics of MDSC can be found in both

mononuclear and polymorphonuclear fraction, and that a useful

marker for their identification is the �-chain of IL4R.

Materials and Methods
Sample cohorts

After obtaining informed consent, fresh blood and biopsy samples from
untreated patients were collected during surgery from melanoma metasta-
ses (Stage III–IV; n � 14) and colon carcinomas, with or without liver
involvement (Stage II–IV; n � 15), and immediately analyzed. Blood sam-
ples were also obtained from healthy volunteers (n � 20). Frozen PBMC
from four melanoma patients (Stage IV) were also used for flow cytometry
analysis and proliferation assay.

Cell subset separation and proliferation assay

PBMC and polymorphonuclear cells (PMN) were isolated from the pe-
ripheral blood of healthy donors and cancer patients by density centrifu-
gation followed by dextran sedimentation and lysis of contaminating RBC.
In brief, blood was collected in EDTA-treated tubes, diluted 1/2 with RPMI
1640 medium, and carefully layered onto a density gradient Ficoll-Paque
(GE Healthcare). After centrifugation, the bands of PBMC and PMN were
aspirated; PBMC were washed three times with ice-cold PBS containing
1% of human serum, while the neutrophilic/RBC pellet was mixed with
dextran 1% and incubated in upright position for 20 min at room temper-
ature. The upper leukocyte-rich and RBC-poor layer was aspirated; to re-
move residual RBC, cells were subjected to hypotonic lysis by resuspend-
ing neutrophil/RBC pellet in 3 ml 0.2% NaCl for 2 min and by adding 7 ml
1.2% NaCl to restore isotonicity.

Cell purity was checked by FACS analysis on forward scatter/side pa-
rameters, and viability by Trypan blue dye exclusion. PMN yielded purity
and viability of �95%. CD14� cells were immunosorted from PBMC with
CD14 microbeads (Miltenyi Biotec). A postsort cytofluorimetric analysis
was performed to confirm purity of each population.

The allogeneic MLR was performed with a total of 7.5 � 104 PBMC
from a healthy donor (responder cells) and combined with 7.5 � 104 gam-
ma-irradiated (3,000 rads) cells from either PBMC, PMN, CD14�, or
CD14� sorted cells from healthy volunteer or cancer patients (stimulator
cells), and plated into a 96-well round-bottom tissue culture plate (BD
Biosciences). To determine the potential immunosuppressive activity of
PMN, different numbers of gamma-irradiated PMN were added as third
part to an allogeneic MLR in which PBMC stimulators were autologous
to added PMNs. The MLR was incubated at 37°C and 5% CO2 for 6
days in arginine-Free-RPMI (Biological Industries), supplemented with
150 �M arginine and further supplemented with 10% FCS, penicillin/
streptomycin, and HEPES. All cultures were labeled with 1 �Ci/well of
3[H]-TdR (PerkinElmer) for the final 20 h of the incubation period and
were harvested on a 96-well plate harvester (PerkinElmer). Incorpo-
rated radioactivity was measured in a beta scintillation counter (Top
Count, PerkinElmer).

T cell proliferation was also measured by changes in fluorescence intensity
using CFSE (Invitrogen, Molecular Probes). Thawed PBMC were resus-
pended in PBS 0.1% FBS at 2 � 107 cells/ml and incubated with CFSE at a
final concentration of 0.5 �M for 10 min at room temperature on a shaker.
Cells were washed twice and after the last wash step, PBMC were resuspended
in culture medium. CFSE-labeled PBMC were depleted of CD14� cells with
CD14 Microbeads. Responder cells (CFSE-labeled CD14� cells) were cul-
tured alone or in the presence of gamma-irradiated CD14� cells in 96-well
flat-bottom plates previously coated with 1 �M CD3-specific Ab OKT3. After
4 days, cells were harvested, stained with CD3-allophycocyanin (Immuno-
tools, Germany) and CFSE signal of gated lymphocytes was analyzed by flow
cytometry. The extent of cell proliferation was quantified by ModFit LT soft-
ware V3.0 provided by Verity Software House.

Flow cytometry

The following mAbs were used: CD14-PE and CD-15-FITC (BD Bio-
sciences); CD14-APC, (BioLegend); IL4R�-PE (CD124) and isotype con-
trol by R&D Systems. Data acquisition was performed using FACScalibur
flow cytometer (BD Biosciences) and analyzed using CellQuest (BD Bio-
sciences) and FlowJo (Tree Star).

