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Abstract  

 

 Myeloid-derived suppressor cells (MDSC) are present in most individuals with cancer where they 

inhibit adaptive and innate antitumor immunity and are an obstacle to cancer immunotherapies.  

Chronic inflammation is characteristic of adipose tissue and is a risk factor for the onset and progression 

of cancer in obese individuals.  Because MDSC accumulate in response to inflammation, it has been 

hypothesized that one of the mechanisms by which obesity promotes malignancy is through the 

induction of MDSC.  This article reviews the data supporting this hypothesis, the role of leptin and fatty 

acid metabolism in the induction of MDSC, and the surprising finding that although MDSC promote 

tumor progression, they are protective against some of the metabolic dysfunction associated with 

obesity.  

  



Introduction 

 During the past approximately ten years myeloid-derived suppressor cells (MDSC) have been 

under intensive study because they are present in most cancer patients and are recognized as a 

significant obstacle to cancer immunotherapies.  Chronic inflammation associated with solid tumors is 

the dominant driving force for the accumulation of tumor-induced MDSC, and led to the hypothesis that 

one of the mechanisms by which inflammation facilitates cancer progression is by the induction of 

MDSC which inhibit antitumor immunity [1].  Chronic inflammation is also associated with obesity, 

suggesting that MDSC may also be elevated in obese individuals.  This article describes how obesity-

driven MDSC protect against some of the metabolic dysfunction associated with obesity while 

simultaneously increasing the rate of tumor progression that is characteristic of obese cancer patients.  

Several recent review articles detail the induction, function, characterization, and nomenclature for 

MDSC [2-5], so only a brief overview of MDSC characteristics and function will be presented here.  

  MDSC are a heterogeneous population of immature myeloid cells that arise in the bone marrow 

(and in the spleen of mice) from the common myeloid progenitor (CMP) and migrate through the 

circulatory system to solid tumors.  The two subsets of MDSC, monocytic and 

polymorphonuclear/granulocytic (M-MDSC and PMN-MDSC), suppress adaptive and innate immunity 

using a variety of mechanisms including inhibition of T cell activation, anergizing activated T cells, 

inhibition of NK cell cytotoxicity, polarization of macrophages towards a tumor-promoting phenotype, 

and perturbation of immune cell trafficking.  Multiple redundant pro-inflammatory mediators drive 

MDSC accumulation, suppressive potency, and survival by regulating various transcription factors, and a 

diversity of immune and non-immune host cells produce factors that contribute to the accumulation of 

MDSC and/or are modified as a result of MDSC development (see figure 1).  Most of the knowledge of 

MDSC biology is derived from studies of tumor-induced MDSC from mice and humans.  As described in 

the following sections, since chronic low grade inflammation is also present in adipose tissue, many of 



the conditions that drive tumor-induced MDSC also drive MDSC accumulation and function in obese 

individuals.   

 

Obesity is a risk factor for cancer onset and a driver of tumor progression 

Abundant epidemiological data demonstrates that obesity not only increases the risk of cancer 

but also increases the progression of established cancers [6].  A 2003 study concluded that overall, 

obese men and women have a 1.5-1.6 fold increase in the risk of dying from cancer [7].  Obesity is not 

an “equal opportunity” risk for all organ sites, however, since obese men have a 4.5 fold risk and 2.6 fold 

risk of dying from liver and pancreatic cancer, respectively, while obese women have a 4.8 and 5.3 fold 

risk of dying from kidney and gastrointestinal (GI) cancers, respectively [8,9].  Therefore, although there 

is an overall propensity of obesity to facilitate cancer onset and progression, there are also organ and 

tissue-specific, as well as sex-related factors involved.  Despite the differences in obesity-driven 

conditions that lead to increased cancer risk, obesity-driven systemic and/or local inflammation appear 

to be a unifying condition that facilitates cancer onset and progression [10-13].    

