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Abstract:

Cancer remain a leading cause of death around the world. Although cancer immunotherapy is widely acknowledged as an
important treatment option for cancer, myeloid-derived suppressor cells (MDSCs) have been reported to be a major obstacle
to immunotherapy. MDSCs are typically absent or present in very low numbers in healthy individuals; however, they have
been reported to markedly increase in pathological conditions including cancer. MDSCs exhibit potent immunosuppressive
activity in the tumor microenvironment (TME) through multiple mechanisms, including accumulation of
immunosuppressive cells, such as regulatory T cells (Tregs) and tumor associated macrophages (TAMs), as well as the
production of reactive oxygen and nitrogen species. Cancer cachexia is characterized by weight loss and hypoalbuminemia,
and reported to relate with systemic inflammation that is one of the major inducers of MDSCs. An accumulation of MDSCs
is observed in patients with cachexia.

Therapeutic modalities targeting MDSCs are under development, with clinical trials currently in progress. Furthermore, in
the field of immune-oncology, novel cancer treatments leveraging advanced technologies to target MDSCs have also been
reported.
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Introduction

While the survival of cancer patients has been greatly extended in recent
years by innovative therapeutic approaches newly introduced to the field,
cancers still remain a leading cause of death worldwide [1]. One of the
most substantial advances in cancer therapy over the past decades has
been the development and success of immune checkpoint inhibitors
(ICIs), which can specifically activate immune cells by targeting immune
checkpoints, immunosuppressive molecules expressed on immune cells
[2].
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The process of myelopoiesis involves the differentiation of progenitor
cells and myeloid precursors into monocytes, granulocytes, and dendritic
cells (DCs) in healthy conditions. Immature myeloid cells (IMC),
including myeloid progenitor cells, do not exhibit immunosuppressive
activity under normal conditions. However, in chronic inflammatory
conditions, such as cancer, chronic infections, and autoimmune diseases,
IMC differentiation is suppressed, promoting the accumulation of
myeloid-derived suppressor cells (MDSCs), which are pathologically
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induced immature myeloid cells [3-6]. MDSCs were firstly discovered in
1970s and finally identified and termed in 2007. MDSCs represent a
heterogeneous population of IMC that possess various strong
immunosuppressive activities involving multiple immunocompetent cells
and are significantly accumulated in patients who did not respond to
cancer immunotherapies [7,8]. MDSCs are typically absent or present in
very low numbers in healthy individuals, but markedly increase in
pathological conditions, such as cancer. In cancer, tumors can secrete
soluble factors that promote the expansion of MDSCs; therefore, creating
a tumor microenvironment (TME) that favors tumor progression by
inhibiting effective local immune control of cancer cells. Thus, MDSCs
represent a major obstacle to cancer immunotherapy, and have become a
target of interest in cancer treatment. Numerous innovative therapies
targeting MDSCs have been explored, and various approaches to inhibit
MDSC function are currently being evaluated in clinical trials [9]. In this
review, we discuss the origin, functions, and metabolic signature s of
MDSCs, and highlight the targeting MDSCs as a promising therapeutic
approach to suppress their immunosuppressive functions. Additionally,
since MDSCs have been reported to be involved in the development of
cancer cachexia, we here discuss the functional relationships between the
immunological properties of MDSCs and cancer cachexia.

Monocytes
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Origin and phenotypes of MDSCs