Statistical analysis

Exact one-sided Mann-Whitney U test was used to compare the percentage of
CD14 or CD15 positive cells among groups of healthy donors vs colon cancer
or melanoma patients, the stimulation index of CD14� cells in healthy donors
vs cancer patients, and the percentage of inhibition by PMN in MLRs set-up
with stimulating PBMC from healthy donors or cancer patients.

Pearson correlation was used to measure the correlation between
IL4R�

�/CD14� cells or IL4R�
�/CD15� cells and stimulation index ratio

or percentage of inhibition, respectively. Results were considered statisti-
cally significant with p � 0.05.

All the statistical analyses were performed using SPSS software ver. 14
(http://www.spss.com).

Results
Suppression of T cell activation by different leukocyte subsets

isolated from cancer patients

In recent years a number of reports have suggested the presence of

human MDSC in the blood of cancer patients, indicating MDSC

FIGURE 1. Immunosuppressive activity of leukocyte fractions isolated

from cancer patients or healthy donors. A, Fold increase in proliferation of

responder PBMC of an healthy donor stimulated with gamma-irradiated

PBMC (fold increase � 1), or with gamma-irradiated PBMC depleted of

CD14� isolated from colon cancer and melanoma patients (f) or in

healthy donors (�). Results are expressed as a stimulation index ratio (S.I.)

where S.I. ratio is equal to the counts/minute in cultures stimulated with

CD14� cells divided by counts/minute in cultures stimulated with unsorted

PBMC. B, Inhibition of MLR proliferation by addition of PMN. Values are

presented as inhibition of the allogeneic MLR set-up with PBMC re-

sponder cocultured with stimulating PBMC from cancer patients or healthy

donors (1:1 ratio) in the presence of different dilutions of PMN. The figure

represents the mean of five independent experiments � SE. Inhibition with

PMN from colon cancer and melanoma patients (f) or healthy donors (�).

�, p � 0.016.

6563The Journal of Immunology
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either as monocytes, or cells with markers and morphology of

polimorphonuclear granulocytes (4, 5, 8). To take into accounts all

the possible sources of MDSC, we investigated the potential sup-

pressive activity of different subsets of leukocytes isolated from

the blood of melanoma and colon cancer patients, including freshly

isolated PMN. To assess MDSC function, we set-up MLRs in

which gamma-irradiated PBMC, CD14�, CD14� and PMN were

added as stimulator to responder PBMC derived from healthy do-

nors. These experiments showed that there are two main subpopu-

lations endowed with suppressive activity in the blood of cancer

patients: one is present among CD14� monocytes, whereas the

second can be found among PMN (Fig. 1). We observed, in fact,

that MLRs stimulated with PBMC of cancer patients depleted of

CD14� cells had a significant increase in proliferation rate, as

compared with MLRs in which the CD14-depleted fraction from

healthy donor PBMC was used ( p � 0.031), suggesting that cells

with immunosuppressive activity are present among CD14�

monocytes (Fig. 1A). It should be noted, however, that monocyte

removal in some cancer patients did not result in any change in

stimulatory activity, as observed in healthy donors, indicating a

patient-to-patient variability.

As expected, MLRs performed with PMN as stimulator showed

a very low proliferation rate (data not shown). This limited pro-

liferation could be due to different mechanisms: PMN might either

be poor APCs or have a cytotoxic potential, due to granule content

that can be discarded in the medium. Alternatively, they might

exert an active immunosuppressive activity, as advanced by Zea

et al. (5). To explore the immunoregulatory potential of PMN, we

added different amounts of gamma-irradiated PMN from either

healthy donors or cancer patients, as third part, to an MLR set-up

with responder PBMC from a healthy donor stimulated with gam-

ma-irradiated PBMC from either healthy donors or cancer patients,

respectively. Although PMN of healthy donors never showed the

ability to reduce significantly MLR proliferation, PMN separated

from cancer patients were able to decrease the proliferation of the

responder PBMC in a cell concentration-dependent manner, there-

fore suggesting that an active mechanism of immunosuppression is

also exerted by freshly isolated PMN of cancer patients (Fig. 1B).

