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Abstract

AIM: To investigate the frequency and clinical signifi-
cance of the myeloid-derived suppressor cells (MDSC)
in human colorectal carcinoma (CRC).

METHODS: Samples of peripheral blood and tumor tis-
sue from 49 CRC patients were analyzed. Mononuclear
cells were isolated by Ficoll-Hypaque density gradient
centrifugation and were subjected to a flow cytometry-
based immunophenotypic analysis.

RESULTS: A considerable increase in the percentage
of CD33"HLA-DR” MDSCs was observed in the periph-
eral blood (1.89% =% 0.75%) and tumor tissues (2.99%
+ 1.29%) of CRC patients as compared with that in the
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peripheral blood of healthy controls (0.54% + 0.35%).
This expanded CD33*HLA-DR subset exhibited imma-
ture myeloid cell markers, but not lineage markers, and
showed up-regulation of CD18/CD11b expression as
compared with the MDSCs from healthy donors. Fur-
ther studies showed that the MDSC proportion in CRC
peripheral blood was correlated with nodal metastasis
(P = 0.023), whereas that in tumor tissues was cor-
related with nodal/distant metastasis (P = 0.016/P =
0.047) and tumor stage (P = 0.028), suggesting the
involvement of MDSCs in CRC tumor development.

CONCLUSION: Characterization of MDSCs in CRC sug-
gests the clinical significance of circulating and tumor-
infiltrating MDSCs and may provide new insights into
the CRC immunotherapy targeting MDSCs.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Immune escape is not merely a passive process of im-
mune evasion, but is rather an active one in which tumor
cells, stroma cells, and immune cells present within the
tumor microenvironment actively suppress the antitumor
immune response. Thus, although host immune surveil-
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lance may prevent tumor outgrowth during the earliest
stages of tumor development, locally invasive or meta-
static tumors must evade host immunity'". In the tumor
microenvironment, the “mission” of immune cells is to
execute an antitumor function, but some of these cells
are converted to act as confederates of the tumor. The
inability of immune cells to mount an effective antitumor
response, even following vaccination, is an immunologi-
cal hallmark of cancer and represents a critical problem
for the development of effective immunotherapeutic
strategies. Myeloid-derived cells and lymphocytes subsets,
such as regulatory T cells (Tregs), collaborate with their
malignant counterparts to suppress host immunity®”,
Myeloid-derived suppressor cells (MDSCs) are a large
group of myeloid cells comprising immature macro-
phages, granulocytes, and dendritic cells (DCs) as well
as myeloid cells at earlier stages of differentiation™. In
mice, MDSCs express the myeloid lineage differentia-
tion antigens Gr-1 and CD11b, and undergo dramatic
expansion during tumor development. In mouse models,
MDSCs are found in tumors and lymph nodes™*?, and
the proportion of MDSCs has been shown to exceed
20% in the spleen. There are some controversies about
the phenotype of MDSCs in humans, but these cells are
now generally defined as CD11b- and CD33-positive, but
lacking mature myeloid and lymphoid cell markers and
the major histocompatibility complex (MHC) class Il
molecule, HLA-DR"™. In the appropriate cytokine envi-
ronment, MDSCs can differentiate into mature myeloid
cells, but this differentiation is blocked in the presence
of tumor-cell-conditioned medium or in tumor-bearing
hosts, indicating that MDSC expansion can be induced in
a tumor microenvironment. Recent studies have shown
that MDSCs inhibit the proliferation and activation of T
cells, and suppress maturation of DCs, which together
contribute to the negative regulation of the immune
responses and promote immune escape of tumors and
pathogens"""". In vivo depletion of MDSCs has been
shown to improve T cell-mediated immune responses and
suppress tumor growth in murine models"”. Therefore,
depletion of MDSCs in tumor-bearing hosts has been
proposed as a new approach for cancer immunotherapy.
Colorectal carcinoma (CRC) ranks as the third most com-
mon cancer and the fourth leading cause of cancer-related
deaths wotldwide!”. In China, the incidence of CRC is
increasing due to changes in diets and lifestyle!" . Numer-
ous pathological factors and transformation of multiple
genes are involved in tumor genesis and progression. It
has been demonstrated that an immune-escape microenvi-
ronment shaped by chronic inflammation or autoimmune
diseases is clearly associated with increased risk of CRC'",
A variety of therapeutic strategies, including conventional
surgery, chemotherapy, radiotherapy and immunotherapy,
alone or in combination, are currently available for the
treatment of CRC patients. However, these therapies lead
to different outcomes due to the different physical situa-
tion of each patient, which also construct the different tu-
mor microenvironment through immune suppression!*"”.
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Therefore, it is critical that clinicians perform further
analyses of immune-supptression status and establish indi-
vidualized therapeutic strategies for CRC patients. Several
studies have described the presence of abnormalities in
the immune system of patients with CRC, including de-
fective function of natural killer cells, DCs and Tregsm’m,
but little is known about MDSCs in CRC.

