
Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 497

Myeloid-derived suppressor cells in colorectal cancer: prognostic 
biomarkers and therapeutic targets
Mohammad A. Al-Mterin1     , Eyad Elkord1,2*

1Natural and Medical Sciences Research Center, University of Nizwa, Nizwa 616, Oman
2Biomedical Research Center, School of Science, Engineering and Environment, University of Salford, M5 4WT Manchester, UK

*Correspondence: Eyad Elkord, Natural and Medical Sciences Research Center, University of Nizwa, P.O. Box 33, Nizwa 616, 
Oman. e.elkord@unizwa.edu.om; e.elkord@salford.ac.uk
Academic Editor: Salem Chouaib, Université Paris-Saclay, France
Received: May 31, 2022  Accepted: July 20, 2022  Published: August 31, 2022

Cite this article: Al-Mterin MA, Elkord E. Myeloid-derived suppressor cells in colorectal cancer: prognostic biomarkers and 
therapeutic targets. Explor Target Antitumor Ther. 2022;3:497–510. https://doi.org/10.37349/etat.2022.00097

Abstract
Myeloid-derived suppressor cells (MDSCs) are a group of immature myeloid cells, which are expanded in 
most cancer patients. MDSCs suppress host immune responses, leading to cancer growth and progression. 
Several studies demonstrated that there was a relationship between levels of MDSCs and tumorigenesis in 
colorectal cancer (CRC) patients. MDSCs are now being investigated for their role as possible therapeutic 
targets in cancer treatment. This review summarizes available studies that investigated MDSC expansion 
in CRC patients, as well as their role in CRC tumorigenesis, prognosis, and targeting. Based on the available 
studies, there is a possible relationship between high levels of MDSCs and CRC progression. Additionally, 
targeting MDSCs in CRC patients selectively represents a significant challenge for the development of 
targeted treatments. Targeting of MDSCs could be exploited in different ways including MDSC depletion, 
inhibition of MDSC function and recruitment, and enhancing MDSC differentiation. Overall, MDSCs could be 
exploited as prognostic biomarkers and potential therapeutic targets in CRC.
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Introduction
Myeloid-derived suppressor cells (MDSCs) are a heterogeneous group of immature myeloid cells, which are 
characterized by strong abilities to suppress both innate and adaptive immune responses, especially T cell 
functions [1, 2]. MDSCs are critical immune regulatory cells, expanding in response to various pathological 
conditions such as cancer, inflammation, and infection [2].

In healthy individuals, immature myeloid cells differentiate into granulocytes, macrophages, or 
dendritic cells (DCs). However, during acute infections, immature myeloid cells increase and differentiate 
mainly into activated neutrophils and monocytes [3]. This process is critical to protect the host cells 
from pathological illnesses. During cancers and chronic inflammations, immature myeloid cells 
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are characterized by a continual release of inhibitory signals [4]. Consequently, the accumulation of 
immature myeloid cells leads to incomplete differentiation of these cells into activated neutrophils and 
monocytes [2]. Over time, the long-term inflammatory signals create the environment for increasing and 
activation of MDSCs [5, 6].

MDSCs in human are defined as CD33+CD11b+HLA-DRlow cells, and according to cell surface 
markers and cell morphology, human MDSCs may be divided into two main subgroups: granulocytic/
polymorphonuclear MDSCs (G-MDSCs/PMN-MDSCs, CD33+CD11b+HLA-DRlowCD15+ cells), and monocytic 
MDSCs (M-MDSCs, CD33+CD11b+HLA-DRlowCD14+ cells) [3, 7–9]. Lately, an additional subgroup has been 
identified as CD33+CD11b+HLA-DRlowCD14–CD15–, and they are named immature MDSCs (I-MDSCs) or 
early-stage MDSCs (e-MDSCs) [3, 10, 11].

MDSCs in cancer
MDSCs are expanded in the peripheral blood of individuals with different malignant and non-malignant 
diseases [12]. MDSC subgroups of granulocytic and monocytic cells have been recognized and 
characterized in several human malignancies [13–16], including breast cancer [17], colorectal cancer 
(CRC) [18–20], melanoma [21], non-small cell lung cancer [22], head and neck cancer [23], pancreatic, 
esophageal and gastric cancer [24], and renal cell carcinoma [25]. MDSCs inhibit anti-tumor immune 
responses [16, 26, 27], and as a result, cancer cells maintain their rate of progression [11]. Moreover, MDSC 
levels in cancer patients are considered to have prognostic and predictive values [28].

Many secreted factors such as tumor-derived granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating fac tor (GM-CSF), macrophage colony-stimulating factor 
(M-CSF), stem cell factor, vascular endothelial growth factor (VEGF), and interleukin-3 (IL-3) are 
released in the tumor microenvironment (TME). These factors stimulate the production or expansion 
of MDSCs [29]. Accordingly, MDSCs have been related to the induction of T-cell dysfunction in cancer via 
the production of arginase (ARG) I, reactive oxygen species (ROS), peroxynitrites (ONOO–), transforming 
growth factor-beta (TGF-β), and IL-10 [1, 2, 30–32]. Additionally, MDSCs mediate the development of 
tumor-induced T regulatory cells (Tregs) and T helper 17 (Th17) cells [2, 33, 34].

MDSCs in CRC
CRC is the second-deadliest cancer and the third most frequent cancer worldwide [35]. A total of 1.8 
million new cases of colon cancer were diagnosed in 2018, accounting for approximately 10% of all 
new cancer cases and deaths globally [35, 36]. Chronic mucosal inflammation has been linked to the 
development of CRC [20, 37]. This association is mediated by proinflammatory cells and mediators such 
as prostaglandin E2 (PGE2), IL-6, VEGF, IL-1β, S100A8/A9 proteins, and the complement component 
5a (C5a), which disrupt the outcome of anticancer therapy [38, 39]. Moreover, these proinflammatory 
mediators enhance the induction of MDSCs, which in turn increase their accumulation [40]. Over time, such 
accumulation leads to the suppression of immune responses and antitumor immunity, thereby enabling 
tumor development and progression [40].

Several studies demonstrated a relationship between levels of MDSCs and tumorigenesis in CRC 
patients [18–20, 41, 42]. OuYang et al. [43], reported that MDSC levels in CRC patients were elevated 
in peripheral blood and tumor tissues. In addition, tumor-induced MDSCs have the ability to inhibit 
the proliferation of T cells and promote CRC cell growth through cell-to-cell communication [43]. Also, 
they found a correlation between higher levels of MDSCs in peripheral blood with advanced tumor-
node-metastasis (TNM) stages and lymph node metastases [43]. Moreover, Yan et al. [44], demonstrated 
that accumulation of γδT17 cells correlated with human CRC progression through increasing the expansion 
and recruitment of MDSCs. Also, they found that levels of PMN-MDSCs are abundant in tumor tissues 
in CRC patients [44].

