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The emergence of immunotherapy has been an astounding breakthrough in cancer treatments. In particular,

immune checkpoint inhibitors, targeting PD-1 and CTLA-4, have shown remarkable therapeutic outcomes.

However, response rates from immunotherapy have been reported to be varied, with some having pronounced

success and others with minimal to no clinical benefit. An important aspect associated with this discrepancy in

patient response is the immune-suppressive effects elicited by the tumour microenvironment (TME). Immune

suppression plays a pivotal role in regulating cancer progression, metastasis, and reducing immunotherapy

success. Most notably, myeloid-derived suppressor cells (MDSC), a heterogeneous population of immature

myeloid cells, have potent mechanisms to inhibit T-cell and NK-cell activity to promote tumour growth, development

of the pre-metastatic niche, and contribute to resistance to immunotherapy. Accumulating research indicates that

MDSC can be a therapeutic target to alleviate their pro-tumourigenic functions and immunosuppressive activities to

bolster the efficacy of checkpoint inhibitors.

Myeloid derived suppressor cells  tumour microenvironment  immunotherapy  immune system

immune checkpoint inhibitors

1. Introduction

The immune system is a complex and dynamic system that operates through an intricate network of cellular

interactions and transient functional states. It is involved in various biological activities and is the sine qua non for

natural defense of the human body against pathological processes. In cancer progression, the immune system

plays a pivotal role where immune cells infiltrate tumours, co-evolving and cooperating with cancer cells to create

an inflammatory and immunosuppressive microenvironment to facilitate tumour growth and dissemination.

In the early stages of carcinogenesis, immunologically vulnerable neoplasms are contained and abrogated by

immune cells upon detection by immunosurveillance, a process where the immune system inhibits aberrant cell

growth. The elimination of immunogenic neoplasms creates a selective pressure that drives the propagation of

non-immunogenic clones with adapted mechanisms for immune evasion and survival. Paradoxically the

immunosurveillance process against tumour cells promotes the immunoselection of poorly immunogenic variants.

The continuous cycle of immune selection for resistant cancer variants leads to tumour escape through multiple

mechanisms, including reduced expression of tumour-associated antigens and co-stimulatory molecules, including

major histocompatibility complex (MHC) . Tumour cells can also hijack mechanisms that confer survival[1]
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advantages by increasing proliferation and/or reducing apoptosis . This paradigm of cancer “immunoediting”

describes the evolution and selection of cancer cells to develop clinically relevant tumours.

The development, survival, and spread of cancer cells involve a myriad of complex interactions between cancer

and immune cells; in which immune cells are involved in both pro-tumourigenic and anti-tumourigenic roles 

. The diverse immune milieu that exists within the tumour microenvironment (TME) secretes various signals that

orchestrate the development and progression of cancer through the selection of pro-tumourigenic characteristics

such as bypassing apoptotic pathways, immunoevasion, and maintaining inflammation and angiogenesis . As the

TME develops and evolves, immunosuppressive cells such as T-regulatory cells (Treg) and myeloid-derived

suppressor cells (MDSCs) are co-opted to inhibit the proliferation and activity of killer T cells; thereby promoting

tumour progression and metastasis. On the other hand, the immune system can be stimulated to elicit an immune

response that targets the tumour for eradication. Thus, the main theory of immunotherapy resides on the plasticity

of the immune system and its capacity to be re-educated into restoring a potent anti-tumourigenic response. Thus,

immunosuppressive cells within the TME have become a major target for improving the efficacy of immunotherapy,

and multiple therapeutic strategies have been developed in the last few years.