 

The chronic inflammatory environment of adipose tissue is similar to the inflammatory conditions 

that drive cancer-associated MDSC  

 Obese individuals typically have elevated levels of IL-6, TNFα, and prostaglandin E2 (PGE2) in 

their blood.  These molecules are produced by adipose cells as well as by macrophages that invade 

adipose tissue.  Elevation of these pro-inflammatory mediators is at least partially due to the adipokine 

leptin, which is over-expressed in obese individuals and an inducer of IL-1β, TNFα, and IL-6.  IL-1β, the 

product of cellular inflammasomes [14] and TNFα, in turn, induce leptin, thereby creating a feed-back 

loop that sustains the inflammatory environment (reviewed in [13]).  Since leptin lacks inflammatory 

activity in IL-1β-deficient mice, inflammasomes are probably key regulators of the pro-inflammatory 



adipose tissue environment [15].   Prevalence of this inflammatory milieu is particularly evident in 

breast tissue of obese women, but also occurs in intestinal epithelial cells of obese mice [16], in liver 

cells in non-alcoholic fatty liver disease [17], as well as in other organs of both humans and mice.   

The pro-inflammatory mediators IL-6 [18], IL-1β [19-21], TNFα [22], and PGE2 [23,24] are major 

inducers of the differentiation, accumulation, and potency of tumor-induced MDSC.  Since the same 

constellation of molecules are present in adipose tissue [25], it has been hypothesized that the pro-

inflammatory environment of adipose tissue may support the induction and accumulation of MDSC 

[26,27]. 

 

Immune suppressive MDSC are elevated in obese individuals 

 The first indication that obesity increased the levels of MDSC came from studies with genetically 

obese mice and with mice maintained on a high fat diet (HFD).  ob/ob mice on a C57BL/6 background 

are genetically obese because they are deficient for the leptin gene.  Leptin is a 16KDa protein encoded 

by the ob gene and is predominantly produced by adipose cells. It regulates body mass by serving as an 

appetite inhibitor.  The Leptin receptor (Ob-R) has multiple forms; however, leptin regulates appetite by 

binding to the long form of the Ob-R on cells in the hypothalamus [28].  By 28 weeks of age, ob/ob mice 

have approximately twice as many Gr1+CD11b+ cells in their spleens and adipose tissue compared to 

lean ob/+ mice.  Mice on a HFD (60% fat) for 12 weeks accumulate excess body fat and have 

approximately 1.5 and 3 times as many Gr1+CD11b+ cells in their spleens and adipose tissue, 

respectively, as mice on a low fat diet (LFD; 11% fat).  Gr1+CD11b+ cell levels in the liver of ob/ob and 

HFD mice are as much as 3 times higher than their lean counterparts.  The Gr1+CD11b+ cells are MDSC as 

shown by their ability to suppress the activation/proliferation of CD8+ T cells. Both M-MDSC and PMN-

MDSC were elevated in the ob/ob and HFD mice [26].  Gr1+CD11b+ cells in obese mice are also immune 

suppressive in vivo as shown by the reduced antigen-specific cellular and antibody responses in HFD 



mice following immunization with a hepatitis B vaccine [25].  Not surprisingly, obese tumor-bearing mice 

have higher levels of f MDSC than lean/control tumor-bearing mice [27,29].    

 M-MDSC are similarly elevated in obese humans.  Chinese men with BMI >25kg/m2 but without 

diabetes or other complicating metabolic issues had the same number of monocytes in their blood as 

men with a BMI <25kg/m2, but had approximately 3.5 times as many M-MDSC (CD11b+CD33+CD14+HLA-

DRlo/- cells) [30].  Down-regulation of the TCRζ chain is a hallmark of MDSC function in mice [31], and a 

similar decrease in TCRζ chain expression was found on naïve T cells in the obese group of men [30].  