It has been reported that MDSCs are recruited and expanded mainly by IL-17 secreted by innate 
γδT (γδT17) cells (Figure 1) [44, 45]. Additionally, another study reported that IL-17 could enhance 
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the survival and suppressive function of G-MDSCs in vitro in the early stage of colitis-associated cancer 
(CAC) [46]. Furthermore, levels of MDSCs and Yes-associated protein 1 (YAP1) were shown to be positively 
correlated with poor clinical outcomes, reduced disease-free survival (DFS), and overall survival (OS) 
in CRC patients [47]. They also reported that expression levels of YAP1 and phosphatase and tensin 
homologue (PTEN) were associated with MDSCs induction in CRC tumor tissues in vitro (Figure 1) [47]. 
It has been previously shown that CRC patients have significantly higher levels of granulocytic myeloid 
cells (GMCs) in the circulation and tumor tissues [48]. Interestingly, there was a correlation between 
the elevation of peripheral GMCs and a higher tumor stage [48]. Moreover, another study observed 
an increase in e-MDSCs (CD33+CD11b+HLA-DR–CD14–CD15–) in tumor tissues of CRC patients [48]. 
Notably, PGE2 has a role in CRC progression [49]. It promotes tumor progression by stimulation 
of C-X-C motif chemokine receptor 2 (CXCR2) ligand expression, which results in the induction of 
tumor-associated angiogenesis (Figure 1) [50]. Accordingly, in a mouse model of CAC, Katoh et al. [51], 
found that deletion of Cxcr2 significantly reduced colonic chronic inflammation and colitis-associated 
carcinogenesis by limiting the infiltration of G-MDSCs into the colonic mucosa and tumors. Moreover, 
Chun et al. [52], found that C-C motif chemokine ligand 2 (CCL2) increased colorectal carcinogenesis 
by enhancing intratumoral PMN-MDSC accumulation. Importantly, it was observed that CCL2 promotes 
programmed death ligand 1 (PD-L1) expression on PMN-MDSCs, suggesting that CCL2 neutralizing 
agents may be useful to increase the responsiveness to current immune checkpoint therapies in some 
patients (Figure 1) [52]. Fědorová et al. [53], found that numbers of circulating M-MDSC were not 
associated with metastatic disease in advanced CRC patients. However, the numbers of circulating 
CD33hi PMN-MDSCs were increased in patients with distant metastases [53]. Moreover, low levels of 
receptor-interacting protein kinase 3 (RIPK3), which is required for mucosal repair in inflammatory 
bowel diseases (IBDs), correlated with the accumulation of MDSCs in murine CRC [54]. Specifically, 
they found that PGE2 increased the immune-suppressive action of MDSCs, while also accelerating tumor 
development [54]. Moreover, PGE2 inhibited RIPK3 expression while increasing the expression of 
nuclear factor kappa B (NFκB) and cyclooxygenase-2 (COX-2) in MDSCs, suggesting that RIPK3 and PGE2 
could be therapeutic targets in CRC patients (Figure 1) [54].

Besides that, Karakasheva et al. [55], found a significant increase in circulating CD38+ M-MDSCs, and a 
trend of expansion of circulating CD38+ PMN-MDSCs was detected in CRC patients, compared with healthy 
controls. Indeed, they demonstrated that circulating CD38+ M-MDSCs were functionally immunosuppressive 
and might potentially contribute to the development of CRC [55]. Interestingly, Wang et al. [56], found that 
G-MDSCs enhance tumor cell stemness and progression through exosomes in mice with CRC. Additionally, 
they found that S100A9 is over-expressed in G-MDSC-derived exosomes, and blocking it reduces CRC 

Figure 1. Potential mechanisms of MDSC induction and accumulation in CRC and CAC. In the TME, some factors were found to 
be responsible for MDSC recruitment and expansion including IL-17, YAP1, CXCR2, CCL2, and RIPK3
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cell stemness [56]. Also, they reported that hypoxia stimulates G-MDSCs to produce more exosomes in a 
hypoxia-inducible factor 1α (HIF-1α)-dependent manner, and respiratory hyperoxia can decrease tumor 
cell stemness by inhibiting the production of G-MDSCs exosomes in CRC [56].

IL-8 plays an important role in gastrointestinal carcinogenesis by mobilizing immature CD11b+Gr-1+ 
myeloid cells [57]. IL-8 was strongly up-regulated in colorectal tumors from patients compared with 
normal tissues [57]. Increased levels of CD14+HLA-DR–/low MDSCs in CRC liver metastasis patients inhibited 
T cell proliferation and indicated poor clinical outcomes [58]. MDSCs induced by sphingosine-1-phosphate 
receptor 1 (S1PR1)-signal transducer and activator of transcription-3 (STAT3) in CRC cells can promote 
growth and liver metastasis in CRC [58]. Obviously, levels of PMN-MDSCs and e-MDSCs were elevated in 
tumor tissues compared with normal tissues in CRC patients [59]. Limagne et al. [60], found that levels of 
Tregs, Th17, and G-MDSC were significantly elevated in metastatic CRC. Importantly, only a high level of 
G-MDSC was associated with a poor disease prognosis, according to this study [60]. In pre-treatment patients 
with metastatic CRC, high M-MDSC, low CD4+ T effector memory cell (TEM), or low CD8+ TEM levels had 
significantly shorter progression-free survival [61]. The studies which demonstrated a relationship between 
levels of MDSCs and tumorigenesis in CRC patients are summarized in Table 1.

Table 1. Summary of studies, which demonstrated relationships between levels of MDSCs and tumorigenesis in CRC patients

Sample type MDSC phenotype Number of samples Main findings References
Peripheral 
blood

Lin–/lowHLA-DR–

CD11b+CD33+ MDSCs
64 patients Increased percentage and the absolute 

number of Lin–/lowHLA-DR–CD11b+CD33+ 
MDSCs compared with healthy controls. 
This increase is closely correlated with 
clinical cancer stage and tumor metastasis 
but not primary tumor size

[20]

Peripheral 
blood

CD11b+CD33+HLA-DR– 
MDSCs

23 patients with stage 
IV metastatic CRC

Patients with advanced CRC display 
enhanced MDSC levels and reduced 
CD247 expression

[37]

Peripheral 
blood and 
tumor tissues

CD33+HLA-DR– MDSC 49 CRC patients A considerable increase in the percentage 
of CD33+HLA-DR– MDSCs was observed 
in the peripheral blood and tumor tissues 
of CRC patients as compared with healthy 
controls

[18]

Peripheral 
blood and 
tumor tissues

CD33+CD11b+HLA-DR– 32 age-matched 
healthy donors and 
42 patients with CRC 
at the time of first 
diagnosis

CRC patients had elevated levels of 
CD33+CD11b+HLA-DR– MDSCs in primary 
tumor tissues and in peripheral blood. 
These elevated circulating MDSCs were 
correlated with advanced TNM stages and 
lymph node metastases