2. Targeting MDSCs in Cancer

The reduction in T-cell responsiveness by MDSCs is often associated with resistance against treatments, reducing

the efficacy of immunotherapies, and ultimately in patient outcomes . In breast cancer, circulating MDSCs

were associated with cancer stage and metastatic burden, ultimately resulting in poor patient outcomes . Clinical

trials have also revealed the correlation between patient response to CTLA-4 and PD-1 checkpoint inhibitors, and

the abundance of MDSC populations . Studies on MDSCs have been more focused on assessing the

dynamic roles of MDSC in immunosuppression and tumourigenesis, characterising their relationship with other cell

species within the TME, and identifying new targetable pathways to deplete MDSC populations or inhibit their

function . MDSCs can be targeted by (1) depletion of circulating and tumour-infiltrated MDSCs; (2) prevention of

MDSC recruitment and trafficking; (3) inhibition of MDSC immunosuppressive functions; and (4) differentiation of

MDSCs into a non-suppressive immune state (Figure 1).

[2]
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Figure 1.  Treatments used to target different mechanisms associated with pro-tumourigenic MDSC. There are

multiple therapeutic approaches against MDSC to restore anti-tumour functions in immune cells and improve

immunotherapy, in particular checkpoint inhibitors. These approaches include: (1) depleting MDSC populations

through low-dose chemotherapy and tyrosine kinase inhibitors; (2) preventing MDSC recruitment to the TME by

targeting chemokine receptors responsible for the recruitment and migration of MDSCs; (3) attenuating the

immunosuppressive mechanisms of MDSC by downregulating the expression of ARG1 and iNOS, and reducing

ROS generation; (4) inducing the differentiation of MDSC into mature myeloid cells to reduce MDSC population

and remove their immunosuppression.

2.1. Depleting MDSC Populations

Low dose chemotherapy has been shown to be effective in eliminating MDSC populations in tumour-bearing mice;

treatments with chemotherapy such as 5-fluorouracil (5FU), paclitaxel, cisplatin, and gemcitabine were found to

deplete MDSCs and enhance anti-tumour immune activity . However, a contrasting effect in the use of

chemotherapy against MDSC was observed where MDSCs were transiently induced following cyclophosphamide

treatment in tumour-bearing mice and patients .

[16][17][18][19]

[20][21]
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Signalling cascades involved in MDSC expansion has also been a target in reducing the amplification of MDSC

populations. For example, VEGF promotes the expansion of MDSCs, recruitment of Tregs, angiogenesis, and

tumour progression. To target this, the tyrosine kinase inhibitor Sunitinib has been used successfully to deplete

MDSC in patients suffering from renal cell carcinoma via blockade of VEGF and c-KIT signalling . In

addition, Sunitinib was found to also inhibit STAT3, and renal cell carcinoma patients treated with Sunitinib showed

a reversal in MDSC accumulation and consequently T-cell suppression . Finally, through a unique peptibody, Qin

et al. developed a novel therapeutic peptide-Fc fusion protein that targeted the S100A family proteins to selectively

deplete MDSCs without targeting other proinflammatory immune cells .

2.2. Blockade of MDSC Migration

As mentioned previously, it is strategically more effective to use therapeutic blockade to target chemokine

receptors on MDSCs owing to ligand redundancy. The chemokines receptor CCR5 plays a crucial role in the

chemotaxis of MDSC into the TME via the ligands CCL3, CCL4, and CCL5 . However, the expression is not

ubiquitous to all MDSCs; in melanoma mouse models and patients, MDSCs that express CCR5 were found to

have more potent immunosuppressive mechanisms compared to the ones that do not express CCR5 . Blattner

et al. demonstrated that the blockade of CCR5 inhibited the recruitment and immunosuppressive activity of MDSC

and improved survival in melanoma . Similarly, CCR5 antagonists inhibited the metastatic potential of basal

breast cancer and reduced tumour growth .

Elevated levels of CCL2 and CCL5 are present in the TME to recruit MDSC through the chemokine receptor

CXCR2 . CXCR2+ MDSC promoted tumour expansion, metastasis, EMT, and T-cell exhaustion in breast

cancer . By targeting CXCR2, MDSC populations were reduced and reported to decrease metastasis, promote

T-cell infiltration into the tumours, improve anti-PD1 therapy, and extend survival in pancreatic cancer .