Heterogeneous and multipotent myeloid cell populations perform diverse
specialized functions that are critical for innate immunity against
pathogens, maintenance of homeostasis, and coordination of
inflammatory responses [10]. These myeloid cell populations were named
MDSCs based on their phenotype and immunosuppressive activities, and
are classified into two major subsets: monocytic MDSCs (M-MDSCs)
expressing  CD11b*Ly6G'"Ly6CMo";  and  granulocytic  or
polymorphonuclear MDSCs (G-MDSCs, PMN-MDSCs) expressing
CD11b*Ly6G*Ly6C'"" [11,12]. Although both populations of MDSCs
exhibit strong immunosuppressive activities, G-MDSCs have been
proven to expand significantly during tumor progression in cancer
patients, G-MDSC is the primary source of immunosuppression that
enables tumor escape and tumor progression. In human studies, MDSCs
are typically identified by either the expression of the myeloid marker
CD33 and low-or-absent expression of HLA-DR, or the expression of
CD11b and low/absence of CD14. Recent studies have introduced
additional markers including CD15, CD34, CD45, CD84, and IL-4Ro.
(CD124), to improve the phenotypic characterization of MDSCs [13,14].

Immunosuppressive mechanisms of MDSC s (Figure 1)

Systemic

Oy = I Cancer Cachexia
Inflammation

k)

Inﬂammatory
Medlators

/ M-MDSC s
Pathologcal
Activation
0y
®.
G-MDSC s
d

 TME

o

Granulocytes

Ischemia

Acidity

Interstitial
hypertension

U

g

METASTASIS

Tumor Cells

.’&’///) o

L
VEGF-A

~

. ~,
M-MDSC s GMDSC(_R 3
e

NK cells

.

Treg cells

. ®
’ Dés

TAM s /

Figure 1: MDSCs and its immunosuppression and metabolic characteristics in TME

By pathological activation such as cancer, chronic infections, and autoimmune diseases, differentiation of myeloid cells is suppressed, promoting the
accumulation of MDSCs. MDSCs exert strong immunosuppressive effects in the TME through multiple mechanisms, including the accumulation of
immunosuppressive cells, such as regulatory T cells (Tregs) and tumor-associated macrophages (TAM), as well as the production of reactive oxygen
and nitrogen species, and depletion of L-arginine [9-12]. TME is characterized by VEGF-A-driven impaired perfusion and increased vascular leakage,
leading hypoxia, acidity, and interstitial hypertension, resulting in distant metastasis [34-36,75].

HPCs, hematopoietic progenitor cells; CMPs, common myeloid progenitors; GMP, granulocyte macrophage progenitor; MBs, myeloid-like B cells;
MDPs, monocyte-DC progenitor; M-MDSCs, monocytic myeloid-derived suppressor cells; G-MDSCs, granulocytic myeloid-derived suppressor cells;
ROS, reactive oxygen species; TGF-b, transforming growth factor-beta; NO, nitric oxides; IL-10, interleukin-10; VEGF-A, vascular endothelial growth

factor-A

The immune defense system, composed of cytotoxic T cells, natural Killer
(NK) cells, DCs, and B cells, is essential for tumor control, however its
function is impaired by several immunosuppressive factors, including
immunosuppressive cells such as MDSCs. MDSCs exert strong
immunosuppressive effects in the TME through multiple mechanisms,
including the accumulation of immunosuppressive cells, such as
regulatory T cells (Tregs) and tumor-associated macrophages, as well as
the production of reactive oxygen and nitrogen species.
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Interferon (IFN gamma is necessary for MDSCs-mediated induction of
Treg cells, and MDSCs have been shown to induce Treg cells through a
mechanism mediated by interleukin (IL)-10 [15]. MDSCs and Tregs have
been shown to promote the expression of programmed cell death ligand 1
(PD-L1) to induce T cell anergy through interacting with PD-1 on T cells
[16,17]. The induction of Tregs has also been demonstrated through
chemokines, such as CCL4 and CCLS5, secreted by tumor-infiltrating
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MDSCs [18]. MDSCs have also been reported to enhance the
immunosuppressive functions of Tregs through the direct interactions of
CD80 on MDSCs and cytotoxic T-lymphocyte-associated protein
(CTLA)-4 [4]. M-MDSCs have also been shown to produce transforming
growth factor (TGF)-beta and 1L-10, which contribute to
immunosuppression of CD8+ T cells. Additionally, MDSCs induce a shift
in macrophages toward an M2-like phenotype with immunosuppressive
features [19], leading to reduced IL-12 production by M2-like
macrophages and promoting a type 2 shift in CD4* T cells within the
TME.