[42]

Tumor tissues CD45+Lin–HLA-DR–

CD11b+CD33+CD66b+
154 patients 
with colorectal 
adenocarcinoma

Activated inflammatory-DCs induced 
γδT17 cells to secrete IL-8, tumor 
necrosis factor alpha, and GM-CSF 
with a concomitant accumulation of 
immunosuppressive PMN-MDSCs in 
the tumor

[44]

Tumor tissues CD33+CD11b+HLA‐DR– 
MDSCs

145 newly diagnosed 
CRC patients who 
did not accept 
any preoperative 
chemoradiotherapy

A significant association between CD33+ 
MDSC number and YAP1 and PTEN 
levels in CRC patients. The CD33+ 
MDSCs, YAP1, and PTEN were identified 
as predictors for the prognosis of 
CRC patients

[46]

Peripheral 
blood and 
tumor tissues

CD33+CD11b+HLA-DR–/

lowCD15+CD33+CD11b+HLA-
DR–CD14–CD15−

21 CRC and 21 
healthy donors

The expansion of peripheral GMCs 
correlated with higher stage and 
histological grade of cancer, thereby 
suggesting their role in cancer progression

[47]
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Table 1. Summary of studies, which demonstrated relationships between levels of MDSCs and tumorigenesis in CRC 
patients (continued)

Sample type MDSC phenotype Number of samples Main findings References
Peripheral 
blood

M-MDSCs were detected as 
CD45+CD11b+CD33+HLA-
DRlowCD14+CD15–, 
G-MDSCs (CD33hi PMN-
MDSC) were detected as 
CD45+CD11b+CD33hiHLA-
DRlowCD14–CD15+

10 patients with 
advanced colorectal 
carcinoma

Levels of circulating M-MDSCs were 
not associated with metastatic disease 
within advanced CRC patients. Levels 
of circulating CD33hi PMN-MDSCs 
were elevated in patients with distant 
metastases compared to T3 M0 subgroup

[52]

PBMC M-MDSCs (defined as 
CD14+HLA-DR–/low)
PMN-MDSCs (defined 
as low density, 
CD33+CD11b+CD14–

CD15+SSChi)

1 CRC patient and 8 
healthy donors

A significant expansion of CD38+ 
M-MDSCs and a trend of expansion of 
CD38+ PMN-MDSCs (accompanied by a 
trend of increased CD38 expression on 
both M-MDSCs and PMN-MDSCs) were 
observed in PBMCs of CRC patients when 
compared with healthy donors

[54]

PBMC: peripheral blood mononuclear cell

Prognostic significance of MDSCs in CRC
MDSCs were found to be an independent prognostic factor in several types of cancer. Specifically, 
levels of MDSCs were shown to be associated with clinical outcomes in patients with advanced 
melanoma, indicating that they could have prognostic value and may be used to identify patients who 
are at high risk of disease progression [62]. Moreover, elevated numbers of MDSCs were shown to 
be correlated with more advanced cancer stages, and with decreased survival rates in gastric cancer 
patients [28]. Similarly, high numbers of circulating MDSCs were correlated with early cancer relapse 
and predicted the prognosis of individuals with hepatocellular carcinoma undergoing therapeutic 
resection [63]. Furthermore, high levels of MDSCs were correlated with cancer stage and poor prognosis 
in bladder cancer patients, indicating that levels of MDSCs may serve as a prognostic biomarker in bladder 
cancer patients [64]. In diffuse large B-cell lymphoma patients, the expansion of M-MDSCs may be used 
as a biomarker for a worse prognosis. It is worthwhile mentioning that the accumulation of M-MDSCs in 
those patients was mediated by IL-35 [65]. Therefore, targeting M-MDSCs might be a potential therapeutic 
approach in patients with diffuse large B-cell lymphoma.

MDSCs have been observed to accumulate in CRC patients and tumor-bearing mice. As a 
result, several studies have concentrated on the immunosuppressive function of MDSCs and their 
characterization. In metastatic CRC, it was found that high numbers of G-MDSC were associated with poor 
prognosis [60]. Moreover, levels of circulating M-MDSCs were significantly elevated in most advanced 
tumor stages of CRC patients [66]. Additionally, levels of circulating M-MDSCs were significantly elevated 
after surgery, indicating that M-MDSCs levels are related to disease burden and tumor recurrence [66]. 
Similarly, expansion of circulating G-MDSCs was found to be correlated with higher stage and histological 
grade of malignancy, indicating their role in cancer progression [48]. Importantly, high levels of MDSCs 
were inversely correlated with vaccination responsiveness against the tumor antigen mucin 1 (MUC1) 
in patients with advanced colonic adenomas [67]. A recent study observed that level of PMN-MDSCs was 
significantly increased in the peritoneal cavity, blood, and spleen of CRC-derived peritoneal dissemination 
mice model [68], suggesting that targeted therapy of PMN-MDSCs would provide new therapeutic values 
for CRC-derived peritoneal dissemination.

Targeting MDSCs
Immune suppression plays important roles in the progression of tumors, and it is associated with the 
failure of cancer immunotherapies. MDSC levels were found to be positively correlated with cancer 
growth and progression, and their presence commonly reduces the efficiency of immunotherapies [69]. 
Some of the immune suppressive factors in the TME must be eliminated for cancer immunotherapy to be 
more effective [6, 69, 70]. Recently, several studies have described the use of different small molecules, 
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nucleotides, conjugates, vitamins, and immunotherapeutic modalities, which are able to inhibit the 
suppressive activity of MDSCs in cancers [42, 71, 72], and achieve superior immunotherapeutic tumor 
control by radiotherapy [73]. However, there are limited studies on targeting MDSC in CRC patients, and 
we briefly discuss these studies below. Targeting of MDSC could be exploited in different ways including 
MDSC depletion, inhibiting MDSCs function and recruitment, or enhancing MDSCs differentiation, as 
described below and in Figure 2.

MDSC depletion
Several studies have found that some cytotoxic anti-cancer agents could stimulate the immune system 
by depletion of MDSCs (Figure 2) [74–76]. 5-Fluorouracil (5-FU) and Gemcitabine have been found to 
specifically decrease the frequency of MDSCs in the spleen of animals bearing large tumors with no 
effect on T cells, DCs, natural killer (NK) cells, or B cells [75, 76]. Moreover, FOLFOX (folinic acid, 5-FU, 
and oxaliplatin) treatment protocol might be linked to a reduction in MDSC numbers and restoration 
of anti-tumor immunity, which resulted in less immunosuppression and a better clinical outcome in CRC 
patients [38, 77]. In addition, zoledronic acid suppressed tumor growth rate by inhibiting intratumoral 
MDSC accumulation in pancreatic cancer [78]. Also, Veltman et al. [79], found that treatment of mice 
carrying mesothelioma tumor cells with dietary celecoxib inhibited the local and systemic expansion of all 
MDSC subtypes.