Additionally, CXCR2 antagonists against MDSCs have been shown to enhance the therapeutic efficacy of PD-1

immunotherapy, T-cell transfer, and chemotherapy .

CSF-1R has also been a primary target to inhibit MDSC recruitment to the tumour site to constrain tumourgenesis.

CSF-1R is a tyrosine kinase receptor that when bound with its ligand CSF-1 promotes the differentiation and

expansion of myeloid cells into MDSC and TAMs in addition to promoting their migration to tumours . CSF-1R

has been found to be upregulated in several types of cancer, such as pancreatic and breast . Treatments

targeting the receptor or its ligand CSF-1R/CSF-1 has been found to improve T-cell responses and combining

CSF-1R inhibition with checkpoint blockades or adoptive T-cell transfer therapy resulted in improved anti-tumour T-

cell activity and tumour regression . CSF-1R inhibition and CXCR2 antagonism has also been used in

combination to reduce TAM and PMN-MDSC populations and improve anti PD-1 efficacy .

Currently, the following MDSC inhibitors are in clinical trials : Reparixin (CXCR2) is in Phase 2 clinical trials for

TNBC (NCT02370238); AZD5069 (CXCR2) is in Phase 1b/2 for advanced solid tumours and metastatic squamous

cell carcinoma (NCT02499328); Plexidartinib (CSF-1R) is in Phase 2 for recurrent glioblastoma (NCT01349036),

and Maraviroc (CCR5) is in Phase 1 for metastatic colorectal cancer (NCT01736813).
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2.3. Attenuating MDSC Immunosuppressive Functions

Mitigating the potent immunosuppressive mechanisms of MDSCs have been a major therapeutic target to re-

establishing T-cell activity and immunotherapy success. PGE2, as mentioned previously, is involved in

inflammation, angiogenesis, tumour progression via recruitment of MDSC, and is also involved in the expression of

one of the primary immunosuppressive mechanisms employed by MDSC: ARG1 . Since cyclooxygenase-2

(COX-2) is upstream of the PGE2 synthesis pathway, therapies targeting COX-2, such as celecoxib, have been of

great interest as a form of immunoregulatory treatment to suppress MDSC function whilst enhancing

immunotherapy . Disruption of the COX-2/PGE2 signalling has been successful in reducing MDSC recruitment

and differentiation, repressing MDSC-associated suppressive factors such as ARG1 expression and ROS

production, and shifting an inflammatory tumour profile to more anti-cancer immune rejection; consequently, COX-2

inhibition has resulted in improved CTL frequency and immune response, delayed tumour growth, and synergy

between checkpoint inhibitors and dendritic cell-based immunotherapy .

Phosphodiesterase-5 (PDE-5) inhibitors are also able to abrogate MDSC immunosuppressive mechanisms by

targeting MDSC expression and function of ARG1 and iNOS. Administration of PDE-5 inhibitors, such as sildenafil

and tadalafil, have reportedly reduced inflammation in the TME, restabilised anti-tumour immune rejection through

T-cell and NK cell activity, and prolonged survival in vivo . Clinical trials with PDE-5 inhibitors have also

shown positive results in head and neck squamous cell carcinoma and metastatic melanoma patients ,

abatement of MDSC and T-reg populations, enhanced intra-tumour T-cell activity, and improved patient outcome

.

Anti-inflammatory triterpenoids have been used to activate the Nrf2 gene in MDSCs. Nrf2 is involved in modulating

the expression of antioxidant enzymes, including NADPH, NQO1, and hemeoxygenase, and conferring

cytoprotection against oxidative stress . Selective activation of Nrf2 using synthetic triterpenoids, such as

CCDO-IM and CCDO-Me, has reduced intracellular ROS production (abrogating MDSC-driven

immunosuppression), reduced metastasis, and has shown promising anticancer results in Phase 1 clinical trials

that are well-tolerated with patients . Another target to reduce oxidative stress is NO. Nitroaspirin targets

iNOS to reduce ROS build-up; treatments have resulted in improved T-cell proliferation, function, invasion into the

tumour core, and suppressed tumourigenesis .