It is well known that MDSCs produce reactive oxygen species (ROS),
which impair the function of tumor-infiltrating lymphocytes. In addition
to their direct toxicity of ROS on immune cells to suppress tumor growth,
ROS support the expansion of MDSCs. L-arginine, which is critical for
the function of the immune system, can be metabolized in MDSCs by four
different enzymes: nitric oxide synthases, including NOS1, NOS2, and
NOS3; arginases, including Arg-1 and Arg-2; arginine; glycine
aminotransferase; and L-arginine decarboxylase [14].

Metabolic characteristics of MDSCs

As mentioned above, MDSCs promote the differentiations of Tregs and
M2-like macrophages by producing TGF-beta and IL-10. These soluble
inhibitory mediators also downregulate the expression of the activating
receptor NK group 2 member D (NHG2D) in NK cells, thereby
abrogating their cytotoxicity [20]. Additionally, MDSCs express several
ligands for inhibitory receptors on T cells, promote T cell exhaustion
through the T cell immunoglobulin and mucin-domain containing-3
(Tim-3)/Galectin-9 pathway, and terminate Thl immune responses
[21,22].

The Warburg effect is the physiological phenomenon of tumor cells that
cancer cells predominantly rely on aerobic glycolysis and lactic acid
fermentation for energy generation, differing from the typical glucose
metabolism in non-cancerous cells [23]. Specifically, in the TME, cancer
cells primarily derive their energy from glycolysis, consuming more
glucose and producing higher levels of lactate than non-cancerous cells
[24]. Immune competent cells choose aerobic glycolysis due to its rapid
energy generation. Moreover, M1 macrophages, for instance, primarily
rely on glycolysis, with their proinflammatory functions, including
phagocytosis and the production of cytokines such as IL-1 beta, tumor
necrosis factor (TNF)-alpha, and IL-6, being directly associated with this
metabolic pathway. In contrast, M2 macrophages rely more on fatty acid
oxidation (FAO) and oxidative phosphorylation (OXPHOS) [25].
MDSCs also use aerobic glycolysis to meet their energy demands and
support rapid proliferation, thereby creating an immunosuppressive
environment that inhibits anti-tumor activities and promotes tumor
growth [26,27]. Cytokines including GM-CSF (granulocyte macrophage-
colony stimulating factor), as well as IL-6 produced by tumor cells and
macrophages, promote glucose uptake and glycolysis in MDSCs, leading
to an increased production of lactate. This end product of pyruvate
metabolism during aerobic glycolysis plays the critical role of lactate in
suppress tumor surveillance [23]. CD8+T cells primarily utilize aerobic
glycolysis, while Tregs rely on OXPHOS, which is an important
metabolic pathway for immunosuppression and tumor progression.
Moreover, in the TME, CD39 and CD73 on tumor cells metabolize ATP
(adenosine triphosphate) to adenosine while indoleamine 2,3-
dioxygenase (IDO) converts tryptophan into kynurenine, and the resulting
accumulation of adenosine and kynurenine supports Tregs [25]. It is also
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important to focus on adenosine metabolism since emerging evidence
have been reported on adenosinergic signaling in immune system.
Hypoxia and TGF-beta represent the key drivers of the adenosinergic
pathway. A2B, one of the adenosine receptors, predominantly exert
immunosuppressive functions, and control some important effects of
MDSCs in TME. The adenosine-generating enzymes and possibly
adenosine receptors are expressed on MDSCs and regulated by hypoxia
and chronic inflammatory factors. MDSCs, therefore, produce adenosine
within TME as an additional mechanisms of immunosuppression in TME
[28,29]. MDSCs have been reported to produce pro-angiogenic factors,
vascular endothelial growth factor (VEGF)-A in a STAT-3 dependent
manner and it was shown that adenosine receptor A2B stimulation
enhanced the production of VEGF, and pharmacological blockade of A2B
reduced tumor angiogenesis, MDSCs accumulation and growth
retardation of tumor. This A2B receptor blockade inhibit MDSCs and
may be effective as an anti-VEGF agent [30,31].