Regarding CRC, it was reported that administration of celecoxib, a selective COX-2 inhibitor, 
significantly decreased the frequency of Gr1+CD11b+ immature myeloid-suppressor cells (I-MSCs) during 
chemoprevention of 1,2-dimethylhydrazine diHCl-(1,2-DMH) in CRC mice [80]. Moreover, treatment with 
gemcitabine reduced the tumor-suppressive environment by removing myeloid-derived CD11b+/Gr-1+ 
suppressor cells in breast cancer and CRC [81]. A recent study found that 5-FU suppressed sensitive 
MDSCs in CRC mouse models [82]. According to their hypothesis, some of the heterogeneous MDSCs are 
resistant to 5-FU, and 5-FU treatment removes only the sensitive MDSCs [82]. Moreover, administration 
of anti-VEGF (bevacizumab) was related with a reduction in the concentration of immature progenitor 
cells and generated a moderate rise in DC population in the peripheral blood of CRC patients [83]. 
Interestingly, high levels of MDSCs in the peripheral blood of CRC patients were reduced by using tumor 
necrosis factor-related apoptosis-inducing ligand receptor 2 (TRAIL-R2) agonistic antibody (DS-8273a) 
without affecting the frequencies of myeloid and lymphoid cell populations [84]. However, in numerous 
CRC patients, MDSC returned to pre-treatment levels by day 42 [84]. A recent study found that the 
anti-CD33 immunotoxin (gemtuzumab ozogamicin) could decrease MDSCs, opening the door for using it to 

Figure 2. Potential strategies of MDSC targeting in human and mice models. MDSC-targeting agents are now being 
investigated in four major ways: MDSC depletion; inhibiting MDSC function; inhibiting MDSC recruitment; enhancing MDSC 
differentiation. ATRA: all-trans retinoic acid; CpG: cytosine-phosphate-guanosine; CCR2: C-C motif chemokine receptor 2; * human
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reactivate T cells and chimeric-antigen receptor T cell (CAR-T) against various malignancies such as CRC, 
breast cancer, and melanoma [85].

Inhibition of MDSC function and recruitment
MDSCs suppress the immune system by mainly producing two enzymes [ARG and nitric oxide synthase 
(NOS)], which metabolize the L-arginine. Nitric oxide (NO)-releasing aspirin (NCX-4016) was able to 
regulate the immunological state of hosts that had tumors, and it also increased the quantity and 
function of T cells that were specific for tumor antigens by suppressing ARG and NOS activities in 
the CRC mice model [86]. Moreover, amiloride, an antihypertensive drug, inhibited the formation of 
tumor-derived exosomes (TDEs) and reduced the suppressive functions of MDSCs in human CRC and 
mice models [87]. A study found that administration of sunitinib, a tyrosine kinase inhibitor, to several 
types of cancer including CRC, reduced phosphorylated STAT3 and ARG levels in M-MDSC, and increased 
T-cell proliferation [88]. Furthermore, treatment with synthetic triterpenoid C-28 methyl ester of 
2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO-Me, bardoxolone methyl) was found to suppress 
the activity of MDSCs in a murine MC38 tumor host [89]. However, the proportions of MDSCs in the 
spleens were unaffected by this triterpenoid but their suppressive action was eliminated [89]. Another 
study demonstrated that sildenafil, a phosphodiesterase-5 inhibitor, regulated inflammation in the TME 
through inhibiting MDSC infiltration into tumor tissues in azoxymethane (AOM)/dextran sodium 
sulfate (DSS)-induced colonic tumorigenesis model [90]. Moreover, Liang et al. [91], found that treatment 
with anti-CCR2 antibody could decrease radiation-induced infiltration of M-MDSC in irradiated MC38 
colon tumors.

Enhancing MDSC differentiation
By knowing that the immune suppressive characteristics of MDSCs relate to their immature phase, 
pushing them to continue differentiation into mature myeloid cells could reduce their immune 
suppressive role (Figure 2) [92]. IL-12 [93], vitamin D3 [94], vitamin A [92, 95, 96], curcumin [97, 98], 
and cucurbitacin B [a selective inhibitor of Janus kinase 2 (JAK2)/STAT3] [99] are molecules that 
may induce MDSCs to differentiate into mature myeloid cells in several types of cancer [99]. In CRC 
mouse model, Daurkin et al. [100], demonstrated that tumor-infiltrating CD11b myeloid cells could 
be differentiated into mature myeloid cells in the presence of DNA demethylating agent 5-aza-2’-
deoxycytidine (decitabine) (Figure 2). A recent study found that ATRA had potent activity in eliminating 
MDSCs by specifically up-regulating gene expression and protein level of glutathione synthase (GSS) in 
MDSCs, leading to their differentiation into mature myeloid cells in tumor-bearing mice (Figure 2) [96]. 
Moreover, another study showed that activation of Toll-like receptor-9 (TLR-9) by CpG (TLR-9 ligand) 
enhanced the maturation and differentiation of MDSCs, and effectively decreased the percentage of Ly6Ghi 
MDSCs in melanoma and CRC tumor models [101].

Conclusions
In recent years, there has been increasing evidence that MDSCs play critical roles in modulating immune 
responses in a variety of pathological diseases, including cancers. A growing number of studies have 
reported the relationship between levels of MDSCs and tumorigenesis in CRC. MDSCs contribute to 
the advancement of CRC by suppressing anti-tumor activity. Obviously, levels of MDSCs correlate with 
the higher stage and histological grade of CRC. Based on available studies, we may need to categorize 
patients according to MDSC levels in peripheral and tumor tissues in order to select the most effective 
therapy and create innovative therapeutics for targeting MDSCs. Furthermore, monotherapies targeting 
MDSCs have shown some promise with limited success. Identifying these cells in human cancers is a 
challenge because of their wide heterogeneity. Further studies are needed to improve our understanding of 
MDSCs and their effects.

The origins of MDSCs, as well as the mechanisms by which they mediate immunosuppression, have 
recently been clarified. Obviously, several studies found that expansion of MDSCs in the periphery and 
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tumor tissues was associated with poor prognosis. Unfortunately, the variety of cut-off values defining 
high levels of MDSCs in each study might be one of the studies’ limitations. In future studies, significant 
efforts should be made to explore if targeting certain MDSC subsets could have the potential to improve 
clinical outcomes in cancer patients.