STAT3 inhibition is another promising target. The antisense oligonucleotide STAT3 inhibitor, AZD9150, has been

used in conjunction with immune checkpoint inhibitors in Phase 1b clinical trials for the treatment of diffuse large B-

cell lymphoma. Systemic administration of AZD9150 in patients showed a marked decrease in granulocytic MDSC

within the peripheral blood mononuclear cells (PBMC) .

2.4. Inducing MDSC Differentiation

Promoting the differentiation of IMC is another successful strategy in reducing MDSC populations and abolishing

their immunosuppressive functions. All-trans-retinoic acid (ATRA), an agonist of retinoid receptors, inhibits retinoic

signalling to shift the differentiation of MDSC into mature myeloid cells, such as macrophages and dendritic cells.

[43][44][45]
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ATRA treatment has resulted in a reduction in T-cell suppression by directly inducing differentiation of MDSCs into

mature antigen-presenting precursor cells . This reduction in MDSCs and improvement in T-cell response have

been observed in both mice and patients in various cancer types, such as renal cell carcinoma and small cell lung

carcinoma . The improvement by ATRA administration was reported to reduce circulating MDSC, enhance

cancer vaccine treatments, improve dendritic cell function, and ameliorate antigen-specific T-cell response .

The mechanism of ATRA-induced differentiation of MDSC was reported to be mediated by glutathione synthase

and neutralising ROS generation . In addition, the casein kinase inhibitor tetrabromocinnamic acid was also

shown to restore myeloid cell differentiation in tumour-bearing mice through improved Notch signalling .

Finally, epigenetic reprogramming is a novel avenue to target the pro-tumorigenic properties of MDSCs. The class I

histone deacetylase inhibitor (HDAC), entinostat, has shown positive results in neutralising MDSC through

epigenetic reprogramming in mouse models of pancreatic, breast, and lung cancers; and renal cell carcinoma 

. The combination of entinostat with immune checkpoint inhibitors have resulted in prolonged survival,

expansion of CD8  T cells, and inhibition of immunosuppressive functions in both M-MDSC and PMN-MDSC via

downregulation of ARG1, iNOS, and COX-2; overall, this resulted in a shift of the tumour dynamic into a more

immune-susceptible TME . Clinical trials involving entinostat are currently underway. However, clinical trials

ENCORE 602 (NCT02708680) and ENCORE 603 (NCT02915523) for TNBC and ovarian cancer, respectively,

have failed to increase progression-free survival. Another similar effect was observed with the use of the DNA

demethylating epigenetic agent 5-azacytidine, which resulted in a reduction of MDSC and Arg1 expression .

Application of other chemotherapies was also reported to induce MDSC differentiation into non-

immunosuppressive cell types. For example, docetaxel had a novel chemoimmunomodulatory effect by inhibiting

STAT3 phosphorylation and polarising MDSC differentiation into M1-like macrophages . Comparably, paclitaxel

was also reported to reduce MDSC populations by promoting MDSC differentiation into dendritic cells that were

independent of TLR-4 .

3. Combining MDSC-Targeted Treatments with
Immunotherapy

To improve the success of immunotherapy, there has been a paradigm shift—both the innate and adaptive layers

of the immune system are simultaneously targeted to alleviate the immunosuppressive TME and re-elicit the anti-

tumour response . As MDSCs are one of the primary immunosuppressive cells acting as an escape mechanism

for cancer cells by subverting immunosurveillance and abrogating T-cell activity, treatment strategies have been

shifting towards a combination of both targeting MDSCs and immunotherapy. Indeed, targeting MDSCs may be key