 

Obesity-induced MDSC enhance tumor progression  

 There is ample data demonstrating that malignancies grow more rapidly and that cancer-

induced mortality is higher in obese than in non-obese individuals (reviewed in [32]).  Given the immune 

suppressive activity of MDSC and the known ability of antitumor immunity to decrease tumor 

progression, the obvious question is whether the elevated levels of MDSC contribute to enhanced tumor 

progression in obese individuals.  Three recent studies demonstrate that obesity-driven MDSC levels 

substantially increase tumor growth.  In one study, BALB/c mice were rendered obese by feeding a HFD 

(diet-induced obesity) and then inoculated with the syngeneic RENCA renal cell tumor.  Tumors 

progressed more rapidly in the obese mice and the tumors contained more MDSC compared to tumors 

of lean controls.  There was no difference in the immune suppressive potency of MDSC between obese 

and lean mice.  However, the tumors of the HFD mice had elevated levels of CCL2, a potent 

chemoattractant for CCR2+ MDSC, suggesting that obesity alters the tumor microenvironment to favor 

the accumulation of MDSC [29].  In a pancreatic cancer mouse study using diet-induced obese mice, 

Gr1+CD11b+ cells were recruited to the pancreas by adipocytes producing the pro-inflammatory 

mediator IL-1β.  Pancreatic stellate cells were subsequently activated and produced additional IL-1β and 

recruited more Gr1+CD11b+ cells.  Depletion of the Gr1+CD11b+ cells, IL-1β, or the pancreatic stellate cells 



prevented more rapid growth of cancer in the obese mice [33].  The authors attributed the increased 

tumor progression to cross-talk between adipocytes, Gr1+CD11b+ cells, and pancreatic stellate cells.  The 

authors called the Gr1+CD11b+ cells tumor-associated neutrophils [33].  However, neutrophils and MDSC 

have similar phenotypes, and because IL-1β is an established inducer of MDSC and the Gr1+CD11b+ cells 

were not further characterized as neutrophils, it is likely that the Gr1+CD11b+ cells were MDSC.   

 The key study for establishing that obesity-induced MDSC promote more rapid tumor 

progression used diet-induced obese BALB/c mice carrying the 4T1 mammary carcinoma.  MDSC in the 

blood and within tumors accumulated to higher levels in mice fed a HFD vs mice fed a low fat diet (LFD), 

and MDSC from HFD mice were more immune suppressive than MDSC from LFD mice.  Primary tumors 

progressed more rapidly and survival time was significantly decreased in HFD mice.  Depletion of MDSC 

reverted the rate of tumor progression in HFD mice to that of LFD controls, and restored T cell 

activation.  Obese mice had higher levels of spontaneous liver metastases relative to LFD mice, and 

MDSC depletion of HFD mice reduced the levels of liver metastases to that of LFD mice [27]. 

        

Obesity-induced MDSC protect against some of the metabolic dysfunction that accompanies obesity 

 Obesity in both mice and humans is frequently associated with metabolic dysfunction that has 

significant health consequences.  Blood glucose levels can be abnormally elevated when insulin does not 

eliminate glucose in the blood, a condition known as insulin tolerance.  Two studies have examined 

whether obesity-driven MDSC enhance the metabolic dysfunction associated with obesity [26,27].  

Surprisingly, the opposite effect was found.  Using MDSC depletion approaches, MDSC in obese mice 

were shown to decrease serum glucose levels and to protect against insulin tolerance.   MDSC were also 

protective in that they reduced both systemic inflammation and inflammation within adipose tissue.  

However, they also facilitated the accumulation of adipose tissue.  Thus, obesity-driven MDSC 



simultaneously protect against some obesity-associated metabolic dysfunction, while enhancing obese 

conditions (Figure 2).  

 

Leptin, a key adipokine that regulates obesity, also impacts the immune system  

 In addition to its impact on appetite, leptin also effects the immune system since many immune 

cells, including CD4+ and CD8+ T cells, B cells, macrophages, and monocytes express the Ob-R [28].  

Because there are multiple forms of the Ob-R, leptin signaling has been attributed to multiple signal 

transducers, including JAK2, STAT3, and the Akt/PI3K, mTOR, and p38 MAPK pathways.  A detailed 

description of the signaling pathways can be found in [34].   