Abbreviations
5-FU: 5-Fluorouracil
ARG: arginase
CAC: colitis-associated cancer
CCL2: C-C motif chemokine ligand 2
CRC: colorectal cancer
CXCR2: C-X-C motif chemokine receptor 2
DCs: dendritic cells
e-MDSCs: early-stage myeloid-derived suppressor cells
GMCs: granulocytic myeloid cells
G-MDSCs: granulocytic myeloid-derived suppressor cells
IL-3: interleukin-3
MDSCs: myeloid-derived suppressor cells
M-MDSCs: monocytic myeloid-derived suppressor cells
PGE2: prostaglandin E2
PMN-MDSCs: polymorphonuclear myeloid-derived suppressor cells
PTEN: phosphatase and tensin homologue
RIPK3: receptor-interacting protein kinase 3
STAT3: signal transducer and activator of transcription-3
TME: tumor microenvironment
VEGF: vascular endothelial growth factor
YAP1: Yes-associated protein 1

Declarations
Author contributions
MAA wrote the manuscript. EE conceived the idea, wrote and revised the manuscript. All authors were 
involved in the final approval of the manuscript.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate
Not applicable.

Consent to publication
Not applicable.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 505

Availability of data and materials
Not applicable.

Funding
Not applicable.

Copyright
© The Author(s) 2022.

References
1. Condamine T, Gabrilovich DI. Molecular mechanisms regulating myeloid-derived suppressor cell 

differentiation and function. Trends Immunol. 2011;32:19–25.
2. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of the immune system. Nat Rev 

Immunol. 2009;9:162–74.
3. Gabrilovich DI. Myeloid-derived suppressor cells. Cancer Immunol Res. 2017;5:3–8.
4. Meirow Y, Kanterman J, Baniyash M. Paving the road to tumor development and spreading: 

myeloid-derived suppressor cells are ruling the fate. Front Immunol. 2015;6:523.
5. Loftus TJ, Mohr AM, Moldawer LL. Dysregulated myelopoiesis and hematopoietic function following 

acute physiologic insult. Curr Opin Hematol. 2018;25:37–43.
6. Fleming V, Hu X, Weber R, Nagibin V, Groth C, Altevogt P, et al. Targeting myeloid-derived suppressor 

cells to bypass tumor-induced immunosuppression. Front Immunol. 2018;9:398.
7. Sacchi A, Grassi G, Bordoni V, Lorenzini P, Cimini E, Casetti R, et al. Early expansion of myeloid-derived 

suppressor cells inhibits SARS-CoV-2 specific T-cell response and may predict fatal COVID-19 outcome. 
Cell Death Dis. 2020;11:921.

8. Talmadge JE, Gabrilovich DI. History of myeloid-derived suppressor cells. Nat Rev Cancer. 
2013;13:739–52.

9. Rajabinejad M, Salari F, Gorgin Karaji A, Rezaiemanesh A. The role of myeloid-derived suppressor 
cells in the pathogenesis of rheumatoid arthritis; anti- or pro-inflammatory cells? Artif Cells Nanomed 
Biotechnol. 2019;47:4149–58.

10. Kumar V, Patel S, Tcyganov E, Gabrilovich DI. The nature of myeloid-derived suppressor cells in the 
tumor microenvironment. Trends Immunol. 2016;37:208–20.

11. Toor SM, Khalaf S, Murshed K, Abu Nada M, Elkord E. Myeloid cells in circulation and tumor 
microenvironment of colorectal cancer patients with early and advanced disease stages. J Immunol Res. 
2020;2020:9678168.

12. Cassetta L, Bruderek K, Skrzeczynska-Moncznik J, Osiecka O, Hu X, Rundgren IM, et al. Differential 
expansion of circulating human MDSC subsets in patients with cancer, infection and inflammation. J 
Immunother Cancer. 2020;8:e001223.

13. Mandruzzato S, Solito S, Falisi E, Francescato S, Chiarion-Sileni V, Mocellin S, et al. IL4Ralpha+ 
myeloid-derived suppressor cell expansion in cancer patients. J Immunol. 2009;182:6562–8.

14. Liu CY, Wang YM, Wang CL, Feng PH, Ko HW, Liu YH, et al. Population alterations of L-arginase- and 
inducible nitric oxide synthase-expressed CD11b+/CD14–/CD15+/CD33+ myeloid-derived suppressor 
cells and CD8+ T lymphocytes in patients with advanced-stage non-small cell lung cancer. J Cancer Res 
Clin Oncol. 2010;136:35–45.

15. Vuk-Pavlović S, Bulur PA, Lin Y, Qin R, Szumlanski CL, Zhao X, et al. Immunosuppressive CD14+HLA-
DRlow/– monocytes in prostate cancer. Prostate. 2010;70:443–55.

16. Khaled YS, Ammori BJ, Elkord E. Increased levels of granulocytic myeloid-derived suppressor cells in 
peripheral blood and tumour tissue of pancreatic cancer patients. J Immunol Res. 2014;2014:879897.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 506

17. Cha YJ, Koo JS. Role of tumor-associated myeloid cells in breast cancer. Cells. 2020;9:1785.
18. Sun HL, Zhou X, Xue YF, Wang K, Shen YF, Mao JJ, et al. Increased frequency and clinical significance 

of myeloid-derived suppressor cells in human colorectal carcinoma. World J Gastroenterol. 
2012;18:3303–9.

19. Yin K, Xia X, Rui K, Wang T, Wang S. Myeloid-derived suppressor cells: a new and pivotal player in 
colorectal cancer progression. Front Oncol. 2020;10:610104.

20. Zhang B, Wang Z, Wu L, Zhang M, Li W, Ding J, et al. Circulating and tumor-infiltrating myeloid-derived 
suppressor cells in patients with colorectal carcinoma. PLoS One. 2013;8:e57114.

21. Umansky V, Sevko A, Gebhardt C, Utikal J. Myeloid-derived suppressor cells in malignant melanoma. J 
Dtsch Dermatol Ges. 2014;12:1021–7. German.

22. Srivastava MK, Bosch JJ, Thompson JA, Ksander BR, Edelman MJ, Ostrand-Rosenberg S. Lung cancer 
patients’ CD4+ T cells are activated in vitro by MHC II cell-based vaccines despite the presence of 
myeloid-derived suppressor cells. Cancer Immunol Immunother. 2008;57:1493–504.

23. Corzo CA, Cotter MJ, Cheng P, Cheng F, Kusmartsev S, Sotomayor E, et al. Mechanism regulating reactive 
oxygen species in tumor-induced myeloid-derived suppressor cells. J Immunol. 2009;182:5693–701.

24. Gabitass RF, Annels NE, Stocken DD, Pandha HA, Middleton GW. Elevated myeloid-derived suppressor 
cells in pancreatic, esophageal and gastric cancer are an independent prognostic factor and are 
associated with significant elevation of the Th2 cytokine interleukin-13. Cancer Immunol Immunother. 
2011;60:1419–30.

25. Zea AH, Rodriguez PC, Atkins MB, Hernandez C, Signoretti S, Zabaleta J, et al. Arginase-producing 
myeloid suppressor cells in renal cell carcinoma patients: a mechanism of tumor evasion. Cancer Res. 
2005;65:3044–8.