To meet the high energy demands required for proliferation and the
enhancement of immunosuppressive and tumor-promoting functions,
MDSCs undergo metabolic reprogramming in the TME, shifting their
main energy source from glycolysis to FAO [14]. It has also been reported
that MDSCs rely on FAO as the major metabolic pathway for the
production of immunosuppressive cytokines. However, the critical factors
underlying the metabolic shift between glycolysis and FAO are not yet
well understood [32].

Angiogenesis, hypoxia and, MDSCs

Hypoxia is another important feature that is induced not only by metabolic
characteristics but also by other factors such as tumor angiogenesis.

In 2011, Hanahan and Weinberg updated the hallmarks of cancer, adding
avoiding immune destruction as a new characteristic [33]. Importantly,
they included the inhibition of VEGF as a key strategy to suppress the
hallmarks of cancer. Tumor vasculature, typically driven by VEGF-A, is
structurally and functionally distinct from that of non-malignant tissue,
characterized by impaired perfusion and increased vascular leakage,
leading hypoxia and acidity in the TME (34). MDSCs are one of the major
sources of VEGF-A as well as tumor cells, Tregs, and M2 macrophages.
As a result, oxygen and immune competent cells such as CD8+ cells
cannot perfuse in the TME, leading to an increase in interstitial pressure
due to fluid leakage. Ultimately, even if these lymphocytes circulate
within the blood vessels in the TME, they are unable to migrate out of the
vessels [35]. There is also a difference between CD8+T cells and Tregs;
CD8+T cells utilize aerobic glycolysis and cannot survive in hypoxic
conditions, while Tregs are activated in environments with high levels of
adenosine and kynurenine. Due to the high vascular permeability and
increased interstitial fluid pressure, tumor cells in the TME can easily
enter the systemic circulation, resulting in metastasis to distant organs
[36].

Another important molecular mechanism is mediated by the transcription
factor hypoxia-inducible factor-1 (HIF-1), which is a heterodimer
consisting of HIF-1 alpha and HIF-1 beta. HIF-1 alpha induces the
upregulation of Arg-1 and increases nitric oxide synthase in hypoxic
conditions, thereby enhancing the ability of MDSCs to suppress T cell
functions. HIF-1 alpha has been reported to act as a negative regulator of
Tregs differentiation and is essential for their immunosuppressive activity
[37].

Cancer cachexia, immunosuppression, and MDSCs (Figure 2)
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Figure 2: Development of cachexia: Systemic inflammation induced by locally produced inflammatory mediators

MDSCs in cancer patients play an important role in the development of cachexia through the mechanism of inflammatory mediators produced in TME
[52-54]. The release of TNF-alpha has been linked directly to muscle wasting. increased levels of IL-1, IL-8 and IL-10 in patients with cancer cachexia
result in increased energy expenditure, loss of appetite and muscle atrophy through a mechanism involving multiple organs such as pancreas, brain,
liver, muscle and adipose tissue. Insulin plays critical roles of regulating muscle proteolysis and insulin resistance in cancer cachexia, can contribute
to muscle wasting [55]. It is also demonstrated that circulating IL-6 reduces dopamine release in the nucleus accumbens, leading lowering motivation

and anorexia [59,60].

ROS, reactive oxygen species; TNFa, tumor necrosis factor alpha; IFNg, interferon gamma; TGFb, transforming growth factor beta; VEGF-A, vascular
endothelial growth factor-A; IL-1, interleukin-1; IL-4interleukin-4; IL6, interleukin-6; IL-10, interleukin-10; M-MDSCs, monocytic myeloid-derived
suppressor cells; G-MDSC, granulocytic myeloid-derived suppressor cells; TAMs, tumor associated macrophages; Tregs, regulatory T cells; FA, fatty

acid

Although metabolic features of lipid, glucose, and amino acids have been
studied, there have not been reported well on protein metabolism in the
biology of MDSCs.