In the present study, we investigated the frequency
and characterized the phenotype of MDSCs in CRC pa-
tients and evaluated the clinical significance of MDSCs in
CRC clinical status and outcome. The results might sug-
gest a new strategy for efficient, individualized treatment

of CRC.

MATERIALS AND METHODS

Patients

Peripheral blood and tumor tissue samples were col-
lected from 49 CRC patients who underwent surgery in
the Third People’s Hospital of Wuxi, China from January
2010 to January 2011 after the approval by the Ethics
Committee of the hospital. All patients were diagnosed
with CRC for the first time, and had not been previously
treated. Forty age-matched healthy donors were used
as controls. Clinical parameters were acquired from the
medical records of patients with the permission of the
hospital.

Cell isolation from fresh tumor tissues and peripheral
blood

Fresh tumor specimens were gently minced over a wire
mesh screen to obtain a cell suspension. The cell sus-
pension was layered over Ficoll-Hypaque (Amersham
Biosciences, Sweden) and centrifuged at 500 X g for 25
min. After density gradient centrifugation, mononuclear
cells were collected and washed with RPMI 1640 media
(Gibco, United States) containing 5% fetal bovine serum
(FBS; Hyclone, United States) and 1% penicillin/strep-
tomycin (Sigma-Aldrich, United States). Peripheral blood
mononuclear cells (PBMCs) were also isolated by Ficoll-
Hypaque density gradient centrifugation. PBMCs were
collected, washed, and analyzed immediately. Viable cell
counts were obtained using trypan blue dye.

Immunophenotypic analysis

Antibodies against the following proteins, purchased
from BD Pharmingen or eBioscience, were used for flow
cytometry: CD33, HLA-DR, CD3, CD14, CD19, CD56,
CD11b, CD18, and CD1a. PBMCs (1 X 10°) were sus-
pended in phosphate-buffered saline (PBS) and incubated
with antibodies for 30 min at 4 ‘C, and then washed twice
with cold PBS. Fluorochrome-conjugated antibodies were
used as isotype controls. Nonspecific staining was pre-
vented by blocking Fc receptors. A Beckman Coulter flow
cytometer equipped with Expo 32 software was used to
analyze the stained cells. For MDSC marker analysis, the
gate was set on the CD33"HLA-DR cell subset.
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Figure 1 Circulating and tumor-infiltrating CD33"HLA-DR" myeloid-derived suppressor cells in colorectal carcinoma patients. A: CD33'HLA-DR" myeloid-
derived suppressor cells (MDSCs) were present in the peripheral blood of colorectal carcinoma (CRC) patients and healthy donors, as well as in CRC tumor tissues;
B: The percentage of CD33"HLA-DR” MDSCs was significantly increased in the blood and tumor tissues of CRC patients (°P < 0.05). PBMCs: Peripheral blood mono-

nuclear cells.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
5.0 software (GraphPad Software, United States). Paired
or unpaired Student’s # tests, Wilcoxon signed-rank tests,
and Pearson y” tests were used as appropriate. P value <
0.05 was considered statistically significant.