26. Lindau D, Gielen P, Kroesen M, Wesseling P, Adema GJ. The immunosuppressive tumour network: 
myeloid-derived suppressor cells, regulatory T cells and natural killer T cells. Immunology. 
2013;138:105–15.

27. Motallebnezhad M, Jadidi-Niaragh F, Qamsari ES, Bagheri S, Gharibi T, Yousefi M. The immunobiology 
of myeloid-derived suppressor cells in cancer. Tumour Biol. 2016;37:1387–406.

28. Wang L, Chang EW, Wong SC, Ong SM, Chong DQ, Ling KL. Increased myeloid-derived suppressor cells 
in gastric cancer correlate with cancer stage and plasma S100A8/A9 proinflammatory proteins. J 
Immunol. 2013;190:794–804.

29. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of myeloid cells by tumours. 
Nat Rev Immunol. 2012;12:253–68.

30. Rodriguez PC, Ernstoff MS, Hernandez C, Atkins M, Zabaleta J, Sierra R, et al. Arginase I-producing 
myeloid-derived suppressor cells in renal cell carcinoma are a subpopulation of activated granulocytes. 
Cancer Res. 2009;69:1553–60.

31. Young MR, Wright MA, Matthews JP, Malik I, Prechel M. Suppression of T cell proliferation by 
tumor-induced granulocyte-macrophage progenitor cells producing transforming growth factor-beta 
and nitric oxide. J Immunol. 1996;156:1916–22.

32. Gneo L, Rizkalla N, Hejmadi R, Mussai F, de Santo C, Middleton G. TGF-β orchestrates the phenotype 
and function of monocytic myeloid-derived suppressor cells in colorectal cancer. Cancer Immunol 
Immunother. 2022;71:1583–96.

33. Huang B, Pan PY, Li Q, Sato AI, Levy DE, Bromberg J, et al. Gr-1+CD115+ immature myeloid suppressor 
cells mediate the development of tumor-induced T regulatory cells and T-cell anergy in tumor-bearing 
host. Cancer Res. 2006;66:1123–31.

34. Hoechst B, Gamrekelashvili J, Manns MP, Greten TF, Korangy F. Plasticity of human Th17 cells and 
iTregs is orchestrated by different subsets of myeloid cells. Blood. 2011;117:6532–41.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 507

35. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2018;68:394–424. Erratum in: CA Cancer J Clin. 2020;70:313.

36. Xie YH, Chen YX, Fang JY. Comprehensive review of targeted therapy for colorectal cancer. Signal 
Transduct Target Ther. 2020;5:22.

37. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature. 2008;454:436–44.
38. Kanterman J, Sade-Feldman M, Biton M, Ish-Shalom E, Lasry A, Goldshtein A, et al. Adverse 

immunoregulatory effects of 5FU and CPT11 chemotherapy on myeloid-derived suppressor cells and 
colorectal cancer outcomes. Cancer Res. 2014;74:6022–35.

39. Terzić J, Grivennikov S, Karin E, Karin M. Inflammation and colon cancer. Gastroenterology. 
2010;138:2101–14.e5.

40. Ostrand-Rosenberg S, Sinha P. Myeloid-derived suppressor cells: linking inflammation and cancer. J 
Immunol. 2009;182:4499–506.

41. Sieminska I, Baran J. Myeloid-derived suppressor cells in colorectal cancer. Front Immunol. 2020;11:1526.

42. De Cicco P, Ercolano G, Ianaro A. The new era of cancer immunotherapy: targeting myeloid-derived 
suppressor cells to overcome immune evasion. Front Immunol. 2020;11:1680.

43. OuYang LY, Wu XJ, Ye SB, Zhang RX, Li ZL, Liao W, et al. Tumor-induced myeloid-derived suppressor cells 
promote tumor progression through oxidative metabolism in human colorectal cancer. J Transl Med. 
2015;13:47.

44. Yan J, Huang J. Innate γδT17 cells convert cancer-elicited inflammation into immunosuppression 
through myeloid-derived suppressor cells. Oncoimmunology. 2014;3:e953423.

45. Wu P, Wu D, Ni C, Ye J, Chen W, Hu G, et al. γδT17 cells promote the accumulation and expansion of 
myeloid-derived suppressor cells in human colorectal cancer. Immunity. 2014;40:785–800.

46. Zhang Y, Wang J, Wang W, Tian J, Yin K, Tang X, et al. IL-17A produced by peritoneal macrophages 
promote the accumulation and function of granulocytic myeloid-derived suppressor cells in the 
development of colitis-associated cancer. Tumour Biol. 2016;37:15883–91.

47. Yang R, Cai TT, Wu XJ, Liu YN, He J, Zhang XS, et al. Tumour YAP1 and PTEN expression correlates 
with tumour-associated myeloid suppressor cell expansion and reduced survival in colorectal cancer. 
Immunology. 2018;155:263–72.

48. Toor SM, Syed Khaja AS, El Salhat H, Bekdache O, Kanbar J, Jaloudi M, et al. Increased levels of circulating 
and tumor-infiltrating granulocytic myeloid cells in colorectal cancer patients. Front Immunol. 
2016;7:560.

49. Pugh S, Thomas GA. Patients with adenomatous polyps and carcinomas have increased colonic mucosal 
prostaglandin E2. Gut. 1994;35:675–8.

50. Wang D, Wang H, Brown J, Daikoku T, Ning W, Shi Q, et al. CXCL1 induced by prostaglandin E2 
promotes angiogenesis in colorectal cancer. J Exp Med. 2006;203:941–51.

51. Katoh H, Wang D, Daikoku T, Sun H, Dey SK, Dubois RN. CXCR2-expressing myeloid-derived suppressor 
cells are essential to promote colitis-associated tumorigenesis. Cancer Cell. 2013;24:631–44.

52. Chun E, Lavoie S, Michaud M, Gallini CA, Kim J, Soucy G, et al. CCL2 promotes colorectal carcinogenesis 
by enhancing polymorphonuclear myeloid-derived suppressor cell population and function. Cell Rep. 
2015;12:244–57.

53. Fědorová L, Pilátová K, Selingerová I, Bencsiková B, Budinská E, Zwinsová B, et al. Circulating 
myeloid-derived suppressor cell subsets in patients with colorectal cancer - exploratory analysis of their 
biomarker potential. Klin Onkol. 2018;31:88–92.

54. Yan G, Zhao H, Zhang Q, Zhou Y, Wu L, Lei J, et al. A RIPK3-PGE2 circuit mediates myeloid-derived 
suppressor cell-potentiated colorectal carcinogenesis. Cancer Res. 2018;78:5586–99.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 508

55. Karakasheva TA, Dominguez GA, Hashimoto A, Lin EW, Chiu C, Sasser K, et al. CD38+ M-MDSC expansion 
characterizes a subset of advanced colorectal cancer patients. JCI Insight. 2018;3:e97022.