in diminishing tumour expansion and resensitising tumours to immune governance, thus overcoming MDSC-driven

immunosuppression (Figure 2). Targeting myeloid populations alone is often insufficient as an immune-based

monotherapy; however, there is compelling research and clinical trials that have shown promising results for

combination therapy.
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Figure 2.  Treatment of MDSC to alleviate an immunosuppressive environment as an approach to enhancing

immunotherapeutic treatments by shifting towards an immunosupportive TME. The immunosuppressive TME is

propagated by various suppressive cells such as MDSCs and Tregs. Recruitment of MDSC within the TME can

promote tumour expansion through various mechanisms (developing a pre-metastatic niche to help cancer cell

metastasis, inducing resistance to immunotherapy by preventing the infiltration of T-cell into the tumour,

suppressing and deactivating T-cell function, and inducing T-cell apoptosis) and recruitment of Tregs to further

amplify immunosuppression. Thus, MDSC is often associated with poor prognosis in patients. Anti-MDSC

treatments have become a major clinical target to re-establish immune control against cancer. By creating an

immunosupportive environment, T-cell activity is restored, which leads to improved immunotherapy efficacy.

Overall, this has resulted in prolonged survival and reduction of metastasis and tumour regression.

3.1. Checkpoint Inhibitors Combined with MDSC Depletion

Pre-clinical studies have demonstrated successful results when combining checkpoint inhibitor treatment with

MDSC depletion. Kim et al. showed that co-treatment using the epigenetic modulatory drugs, entinostat and 5-

azacytidine, with checkpoint inhibitors, anti-PD1 and anti-CTLA4, resulted in complete tumour regression and

metastatic progression in the aggressive TNBC model 4T1, with over 80% survival rate 100 days post-implantation

of the tumour . Interestingly, when entinostat and 5-azacytidine were used together but not in combination with

checkpoint inhibitors and vice versa, the primary tumours and metastasis remained, pointing to the synergistic

effects of combination therapy in targeting MDSC and immune checkpoints. Similar results were observed in

murine models of lung and renal cell carcinoma . In an HER2 transgenic breast cancer and a metastatic

pancreatic cancer mouse model, the entinostat-driven inhibition of MDSC activity with checkpoint inhibitor

treatment resulted in an upregulation of granzyme B-producing CD8   T-cells and improved the infiltration and

function of adaptive immune cells. Tumour-free survival was significantly improved in these highly aggressive

cancer types .

3.2. Immunotherapy Combined with Obstructing MDSC Trafficking Therapy

CXCR2+ MDSC were found to promote immune suppression when migrated to the TME; the efficacy of checkpoint

inhibition in a mice model of rhabdomyosarcoma was severely limited by MDSC . Disruption of CXCR2-
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mediated migration in MDSC was demonstrated to significantly improve anti-PD1 treatments. CXCR2+ MDSCs

were also found to have potent immunosuppressive properties in human paediatric sarcoma, and thus CXCR2 may

serve as a target to prevent MDSC recruitment to improve immunotherapeutic intervention. Furthermore, targeting

CXCR2 improved T-cell infiltration and when combined with anti-PD1 treatment, mice bearing pancreatic cancer

showed significantly extended survival . SX-682, a small molecule CXCR1 and CXCR2 inhibitor, was reported to

substantially reduce PMN-MDSC trafficking and infiltration to the tumour in mice . Reduction in intratumour

PMN-MDSC populations enhanced the accumulation of both endogenous T-cells and T-cells from adoptive

transfer. Similarly to epigenetic agents, SX-682 had little anti-tumour effect as a monotherapy, but in combination

therapy with checkpoint inhibitors and adoptive T-cell transfer therapy, it greatly enhanced their efficacy by

inhibiting the recruitment of tumour-infiltrated CXCR2+ PMN-MDSCs . SX-682 has been tested in conjunction

with Pembrolizumab in P1 clinical trials for metastatic melanoma (NCT03161431).
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