IL-4R� overexpression among PBMC and PMN isolated from

the blood of cancer patients

Recently, a population of blood-circulating CD11b�Gr-1� in-

flammatory cells expressing IL4R� was described in tumor-

bearing mice. In different tumor models, IL4R� was recognized

as a marker for discriminating populations of immunosuppres-

sive monocyte-like MDSCs, from nonsuppressive IL4R�
�

cells, which were mostly granulocytes (10).

FIGURE 2. Expansion of IL4R�

expressing cells in monocytes and gran-

ulocytes. PBMC (A) and PMN (B) from

healthy donors, colon cancer or mela-

noma patients were purified as described

in Materials and Methods and labeled

with CD14, CD15, and IL4R� or isotype

control. To calculate the percentage of

IL4R� among monocytes, cells were

gated in the monocyte-gated region and

positive cells were considered the

IL4R�
�/CD14� cells after subtraction of

the background measured with the iso-

type control of IL4R�. To obtain the per-

centage of IL4R� among granulocytes,

cells were gated in the granulocyte-gated

region and IL4R�
�/CD15� cells were

calculated after subtraction of the back-

ground. C, Representative example of

PBMC and PMN from an healthy donor

(HD), melanoma patient 674 and mela-

noma patient 583 labeled with CD14,

CD15, and IL4R� and analyzed by cy-

tometry as described. MFI, mean fluores-

cence intensity.

FIGURE 3. Correlation of immunosuppressive activity with IL4R� ex-

pression. A, Correlation between stimulation index and percentage of

IL4R�
�/CD14� cells. Stimulating PBMC were obtained from healthy do-

nors (white dots) or from cancer patients (black dots). B, Correlation be-

tween inhibition of MLR proliferation by addition of PMN of healthy do-

nors (white dots) or cancer patients (black dots) vs percentage of IL4R�
�/

CD15� cells.

6564 IL4R�
� MDSC IN CANCER PATIENTS
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We investigated the expression of IL4R� in different fractions

of human leukocytes with mAbs directed against IL4R�, CD14,

and CD15. As most of the receptor for the cytokines, the staining

for IL4R� has a low intensity so we calculated the proportion of

the positive cells by subtracting out those cells whose fluorescence

lies under the control isotype curve. In healthy donors, IL4R�-

positive cells are present among lymphocytes and monocytes and

we calculated that IL4R�
�/CD14� cells comprise 7.3 � 4.6% of

PBMC (range 1,2–17.5%, Fig. 2A, HD column) whereas 3.6 �

4.2% of CD15�/IL4R�
� cells are present among PMN (range

0–12,9%, Fig. 2B, HD column).

When we characterized the IL4R�-expressing leukocyte sub-

populations freshly isolated from cancer patients, we observed in

some patients a significant increase in the percentage of myeloid

cells bearing the IL4R�, both among PBMC and PMN (Fig. 2, A

and B, respectively). A representative example of the staining of

this Ag in both PBMC and PMN is shown in Fig. 2C. Frozen

PBMC were also evaluated from four melanoma patients, and

these samples showed values of IL4R�
�/CD14� cells in line with

the results obtained with PBMC freshly isolated, indicating that the

expression of this Ag is maintained in thawed cells (data not

shown). Unfortunately, PMN freezing results in extensive cell

death, and therefore their phenotype and functional activity can

only be evaluated with freshly isolated cells. Interestingly, there

was not a strict concordance between PBMC and PMN in the same

patients, because the levels of IL4R� could be high in PBMC but

not in PMN and vice versa, suggesting that the expansion of

IL4R�
� cells might be unrecognized in some patients if only Fi-

coll-purified PBMC were studied. The expansion of this IL4R�
�

myeloid population could be observed in cancer patients from

stage II to stage IV, confirming findings from other groups (11).

These results therefore support the notion that an expansion of

myeloid cells bearing a marker of MDSC can be found in the

mononuclear and polymorphonuclear compartments.

Correlation of immunosuppressive activity with IL4R�

expansion

In some healthy donors and cancer patients we recovered

enough cells to perform both immunostaining and functional

analysis. We thus correlated the percentage of IL4R�
� cells

FIGURE 4. Cell division analysis

of PBMC depleted of CD14� cells

and stimulated with OKT3. PBMC

were labeled with CFSE, depleted of

CD14� cells and stimulated with

OKT3, with (B) or without (A) autol-

ogous gamma-irradiated CD14� cells

added back at a ratio CD14�:CD14�

cells of 1:1. After 4 days, cells were

harvested and stained with CD3. In

the graph are shown CFSE�/CD3�

cells, blue peaks on the right indicate

undivided (parent cells) and each

peak toward the left-hand side repre-

sents one cell division or generation.