RESULTS

Increased frequency of myeloid-derived suppressor
cells in colorectal carcinoma patients

The percentage of MDSCs was analyzed in 49 CRC
patients and 40 healthy donors. Circulating and tumor-
infiltrating MDSCs were defined as the CD33 " HLA-DR
double-staining cell subset (Figure 1A). As shown in Figure
1B, MDSCs were present in the peripheral blood of both
healthy donors and CRC patients, but the petcentages wete
increased in CRC patients (1.89% £ 0.75%) as compared
with healthy donors (0.54% % 0.35%, P < 0.05) Infiltrating
MDSCs were also found in CRC tumor tissues, and the
percentage of MDSCs among tumor-infiltrating mono-
nuclear cells (2.99% £ 1.29%) was rematkably elevated as
compared with that among PBMCs of both healthy do-
nors and CRC patients (P < 0.05).
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Phenotypic analysis of CD33'HLA-DR” MDSC subset

We analyzed the cell surface markers of the CD33"HLA-
DR MDSC subset in each CRC patient by immunostain-
ing and flow cytometry. Cells were gated on CD33 HLA-
DR, and cell surface expression of CD3, CD14, CD19,
CD56, CD11b, CD18, and CD1a was analyzed. As
shown in Figure 2A, CD33"HLA-DR cells exhibited
high expression of CD11b, CD18 and CD1a, but low
expression of CD3, CD14, CD19 and CD56. An analysis
of phenotypic differences in peripheral blood MDSCs
between CRC patients and healthy donors showed that
CD11b and CD18 expressions were increased on MD-
SCs in CRC patients (Figure 2B).

Relationship between percentage of MDSCs in CRC and
clinical parameters

As shown in Table 1, patients were divided into high
and low MDSC groups according to the median MDSC
petrcentages in peripheral blood and tumor tissues. A
statistical analysis showed that the proportion of MD-
SCs in CRC patient peripheral blood was correlated with
distant metastasis (P = 0.023): CRC patients with distant
metastases showed a higher level of circulating MDSCs
than CRC patients without distant metastases. The pro-
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Figure 2 Phenotypic analyses of CD33"HLA-DR" myeloid-derived suppressor cells in colorectal carcinoma patients and healthy donors. A: Cell surface
markers of peripheral blood myeloid-derived suppressor cells (MDSCs), obtained by gating on the CD33"HLA-DR” subset, were detected in colorectal carcinoma (CRC)
patients; B: Percentages of cells positive for various markers on the CD33"HLA-DR’ subset in healthy donors (HD) and CRC patients (*P < 0.05).

portion of MDSCs in tumor tissues was correlated with
nodal metastasis, distant metastasis and tumor stages.
CRC patients with metastases (nodal/distant) exhibited
a higher degree of MDSC infiltration than those without
metastases (P = 0.016/P = 0.047). Among stage IV CRC
patients, 60% had a high-level infiltration of MDSCs in
tumor tissues (P = 0.028), suggesting the involvement of
MDSCs in tumor development.

DISCUSSION
Many studies have highlighted the role of MDSCs in

cancer immune suppression™. Infiltration of these cells
in the tumor host is promoted by the tumor microenvi-
ronment, and tumor-associated expansion of MDSCs
contributes to tumor escape from the immune system.
The decline of immune function in the tumor leads to
ineffective tumor treatment outcomes, due to the insuffi-
cient activity of antigen-specific antitumor responses and
the possible extension of immune tolerance in the tumor
host. Many studies have addressed MDSCs in solid tu-
mors, but little is known about MDSCs in CRC. In this
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study, we investigated circulating and tumor-infiltrating
MDSCs in CRC patients, characterizing surface marker
expression on MDSCs and demonstrating the clinical sig-
nificance of MDSCs in CRC.