56. Wang Y, Yin K, Tian J, Xia X, Ma J, Tang X, et al. Granulocytic myeloid-derived suppressor cells promote 
the stemness of colorectal cancer cells through exosomal S100A9. Adv Sci (Weinh). 2019;6:1901278.

57. Asfaha S, Dubeykovskiy AN, Tomita H, Yang X, Stokes S, Shibata W, et al. Mice that express human 
interleukin-8 have increased mobilization of immature myeloid cells, which exacerbates inflammation 
and accelerates colon carcinogenesis. Gastroenterology. 2013;144:155–66.

58. Lin Q, Ren L, Jian M, Xu P, Li J, Zheng P, et al. The mechanism of the premetastatic niche facilitating 
colorectal cancer liver metastasis generated from myeloid-derived suppressor cells induced by the 
S1PR1-STAT3 signaling pathway. Cell Death Dis. 2019;10:693.

59. Sasidharan Nair V, Saleh R, Toor SM, Taha RZ, Ahmed AA, Kurer MA, et al. Transcriptomic profiling 
disclosed the role of DNA methylation and histone modifications in tumor-infiltrating myeloid-derived 
suppressor cell subsets in colorectal cancer. Clin Epigenetics. 2020;12:13.

60. Limagne E, Euvrard R, Thibaudin M, Rébé C, Derangère V, Chevriaux A, et al. Accumulation of MDSC and 
Th17 cells in patients with metastatic colorectal cancer predicts the efficacy of a FOLFOX-bevacizumab 
drug treatment regimen. Cancer Res. 2016;76:5241–52.

61. Tada K, Kitano S, Shoji H, Nishimura T, Shimada Y, Nagashima K, et al. Pretreatment immune status 
correlates with progression-free survival in chemotherapy-treated metastatic colorectal cancer 
patients. Cancer Immunol Res. 2016;4:592–9.

62. Jiang H, Gebhardt C, Umansky L, Beckhove P, Schulze TJ, Utikal J, et al. Elevated chronic inflammatory 
factors and myeloid-derived suppressor cells indicate poor prognosis in advanced melanoma patients. 
Int J Cancer. 2015;136:2352–60.

63. Gao XH, Tian L, Wu J, Ma XL, Zhang CY, Zhou Y, et al. Circulating CD14+HLA-DR–/low myeloid-derived 
suppressor cells predicted early recurrence of hepatocellular carcinoma after surgery. Hepatol Res. 
2017;47:1061–71.

64. Yang G, Shen W, Zhang Y, Liu M, Zhang L, Liu Q, et al. Accumulation of myeloid-derived suppressor cells 
(MDSCs) induced by low levels of IL-6 correlates with poor prognosis in bladder cancer. Oncotarget. 
2017;8:38378–88.

65. Wang Z, Jiang R, Li Q, Wang H, Tao Q, Zhai Z. Elevated M-MDSCs in circulation are indicative of poor 
prognosis in diffuse large B-cell lymphoma patients. J Clin Med. 2021;10:1768.

66. Siemińska I, Węglarczyk K, Walczak M, Czerwińska A, Pach R, Rubinkiewicz M, et al. Mo-MDSCs are 
pivotal players in colorectal cancer and may be associated with tumor recurrence after surgery. Transl 
Oncol. 2022;17:101346.

67. Kimura T, McKolanis JR, Dzubinski LA, Islam K, Potter DM, Salazar AM, et al. MUC1 vaccine for individuals 
with advanced adenoma of the colon: a cancer immunoprevention feasibility study. Cancer Prev Res 
(Phila). 2013;6:18–26.

68. Saito M, Sugita Y, Yamashita K, Fujita M, Yamada K, Agawa K, et al. Abstract 2519: polymorphonuclear 
myeloid-derived suppressor cells reflect the status of peritoneal dissemination in colon cancer mouse 
model. Cancer Res. 2022;82:2519.

69. Liu Y, Wei G, Cheng WA, Dong Z, Sun H, Lee VY, et al. Targeting myeloid-derived suppressor cells for 
cancer immunotherapy. Cancer Immunol Immunother. 2018;67:1181–95.

70. Wang Q, Shen X, Chen G, Du J. Drug resistance in colorectal cancer: from mechanism to clinic. Cancers 
(Basel). 2022;14:2928.

71. Hao Z, Li R, Wang Y, Li S, Hong Z, Han Z. Landscape of myeloid-derived suppressor cell in tumor 
immunotherapy. Biomark Res. 2021;9:77. Erratum in: Biomark Res. 2022;10:7.

72. Li K, Shi H, Zhang B, Ou X, Ma Q, Chen Y, et al. Myeloid-derived suppressor cells as immunosuppressive 
regulators and therapeutic targets in cancer. Signal Transduct Target Ther. 2021;6:362.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 509

73. Jiménez-Cortegana C, Galassi C, Klapp V, Gabrilovich DI, Galluzzi L. Myeloid-derived suppressor cells 
and radiotherapy. Cancer Immunol Res. 2022;10:545–57.

74. Annels NE, Shaw VE, Gabitass RF, Billingham L, Corrie P, Eatock M, et al. The effects of gemcitabine 
and capecitabine combination chemotherapy and of low-dose adjuvant GM-CSF on the levels of 
myeloid-derived suppressor cells in patients with advanced pancreatic cancer. Cancer Immunol 
Immunother. 2014;63:175–83.

75. Vincent J, Mignot G, Chalmin F, Ladoire S, Bruchard M, Chevriaux A, et al. 5-Fluorouracil selectively kills 
tumor-associated myeloid-derived suppressor cells resulting in enhanced T cell-dependent antitumor 
immunity. Cancer Res. 2010;70:3052–61.

76. Suzuki E, Kapoor V, Jassar AS, Kaiser LR, Albelda SM. Gemcitabine selectively eliminates splenic Gr-1+/
CD11b+ myeloid suppressor cells in tumor-bearing animals and enhances antitumor immune activity. 
Clin Cancer Res. 2005;11:6713–21.

77. Weber R, Fleming V, Hu X, Nagibin V, Groth C, Altevogt P, et al. Myeloid-derived suppressor cells hinder 
the anti-cancer activity of immune checkpoint inhibitors. Front Immunol. 2018;9:1310.

78. Porembka MR, Mitchem JB, Belt BA, Hsieh CS, Lee HM, Herndon J, et al. Pancreatic adenocarcinoma 
induces bone marrow mobilization of myeloid-derived suppressor cells which promote primary tumor 
growth. Cancer Immunol Immunother. 2012;61:1373–85.

79. Veltman JD, Lambers ME, van Nimwegen M, Hendriks RW, Hoogsteden HC, Aerts JG, et al. COX-2 
inhibition improves immunotherapy and is associated with decreased numbers of myeloid-derived 
suppressor cells in mesothelioma. Celecoxib influences MDSC function. BMC Cancer. 2010;10:464.