Leptin mediates several immunologically beneficial effects.  It confers mouse T and B cell 

resistance to FAS-mediated apoptosis and increases T cell proliferation via STAT3 activation [35].  The 

impaired cell-mediated immunity that accompanies starvation is due to the decrease in leptin since 

administration of leptin to starved mice restores T cell proliferation and cell-mediated immune 

responses. Leptin mediates these effects by stimulating the production of IFNγ and limiting production 

of IL-4 [36].  Leptin also impacts NK cell development.  Immature and mature NK cells in the bone 

marrow of Ob-R-deficient (db/db) mice have an increased rate of apoptosis, resulting in abnormally low 

levels of NK cells.  Treatment of wild type NK cells with leptin enhanced NK cell survival, indicating that 

leptin acts in the bone marrow to facilitate NK cell development and survival [37].  Macrophage 

phagocytic activity is also enhanced by leptin since mouse peritoneal macrophages displayed enhanced 

phagocytic activity for L. major promastigotes following treatment with leptin [38]. 

Human studies have confirmed mouse findings, and have provided additional functional 

information about leptin.  For example, leptin activates STAT3 signaling and up-regulates production of 

IL-1β, IL-6, IL-12, TNFα, and MIP1α by human dendritic cells (DC), resulting in more potent antigen 

presenting cells with increased resistance to apoptosis [39].  Administration of leptin to morbidly obese, 



leptin-deficient children decreased body mass, and restored levels of circulating CD4+ T cells.  Leptin 

therapy also increased serum levels of IFNγ which prior to treatment were undetectable, and decreased 

to normal levels the immune suppressive cytokine TGFβ [40].  

Leptin also reduces T regulatory cells (Tregs).  Both leptin-deficient and leptin receptor deficient 

mice have elevated levels of Foxp3+CD4+CD25+ Tregs, and human naturally occurring Tregs have high 

levels of Ob-R, produce leptin, and are resistant to anti-CD3 plus anti-CD28-induced activation.  If 

neutralizing antibodies to leptin are included during anti-CD3 and anti-CD28 treatment, then Tregs 

proliferate, express higher levels of Foxp3, and maintain their suppressive phenotype [41]. 

 

MDSC and leptin regulate each other through cross-talk 

To determine if leptin impacts MDSC, HFD mice were treated with a soluble form of the leptin 

receptor (Ob-Fc), thereby blocking leptin receptor signaling.  Circulating MDSC levels were significantly 

reduced, indicating that leptin directly, or indirectly, drives the accumulation of MDSC.  MDSC 

reciprocate and down-regulate serum levels of leptin, since depletion of MDSC in HFD mice increased 

blood levels of leptin (Figure 3A).  Therefore, MDSC and leptin undergo cross-talk in which leptin 

increases MDSC levels while MDSC decrease leptin levels [27].  

One of the pro-inflammatory mediators induced by leptin is IFNγ [36]. IFNγ is an established 

regulator of programmed death ligand 1 (PD-L1), a ligand for the checkpoint inhibitor PD-1 which causes 

T cell apoptosis and anergy [42].  The increased suppressive activity of HFD-induced MDSC has been 

partially attributed to increased PD-L1 expression [27], leading to the hypothesis that leptin may 

facilitate MDSC function by driving the production of IFNγ, which, in turn, increases MDSC expression of 

PD-L1.  

 

MDSC accumulation and suppressive potency are facilitated by fatty acid metabolism  



 Obesity is frequently associated with an abundance of dietary fat, and recent studies have 

demonstrated that MDSC enhance their accumulation and/or suppressive activity through the 

metabolism of fatty acids and lipids.  Polyunsaturated fatty acids (PUFAs), such as the omega-3 fatty 

acids, reduce the risk of cardiovascular disease (reviewed in [43]), and may also reduce cancer risk and 

limit tumor progression, although the cancer effects are controversial [44].  However, PUFAs also have 

immune suppressive effects which may be beneficial for individuals with autoimmune and inflammatory 

conditions, but potentially detrimental for cancer patients.  In vitro and in vivo tumor studies have 

shown that PUFAs increase MDSC suppressive potency and the rate of MDSC differentiation from mouse 

bone marrow progenitor cells.  PUFAs mediate their effect through JAK-STAT3 signaling which increases 

MDSC NADPH oxidase subunit p47(phox), a critical regulator of MDSC production of ROS [45] (Figure 

3B).    