Cachexia is a syndrome that is characterized by weight loss and
hypoalbuminemia and cannot be completely recovered by conventional
nutritional support. Cancer cachexia specifically arises as a result of
cancer [38]. Cancer cachexia is observed in approximately 70% of cancer
patients, and accounts for 22% of cancer-related deaths [39]. It is divided
into three categories: pre-cachexia, characterized by early clinical and
metabolic signs, with < 5% weight loss; cachexia with > 5% weight loss;
and refractory cachexia, which is unresponsive to treatments [39].
Additionally, cancer cachexia has been observed as a negative outcome
of cancer treatments, resulting in impaired physical function, resistance
to cancer chemotherapies, and poor prognosis [40]. The mechanisms
underlying cancer cachexia include tumor cell metabolism, psychiatric
effects of the patients, as well as physical and mental changes caused by
treatments such as radiotherapy, immunotherapy, and chemotherapy.
Among these, the role of the host immune response has been extensively
studied for many years and is recognized as essential. We previously
focused on the immune alterations observed in cachectic patients, and
reported that cancer cachexia is characterized by a Th2-dominant state in
CD4+ cells, high production of proinflammatory cytokines, and the
presence of refractory anti-inflammatory cytokines such as I1L-10, as well
as refractory immunoregulatory proteins, including soluble receptors for
IL-2 and TNF alpha [41-44]. In addition, we measured
phytohemagglutinin (PHA)-stimulated lymphocyte proliferation as a
measure of cell-mediated immune response, calculating the stimulation
index (SI). Our findings revealed that Sls progressively decrease with
advancing cancer stages and demonstrate a significant correlation with
nutritional parameters. Our previous research also demonstrated that
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inflammatory indicators, such as neutrophil to lymphocyte ratio (NLR) or
C-reactive protein (CRP, clinical indicator of inflammation and IL-6
production), were significantly correlated with nutritional impairments,
including decreased serum protein levels, in various cancers [45,46].
Proteins are regulated by the balance between their synthesis and
degradation. In cachexia, clinically characterized by hypoproteinemia,
metabolic features involving both protein synthesis and degradation have
been reported; however, the underlying mechanisms of hypoalbuminemia
remain unclear. Moreover, our laboratory has demonstrated that
circulating MDSCs (CD11b+, CD14-, CD33+) were increased in patients
with various types of cancer, and significant correlations were observed
amongst the numbers of MDSCs, systemic inflammation markers, and
decreased levels of rapid turnover proteins [47-51]. Among several
proinflammatory mediators, we have focused on VEGF-A and IL-17 as
inducers of MDSCs [49,51]. Cuenca et al. have reported a novel role of
tumor-induced MDSCs in the development of cancer cachexia syndrome
[52]. They demonstrated that MDSCs expansion and tumor burden are
associated with a decrease in adipose tissue, as well as increases in acute-
phase proteins and oxygen consumption, suggesting that MDSCs induces
inflammation and play a pivotal role in cancer cachexia (Figure 2). The
role of MDSCs-mediated immune system including increased
macrophages (TAM) typically shifted to M2, and Tregs, is one of the
biggest drivers of cancer cachexia [53]. The release of TNF-alpha has
been linked directly to muscle wasting. TNF-a exerts its catabolic
function by stimulating the degradation of muscle protein through the
activation of E3 ligase pathway [54]. Moreover, increased levels of IL-1,
IL-8 and IL-10 in patients with cancer cachexia result in increased energy
expenditure, loss of appetite and muscle atrophy through a mechanism
involving multiple organs such as pancreas, brain, liver, muscle and
adipose tissue [55]. In the mouse model of cancer cachexia, higher loss of
adipose tissue and increased consumption of oxygen which is one of the