The percentage of the cells in each

division obtained are shown in the

graphs.

6565The Journal of Immunology
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found in PBMC and PMN with the suppressive ability observed

in MLR experiments (i.e., stimulation index ratio after deple-

tion of CD14� cells from PBMC and percent of proliferation

inhibition following PMN addition to MLR). As shown in Fig.

3, the inhibitory activity was directly correlated to the percent-

age of IL4R�
� cells among PBMC (rP � 0.788, p � 0.001) but

not among PMN (rP � 0.316, p � 0.446). When PBMC of

cancer patients are considered, it should be noted that they fall

into two main groups: one overlapping with the phenotype and

characteristics of healthy donors (white dots), and the other with

high expression of IL4R� and immunosuppressive activity.

To gain insight in the phenomenon of immune suppression

exerted by CD14� cells, we measured cell division by CFSE

staining dilution in T cells stimulated with anti-CD3 mAb in the

presence of CD14� cells obtained from different donors. Spe-

cifically, we evaluated the effect of the addition of autologous

CD14� cells on the proliferation of PBMC depleted of CD14�

cells and stimulated by anti-CD3 mAb. In the representative

experiment shown in Fig. 4, responder lymphocytes were ob-

tained from a healthy donor or from melanoma patient no. 278,

whose CD14� cells lack suppressive activity (stimulation index

ratio 1 in MLR and 7% IL4R�
�/CD14�), or from melanoma

patient no. 352, whose CD14� cells had both phenotype and

activity of MDSC (stimulation index ratio 1.78 and 23%

IL4R�
�/CD14�). As expected, only the addition of CD14�

cells from patient no. 352 suppressed the responder T cell pro-

liferation, with an increase in the percentage of cells in parental

generation (from 16.9 to 59.2%) and a parallel decrease in the

percentage of proliferating cells (from 83 to 41%). In contrast,

the addition of CD14� cells from the healthy donor or from the

melanoma patient lacking suppressive phenotype induced an

increase in the number of cells entering cell cycle (Fig. 4).

Expansion of myeloid cells in the blood and tumor of cancer

patients

We then evaluated the expansion of myeloid cells in PBMC of

melanoma and colon cancer patients by using mAb directed

against CD14 and CD15. This analysis was performed in colon

cancer patients (n � 19) and melanoma patients (n � 12) and

compared with healthy donors (n � 20). In all instances, we ob-

served an increase in the average frequency of CD14 and CD15

positive cells compared with healthy donors; moreover in colon

cancer patients CD14� cells were significantly higher than con-

trols ( p � 0.05; Fig. 5, A and B).

We also evaluated whether myeloid cells could be expanded

at the tumor site. To this aim, tumor biopsies from eight mel-

anomas and from nine colon cancer patients were dissociated

into single cell suspensions, and cell populations were analyzed

by flow cytometry to determine the percentage of myeloid cells.

As shown in Fig. 5, C and D, a significant increase in the per-

centage of CD14�-infiltrating cells was found among most tu-

mors analyzed; all the CD14� cells also expressed low levels of

CD15 marker, as shown in the representative example of Fig. 5,

E and F.

FIGURE 5. Flow cytometry analysis of myeloid

cells in blood of healthy donors and cancer patients and

in tumor tissues. PBMC were purified and stained as

described in Materials and Methods and cells express-

ing the CD14 and CD15 myeloid markers were ana-

lyzed with CellQuest. CD14� (A) and CD15� (B) cells

were evaluated in the PBMC-gated region. �, p � 0.05.

Lines indicate mean values. Biopsy material from colon

cancer patients (C) and melanoma (D) was disaggre-

gated to single-cell suspension and labeled with a mAb

directed against CD14. Representative example of

CD14�/CD15� cells in colon cancer (E) and adjacent

normal colon mucosa (F).