 Other studies have shown that in contrast to effector T cells and M1 macrophages, which use 

glycolysis, MDSC use fatty acid oxidation as their energy supply [46].  Studies in mice demonstrated that 

tumor-infiltrating MDSC (TI-MDSC) are particularly fatty acid dependent.  The tumor microenvironment 

increases MDSC oxygen consumption and the biogenesis of mitochondria, and upregulates MDSC 

expression of enzymes critical for fatty acid oxidation.  Human peripheral blood and TI-MDSC display a 

similar dependence on fatty acid metabolism.  In vivo mouse studies demonstrated that inhibition of 

fatty acid oxidation increases the antitumor efficacy of adoptive T cell therapy, especially when 

combined with low-dose chemotherapy.  Subsequent studies revealed that tumor cells enhance lipid 

metabolism by TI-MDSC through their production of G-CSF and GM-CSF.  These cytokines induce 

signaling through STAT3 and STAT5 which increases TI-MDSC synthesis of lipid transport receptors 

resulting in an enhanced uptake of tumor-localized lipids.  The increased lipid metabolism not only 

raises the level of MDSC, but also enhances the ability of MDSC to suppress T cell activation [47] (Figure 

3C).     



 

Conclusions 

 MDSC were originally identified as immune suppressive cells that were induced by tumor-

secreted factors and promoted tumor progression.  It is now apparent that MDSC are also involved in 

other conditions including autoimmunity, infection, stress, and aging, as well as obesity.  In contrast to 

tumor-induced MDSC that are exclusively detrimental to the host, obesity-induced MDSC are at least 

partially beneficial to the host because they protect against some of the metabolic dysfunction 

associated with obesity.  Recent studies have demonstrated that MDSC are also beneficial to the host 

during pregnancy, since they facilitate implantation and protect the allogeneic early embryo from 

immune-mediated rejection [48].  They may also play a moderating role in autoimmunity by down-

regulating both cellular and antibody-mediated anti-self responses [49].  Given these beneficial effects, 

MDSC may have evolved to protect the host against metabolic and immune dysfunction and to facilitate 

reproduction.  However, as they have done for other cell populations such as macrophages, dendritic 

cells, and T regulatory cells, tumors have co-opted MDSC to promote their own growth.   

 Inflammation is the unifying condition that drives the accumulation of MDSC.  Cancer, 

autoimmunity, infection, and obesity typically involve overlapping pro-inflammatory mediators, so it is 

not unexpected that MDSC should accumulate in obese individuals.  What is unusual about MDSC in 

obesity is that they are simultaneously protective and detrimental.  Since obese individuals have an 

increased risk of developing cancer and their tumors progress more rapidly, the pro-tumor effects of 

MDSC likely out-weigh the protective effects.  MDSC are known to use a variety of disparate 

mechanisms to promote tumor growth. Studies of MDSC in obesity are at an early stage, and at present 

it is not understood how MDSC reduce glucose levels or protect against insulin tolerance.  If MDSC use 

different mechanisms to deter metabolic dysfunction and promote tumor progression, then the 

beneficial effects of MDSC could be harnessed while eliminating MDSC tumor-promoting activity. 
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Figure captions 

Figure 1.  MDSC development, accumulation, suppressive activity, and survival are regulated by a 

complex network of transcription factors, cytokines, and non-cytokine immune regulatory factors 

produced by tumor cells and host cells.  MDSC originate from the common myeloid progenitor (CMP) 

cell in the bone marrow (also in the spleen of mice) during myelopoiesis.  There are two subtypes of 

MDSC:  mononuclear (M-MDSC) and polymorphonuclear or granulocytice MDSC (PMN-MDSC).  Tumor 

cells and/or host cells in the periphery produce cytokines and other factors that drive MDSC 

differentiation.  From the bone marrow (and spleen of mice), MDSC circulate in the blood and home to 

sites of inflammation and to solid tumors.  Within an inflammatory milieu such as the tumor 

microenvironment, a variety of factors promote MDSC suppressive activity.  The survival of MDSC is 

facilitated by some of the same conditions and mediators that regulate MDSC accumulation, as well as 

genes that limit apoptosis.  A variety of cells including  tumor cells, adipocytes, macrophages, mast cells, 

dendritic cells, and cancer-associated fibroblasts produce molecules that regulate MDSC.  