Page 4 of 9



Clinical Case Reports and Reviews.

characteristics of cancer cachexia were significantly demonstrated in the
mice with expansion of MDSCs compared to those without it [56]. Insulin
produced by pancreas and IGF1 (insulin-like growth factor 1) produced
by liver activate a cascade of phosphorylation of key-regulators for
muscle metabolism. Insulin plays a critical roles of regulating muscle
proteolysis and insulin resistance in cancer cachexia, can contribute to
muscle wasting [40,57]. IL-6 has been shown to exacerbate cancer
cachexia by promoting the wasting of adipose tissues, activating
mechanisms that enhance lipolysis and proteolysis through the
JAK/STAT3 pathway [58], resulting in weakness and waste of muscle. It
is also demonstrated that circulating IL-6 reduces dopamine release in the
nucleus accumbens of the brain, leading lowering motivation and
anorexia [59]. Zhang and Bonomi reported that anti-cancer therapies
targeting MDSCs may not only be effective against immunosuppression
but also against cancer cachexia promoted by MDSCs [60],

The anti-aging gene Sirtuin-1 is a NAD+ sensitive deacetylase and mono-
transferases, and SIRT1, a member of the sirtuin family, plays a
significant role in regulating the creation of ROS [61]. SIRTL1 is reported
to be critical to systemic inflammation and can control cancer cachexia,
and is also demonstrated to control the production of TNF alpha and TGF
beta by MDSCs [62,63], thereby the use of SIRT1 activators may be
important as therapeutic modalities for cancer cachexia and MDSCs.

Although the mechanisms that induce cancer cachexia has been widely
studied, detailed mechanisms and relationship among inflammatory
mediators and organs affected in cancer cachexia are not fully clarified
yet.

Therapeutic targeting MDS Cs and plasticity of M-MDSC in TME

Multiple trials and approaches to overcome the immunosuppressive
actions of MDSCs in cancer have been proposed. Present approaches are
divided into 4 categories: 1. Depletion of MDSCs; 2. inhibition of MDSCs
immunosuppressive functions; 3. blockade of MDSCs development of
recruitment; 4. MDSCs reprogramming or repolarization.

MDSCs are migrated to TME in response to various different growth
factors, cytokines and chemokines. The TME is characterized by hypoxia,
high concentrations of oxidative factors such as ROS and NO,
proinflammatory cytokines, and the metabolic feature of low
concentration of glucose and high concentration of lactate. The
differentiation and immunosuppressive actions of MDSCs are affected by
these conditions [64,65]. Among these factors, hypoxia, especially HIF-
1-alpha, which is critical in the induction of M2-type TAMs from
monocyte, is important in the TME. Hypoxia also differentiate M-MDSCs
to TAMs and provide later events of tumor progression. Colony
stimulating factor (CSF)1, CSF2 and VEGF-A produced by tumor are
known to be involved in the differentiation of myeloid cells in the TME,
and recently, blockade of CSF1/CSFR1 pathway has been demonstrated
a significant decrease of the infiltrations of M-MDSCs and TAMs in the
TME [66,67]. The CCL2/CCR2 pathway was reported to be necessary in
migration of M-MDSCs into TME, and inhibition of CCL2/CCR2
demonstrated significantly decreased infiltration of TAMs and delayed
tumor growth [68,69]. Thus, M-MDSC and TAMs showed a closely
connected to the differentiation of MDSCs in the TME. M-MDSC
represent a potential therapeutic target for cancer therapy, not only
because of the ability to control immunosuppression, but also because of
high plasticity and differentiation potential [70].