6566 IL4R�
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Discussion
One of the main characteristics of MDSC is their heterogeneous

nature, and many authors advanced that MDSC do not represent

a single cell population, but rather comprise different stages of

immature myeloid cells functionally competent to bring about

the control of activated lymphocytes. Several soluble factors

produced by tumors are involved in myeloid cell expansion

(12–17), and might be responsible for the plasticity of myeloid

precursors. Accordingly, there is evidence both in preclinical

models and in cancer patients that MDSC share a phenotype

with either monocytes or granulocytes (5, 8, 9, 18). To clarify

the nature of MDSC in cancer patients, we analyzed different

subsets of blood leukocytes, freshly isolated from cancer pa-

tients, including PMN that are generally lost during the freezing

process. Our results show that myeloid cells with immunosup-

pressive properties can be found among monocytes and neutro-

phils circulating in peripheral blood of patients with colon can-

cer and melanoma. Interestingly, murine MDSC comprise two

major subsets of Ly6G�Ly6Clow (mostly granulocytic) and

Ly6G�Ly6Chigh (mostly monocytic) cells that can be found in

different tumor models, and both fractions were shown to in-

hibit proliferation and IFN-� release in T cells stimulated with

the cognate Ag but not in T cells activated with polyclonal

stimuli (18).

Another open question regarding human MDSC is the defi-

nition of markers able to identify these cells. Our results show

that IL4R� is up-regulated in both myeloid populations but its

presence correlates with an immunosuppressive phenotype only

when PBMC, but not PMN, of tumor-bearing patients are con-

sidered. However, due to technical limitations, we could only

test for a correlation between expression of this marker and the

immune response. Indeed, sorting of a pure IL4R�
� population

was hampered by the low expression of this Ag which resulted

in a shift of the intensity in the positive cell fraction instead of

a distinct separation from the negative population. A recent

analysis showed that IL4R� was expressed in both granulocytic

and monocytic fraction of mouse MDSC (18); the increase in

IL4R�
� cells among MDSC was statistically different in two

tumor types of ten, as compared with myeloid cells found in

tumor-free mice, even though a tendency to such an increase

was visible in the majority of tumors analyzed. Changes in

mean fluorescence intensity were not evaluated, making a real

comparison with our data not feasible; nonetheless, overall re-

sults seem to suggest common features between mouse and

human MDSC.

At the moment, it is not clear whether the cell subsets sharing

IL4R� marker are either in equilibrium or one cell type can evolve

in the other. Some evidence suggests that mature granulocytes are

indeed less committed than expected, because human neutrophils

can “transdifferentiate” into dendritic cells in the presence of GM-

CSF, IL-4, and TNF-� (19), whereas mouse and human granulo-

cytes can differentiate into macrophages expressing a functional

receptor for CSF-1 (20, 21). Mouse undifferentiated hematopoietic

cell lines (22) and acute monocytic leukemia of M5 type (S. Man-

druzzato, unpublished data) express high levels of IL4R�, there-

fore, another explanation for the common expression of this Ag

could be that circulating leukocytes bearing this receptor are im-

mature myeloid cells common to both monocytic and neutrophilic

differentiation pathways. These cells, however, are distinct from

more immature elements described previously in the blood of can-

cer patients (4), which are another sign of the enhanced my-

elopoyesis in tumor-bearing hosts.

Our work sheds some light on conflicting results that have

described MDSC either as monocyte- or neutrophil-related

cells. Indeed, in most studies in which MDSC were investi-

gated, only PBMC were used. In fact, these cells can be frozen

and analyzed later, while PMN have to be used readily after

isolations, because freezing results in extensive death; more-

over, in vitro culture, although possible for a short period, is

constrained by the short granulocyte life-span and by their easy

activation by nonspecific stimuli. Our results, however, dem-

onstrate that cells with phenotypic and functional characteris-

tics of MDSC are also present in the granulocyte fraction. Zea

and collaborators (5) described a population of cells bearing

markers and morphology of polymorphonuclear cells but ex-

panded in the monocyte fraction of patients with renal cell car-

cinoma. Indeed, it has already been reported that activated gran-

ulocytes can copurify with PBMC, probably as a consequence

of their activation status changing their density (23). However,

alternative explanations might exist in agreement with the plas-

ticity of MDSC found in mice. MDSC, in fact, can differentiate

into dendritic cells, macrophages and possibly endothelial cells

according to the external stimuli they receive (reviewed in Refs.

2 and 3). The cells we found in PBMC and PMN might thus be

stages of the same differentiation pathway driven by tumor-

derived factors rather than truly different cells.
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