MDSCs represent 20%-30% of normal bone marrow
cells and 1%-4% of all nucleated cells in the spleen™?,
Our study showed that the CD33 " HLA-DR' subset was
present at a very low proportion in the peripheral blood
of healthy donors. CD33"HLLA-DR MDSCs represent a
homogeneous cell population that is significantly elevated
in the peripheral blood of CRC patients. Furthermore,
CD33 "HLA-DR MDSCs wete found at a relative high
density in CRC tumor tissues compared with peripheral
proportions in healthy donors or CRC patients. These
data show that MDSCs expansion could be involved in
CRC development, and suggest that the tumor tissue mi-
croenvironment might serve to promote MDSC expan-
sion. Our data confirm previous studies demonstrating
a dramatic expansion of MDSCs during tumor progtres-
sion, infection, and even following immunization.

MDSCs are identified as a population of myeloid
cells at earlier stages of differentiation™. In CRC, these
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Clinical parameters Cases MDSC proportion in peripheral blood MDSC proportion in CRC tumor tissues
Low High P value Low High P value
Gender 0.252 1.000
Male 26 14 12 12 14
Female 23 8 15 11 12
Age (yr) 0.229 0.292
<60 16 5 11 8 18
=60 33 17 16 15 18
Tumor size (cm) 1.000 0.571
<5 24 11 13 10 14
>5 25 11 14 13 12
Tumor (T) status’ 0.179 0.466
pTi 4 2 2 1 3
pT2 10 6 4 5 5
pTs 12 9 5 4 8
pTs 23 7 16 13 10
Nodal (N) status’ 0.248 0.016
No 31 16 15 19 12
N1 18 6 12 4 14
Distant metastasis (M)’ 0.023° 0.047°
Mo 22 14 8 14 8
Mt 27 8 19 9 18
TNM stage 0.207 0.028"
I 6 2 4 2 4
I 12 7 5] 8 4
il 11 7 4 8 8]
v 20 6 14 5 15
Total 49 22 27 23 26

"Tumor status is classified as: pTi, invasion of lamina propria or submucosa; pTz, invasion of muscularis propria; pTs, invasion of adventitia; pTs, invasion of
adjacent structures; *Nodal status is classified as: No, no regional lymph-node metastasis; N1, regional lymph-node metastasis; *Distant metastasis is classified as

follows: Mo, no distant metastasis; M1, metastasis to cervical nodes, celiac nodes, and other distant metastases. “P < 0.05 was considered statistically significant.

MDSC: Myeloid-derived suppressor cells; CRC: Colorectal carcinoma; TNM: Tumor, nodes, metastasis.

CD33"HLA-DR” MDSCs displayed characteristics of
immature myeloid cells, expressing high levels of CD33,
CD11b, CD18 and CDl1a, but a very low level of HLA-
DR. Notably, the lineage markers CD3, CD14, CD19,
and CD56 were not expressed in this subset. Thus, the
phenotype of MDSCs in CRC is consistent with previ-
ous descriptions. Interestingly, however, we found that
CD18/CD11b expression was considerably increased in
MDSCs from CRC patients compared with those from
healthy donors, indicating that the MDSCs in tumors
might alter their expression of functional molecules ac-
cording to the tumor microenvironment. Because CD18/
CD11b (also known as Mac-1, CR-3) is critical for cell
adhesion and migrationm’zﬂ, MDSCs in CRC might con-
tribute to invasion and metastasis.

We further explored the clinical significance of circulat-
ing and tumor-infiltrating MDSCs in CRC. We found that
the percentage of MDSCs in the peripheral blood of CRC
patients was correlated with distant metastasis, whereas
the percentage of MDSCs in tumor tissue was correlated
with nodal metastasis, distant metastasis, and tumor stage.
These data revealed the clinical significance of MDSCs in
CRC. Previous studies have indicated that the main action
of MDSCs in tumors is suppression of antigen-specific
immune responses. Our demonstration that CD18/CD11b
is up-regulated on tumor-associated MDSCs is consistent
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with the correlation between MDSC expansion and metas-
tasis, indicating that MDSCs may play an important role in
tumor invasion and metastasis. MDSC infiltration was also
found to correlate with CRC tumor stage. Taken together,
these observations suggest that MDSCs in CRC may sub-
stantially contribute to immune invasion, thereby promot-
ing the tumor development.