Targeting MDSCs by blocking VEGF-A

Since cancer immunotherapy using IClIs is one of the major treatment
modalities for cancer and significant accumulation of MDSCs is often
observed in patients with poor responses to such therapies (3,71-73),
treatment modalities targeting MDSCs are extremely important in clinical
oncology. Hofer et al. described treatment modalities targeting MDSCs,
including MDSC depletion, inhibition of MDSC recruitment, blockade of
MDSC differentiation into mature immunosuppressive cells, and
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suppression of MDSC activity. They also summarized related clinical
trials. [14]. Li et al. reviewed clinical trials on MDSCs-targeting therapy
combined with cancer immunotherapy [13]. VEGF-A possess strong
impacts on the induction, activation and proliferation of MDSCs, and
there is a close relationship between chronic inflammation underlying
MDSCs accumulation and the development of cancer cachexia, as
reported in our previous research [36,47,50]. In the present review, we
focus particularly on the strategy of blocking VEGF-A signaling in
combination with ICI therapies [36,47,50].

There are several characteristics of abnormal vasculature in the TME
driven by VEGF-A, inefficient blood supply, increased permeability,
dilated and tortuous vessels, decreased pericyte coverage, irregular
basement membrane and resultant interstitial hypertension leading tumor
expansion and distant metastasis [75]. VEGF-R (receptor)2 is expressed
on MDSCs, and VEGF-A secreted by MDSCs induces self-expansion in
the TME; thus, targeting the VEGF-A/VEGFR signaling pathway can
inhibit the recruitment, accumulation, and proliferation of MDSCs [75].

Currently, clinically available anti-VEGF-A therapies are categorized as
follows: 1. neutralizing antibodies to VEGF-A (e.g., bevacizumab), or to
VEGF-A receptors (e.g., ramucirumab); 2. tyrosine kinase inhibitors (e.g.,
sunitinib and sorafenib); and 3. inhibitors of mTOR pathway (e.g.,
everolimus). Some anti-VEGF-A therapies have been proven to inhibit
MDSC accumulation, and bevacizumab-based chemotherapy has been
shown in multiple clinical trials to significantly reduce circulating
MDSCs and enhance the infiltration of cytotoxic immune cells into the
TME [13,76-79]. The increased production of VEGF-A in the patients
with cachexia is observed in the clinics and induce massive infiltration
and expansion of MDSCs and Tregs. Although it has been reported that
blocking VEGF-A induce an immunosupportive condition with
normalized vasculature, less MDSCs, and less Treg cells in the TME [72-
74], the changes in cachexia have not reported yet.

Conclusions and future directions in MDSCs-targeted therapies

MDSCs are a major obstacle to host immune reaction s in various
pathological conditions, including cancer and chronic infection. In
chronic infection, therapeutic modalities targeting the metabolism of
MDSCs can be beneficial [80], However, compared to cancer, clinical
trials in this area remain insufficient. Although MDSCs play a critical role
in specific clinical contexts, particularly in autoimmune diseases and
pregnancy [4], therapeutic strategies aimed at inducing MDSCs in these
patients have not been thoroughly explored or discussed. Additionally,
the relationships of MDSCs with cancer cachexia is addressed in this
review.

Currently, therapies targeting MDSCs are primarily focused on cancer,
and evidence from basic research in this field, as well as clinical benefits
of MDSCs-targeting treatments such as anti-VEGF-A therapies including
ICIs, has been accumulating [13,14]. As novel anticancer treatment
modalities, gene modification of MDSCs by CRISPR (clustered regularly
interspaced short palindromic repeats) technology has been demonstrated
to eliminate immunosuppressive activities, and CRISPR-loaded
nanoparticles may decrease MDSC-derived immunosuppression [81-83].
Although these technologies are currently utilized in basic and
translational studies, their future development is expected to expand into
clinical applications.

Conclusively, MDSCs possess variety of biological functions leading to
immunosuppression, tumor progression and nutritional damages in
patients with cancer. Clinical studies of MDSCs-targeting strategies have
just started and we hope new therapeutic modalities will arise in the clinic
soon.
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