80. Talmadge JE, Hood KC, Zobel LC, Shafer LR, Coles M, Toth B. Chemoprevention by cyclooxygenase-2 
inhibition reduces immature myeloid suppressor cell expansion. Int Immunopharmacol. 2007;7:140–51.

81. Ko HJ, Kim YJ, Kim YS, Chang WS, Ko SY, Chang SY, et al. A combination of chemoimmunotherapies can 
efficiently break self-tolerance and induce antitumor immunity in a tolerogenic murine tumor model. 
Cancer Res. 2007;67:7477–86.

82. Klement JD, Paschall AV, Savage NM, Nayak-Kapoor A, Liu K. 5- Fluorouracil regulation of myeloid-
derived suppressor cell differentiation in vitro and in vivo. J Immunol. 2017;198:205.5.

83. Osada T, Chong G, Tansik R, Hong T, Spector N, Kumar R, et al. The effect of anti-VEGF therapy 
on immature myeloid cell and dendritic cells in cancer patients. Cancer Immunol Immunother. 
2008;57:1115–24.

84. Dominguez GA, Condamine T, Mony S, Hashimoto A, Wang F, Liu Q, et al. Selective targeting of 
myeloid-derived suppressor cells in cancer patients using DS-8273a, an agonistic TRAIL-R2 antibody. 
Clin Cancer Res. 2017;23:2942–50.

85. Fultang L, Panetti S, Ng M, Collins P, Graef S, Rizkalla N, et al. MDSC targeting with gemtuzumab 
ozogamicin restores T cell immunity and immunotherapy against cancers. EBioMedicine. 
2019;47:235–46.

86. De Santo C, Serafini P, Marigo I, Dolcetti L, Bolla M, Del Soldato P, et al. Nitroaspirin corrects immune 
dysfunction in tumor-bearing hosts and promotes tumor eradication by cancer vaccination. Proc Natl 
Acad Sci U S A. 2005;102:4185–90.

87. Chalmin F, Ladoire S, Mignot G, Vincent J, Bruchard M, Remy-Martin JP, et al. Membrane-associated 
Hsp72 from tumor-derived exosomes mediates STAT3-dependent immunosuppressive function of 
mouse and human myeloid-derived suppressor cells. J Clin Invest. 2010;120:457–71.

88. Chen HM, Ma G, Gildener-Leapman N, Eisenstein S, Coakley BA, Ozao J, et al. Myeloid-derived 
suppressor cells as an immune parameter in patients with concurrent sunitinib and stereotactic body 
radiotherapy. Clin Cancer Res. 2015;21:4073–85.

https://doi.org/10.37349/etat.2022.00097


Explor Target Antitumor Ther. 2022;3:497–510 | https://doi.org/10.37349/etat.2022.00097 Page 510

89. Nagaraj S, Youn JI, Weber H, Iclozan C, Lu L, Cotter MJ, et al. Anti-inflammatory triterpenoid blocks 
immune suppressive function of MDSCs and improves immune response in cancer. Clin Cancer Res. 
2010;16:1812–23.

90. Lin S, Wang J, Wang L, Wen J, Guo Y, Qiao W, et al. Phosphodiesterase-5 inhibition suppresses colonic 
inflammation-induced tumorigenesis via blocking the recruitment of MDSC. Am J Cancer Res. 
2017;7:41–52. Erratum in: Am J Cancer Res. 2018;8:2590.

91. Liang H, Deng L, Hou Y, Meng X, Huang X, Rao E, et al. Host STING-dependent MDSC mobilization drives 
extrinsic radiation resistance. Nat Commun. 2017;8:1736.

92. Hengesbach LM, Hoag KA. Physiological concentrations of retinoic acid favor myeloid dendritic 
cell development over granulocyte development in cultures of bone marrow cells from mice. J Nutr. 
2004;134:2653–9.

93. Steding CE, Wu ST, Zhang Y, Jeng MH, Elzey BD, Kao C. The role of interleukin-12 on modulating 
myeloid-derived suppressor cells, increasing overall survival and reducing metastasis. Immunology. 
2011;133:221–38.

94. Wiers KM, Lathers DM, Wright MA, Young MR. Vitamin D3 treatment to diminish the levels of immune 
suppressive CD34+ cells increases the effectiveness of adoptive immunotherapy. J Immunother. 
2000;23:115–24.

95. Kusmartsev S, Cheng F, Yu B, Nefedova Y, Sotomayor E, Lush R, et al. All-trans-retinoic acid eliminates 
immature myeloid cells from tumor-bearing mice and improves the effect of vaccination. Cancer Res. 
2003;63:4441–9.

96. Nefedova Y, Fishman M, Sherman S, Wang X, Beg AA, Gabrilovich DI. Mechanism of all-trans retinoic acid 
effect on tumor-associated myeloid-derived suppressor cells. Cancer Res. 2007;67:11021–8. Erratum 
in: Cancer Res. 2008;68:626.

97. Tu SP, Jin H, Shi JD, Zhu LM, Suo Y, Lu G, et al. Curcumin induces the differentiation of myeloid-derived 
suppressor cells and inhibits their interaction with cancer cells and related tumor growth. Cancer Prev 
Res (Phila). 2012;5:205–15.

98. Carroll RE, Benya RV, Turgeon DK, Vareed S, Neuman M, Rodriguez L, et al. Phase IIa clinical trial of 
curcumin for the prevention of colorectal neoplasia. Cancer Prev Res (Phila). 2011;4:354–64. Erratum 
in: Cancer Prev Res (Phila). 2012;5:1407.

99. Lu P, Yu B, Xu J. Cucurbitacin B regulates immature myeloid cell differentiation and enhances 
antitumor immunity in patients with lung cancer. Cancer Biother Radiopharm. 2012;27:495–503.

100. Daurkin I, Eruslanov E, Vieweg J, Kusmartsev S. Generation of antigen-presenting cells from 
tumor-infiltrated CD11b myeloid cells with DNA demethylating agent 5-aza-2’-deoxycytidine. Cancer 
Immunol Immunother. 2010;59:697–706.

101. Zoglmeier C, Bauer H, Noerenberg D, Wedekind G, Bittner P, Sandholzer N, et al. CpG blocks 
immunosuppression by myeloid-derived suppressor cells in tumor-bearing mice. Clin Cancer Res. 
2011;17:1765–75. Erratum in: Clin Cancer Res. 2017;23:1117.

https://doi.org/10.37349/etat.2022.00097

	Abstract 
	Keywords 
	Introduction 
	MDSCs in cancer 
	MDSCs in CRC 
	Prognostic significance of MDSCs in CRC 
	Targeting MDSCs 
	MDSC depletion 
	Inhibition of MDSC function and recruitment 
	Enhancing MDSC differentiation 

	Conclusions 
	Abbreviations 
	Declarations 
	Author contributions 
	Conflicts of interest 
	Ethical approval 
	Consent to participate 
	Consent to publication 
	Availability of data and materials 
	Funding 
	Copyright 

	References 