In summary, we evaluated the frequency, phenotype
and clinical significance of MDSCs in CRC. The increased
frequency of MDSCs in CRC likely plays an important
role in tumor metastasis and progression. Our study is of
considerable significance for developing immunothera-
peutic strategies zia targeting and eliminating MDSCs in
CRC.
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In the tumor microenvironment, the principal “mission” of immune cells is to
execute an antitumor program, but a portion of such cells become confederates
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of the tumor. Myeloid-derived suppressor cells (MDSCs) are a large group of
myeloid cells comprising immature macrophages, granulocytes, and dendritic
cells (DCs), as well as myeloid cells at earlier stages of differentiation. Recent
studies have shown that MDSCs can inhibit proliferation and activation of T-cell
and suppress maturation of DCs, which together contribute to the negative reg-
ulation of immune responses and the promotion of immune escape of tumors
and pathogens. MDSCs have been extensively studied in solid tumors, but little
is known about MDSCs in colorectal carcinoma (CRC).

Research frontiers

In humans, the phenotype of MDSCs has been a matter of some controversy,
but it is now generally agreed that MDSCs are defined as CD11b- and CD33-
positive cells that lack mature myeloid and lymphoid cell markers and do not
express the MHC class I molecule, HLA-DR. In vivo depletion of MDSCs has
been shown to improve T cell-mediated immune responses and suppress tu-
mor growth in murine models. Therefore, depletion of MDSCs in tumor-bearing
hosts has been proposed as a new approach for cancer immunotherapy.
Several studies have described the presence of abnormalities in the immune
system of patients with CRC, including defective function of natural killer cells,
DCs, and Tregs, but little is known about MDSCs in CRC patients.

Innovations and breakthroughs

In this study, the authors investigated the circulating and tumor-infiltrating MD-
SCs in CRC patients and examined the expression of molecules characteristic
of MDSCs. A considerable increase was found in the percentage of CD33°HLA-
DR MDSCs in the peripheral blood and tumor tissues of CRC patients. The
expanded CD33"HLA-DR’ subset exhibited immature myeloid cell markers, but
not lineage markers, and showed up-regulation of CD18/CD11b expression
as compared with MDSCs from healthy donors. These data demonstrated the
existence of an MDSC population in CRC patients; further studies showed that
the proportion of MDSCs in the peripheral blood and tumor tissues of CRC
patients was correlated with nodal/distant metastases and tumor stage, strongly
suggesting the involvement of MDSCs in CRC tumor development.

Applications

The characterization of the frequency and phenotype of MDSCs in CRC pre-
sented in this article suggests the clinical significance of circulating and tumor-
infiltrating MDSCs, and it may provide new insights into the CRC immunothera-
py targeting MDSCs.

Peer review

In the present paper, the authors evaluated the frequency and clinical signifi-
cance of MDSCs in human CRC and they found that this population of cells
was considerably increased in CRC as compared with the healthy donors.
Moreover, they showed that in CRC peripheral blood, the MDSCs frequency
was correlated to distant metastasis whereas, in tumor tissues the percentage
was correlated to nodal and distant metastasis and tumor stages. Finally, the
authors speculate that their study could have clinical implication contributing
to the identification of new target for CRC immunotherapy. A major concern
is related to the definition of the MDSC population. The authors have defined
MDSCs as a large group of myeloid cells consisting of immature macrophages,
granulocytes and dendritic cells as well as myeloid cells at earlier stages of dif-
ferentiation. The description itself is not a definition but a “Pandora box”. Each
cell type has its own identity and specificity. Two or more cell types interact in
unpredictable ways, and in the absence of a clear definition, each observa-
tion has little value. Given these premises, the attempt to clarify the confused
MDSC issue by the authors is respectable, and their results, albeit flebile, are
worth publication.
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