 

Figure 2.  Adipose tissue drives the accumulation of MDSC which protect against some obesity-induced 

metabolic dysfunction, but promote tumor progression.  The chronic inflammatory milieu of adipose 

tissue induces the accumulation of PMN-MDSC and M-MDSC.  The induced MDSC reduce elevated blood 

glucose levels insulin tolerance associated with obesity, but simultaneously increase the accumulation of 

fat cells.  Obesity-induced MDSC have enhanced potency and promote tumor growth by suppressing 

tumor-reactive T cells and preventing the entry of activated T cells into the tumor microenvironment.  

 

Figure 3.  Obesity-associated molecules increase the accumulation and potency of MDSC through at 

least three independent mechanisms.  (A) Chronic inflammation in adipose tissue induces the over-

production of leptin which drives the accumulation of MDSC in blood and in solid tumor.  Elevated levels 



of MDSC decrease leptin production resulting in feedback, feed-forward regulation of both leptin and 

MDSC.  Leptin-induced MDSC in the tumor microenvironment have elevated expression of PDL1, which 

may contribute to their increased suppressive activity.  (B) PUFAs increase the differentiation of MDSC 

from bone marrow progenitor cells and enhance MDSC suppressive activity by activating STAT3 which 

increases the p47 subunit of NOX2.  ROS are upregulated resulting in an increase in peroxynitrite which 

subsequently causes anergy of activated T cells and impairs activation of naïve T cells.  (C)  G-CSF and 

GM-CSF generated within the tumor microenvironment increase PMN-MDSC and M-MDSC uptake of 

lipids by upregulating MDSC synthesis of the lipid receptors CD36 and Msr1.  Fatty acid oxidative 

enzymes are also upregulated in the MDSC, resulting in increased suppressive activity due to increased 

arginase I and peroxynitrite 

 

 

 

 



Figure 1 

Figure 1. MDSC development, accumulation, suppressive activity, and survival are regulated by a complex network of 
transcription factors, cytokines, and non-cytokine immune regulatory factors produced by tumor cells and host cells.
MDSC originate from the common myeloid progenitor (CMP) cell in the bone marrow (also in the spleen of mice) during 
myelopoiesis.  There are two subtypes of MDSC:  mononuclear (M-MDSC) and polymorphonuclear or granulocytice
MDSC (PMN-MDSC).  Tumor cells and/or host cells in the periphery produce cytokines and other factors that drive 
MDSC differentiation.  From the bone marrow (and spleen of mice), MDSC circulate in the blood and home to sites of 
inflammation and to solid tumors.  Within an inflammatory milieu such as the tumor microenvironment, a variety of 
factors promote MDSC suppressive activity.  The survival of MDSC is facilitated by some of the same conditions and 
mediators that regulate MDSC accumulation, as well as genes that limit apoptosis.  A variety of cells including  tumor 
cells, adipocytes, macrophages, mast cells, dendritic cells, and cancer-associated fibroblasts produce molecules that 
regulate MDSC. 
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Figure 2.  Adipose tissue drives the accumulation of MDSC which protect against some obesity-induced 
metabolic dysfunction, but promote tumor progression. The chronic inflammatory milieu of adipose tissue 
induces the accumulation of PMN-MDSC and M-MDSC.  The induced MDSC reduce elevated blood glucose levels 
insulin tolerance associated with obesity, but simultaneously increase the accumulation of fat cells.  Obesity-
induced MDSC have enhanced potency and promote tumor growth by suppressing tumor-reactive T cells and 
preventing the entry of activated T cells into the tumor microenvironment.
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Figure 3 .  Obesity-associated molecules increase the accumulation and potency of MDSC through at least 
three independent mechanisms. (A) Chronic inflammation in adipose tissue induces the over-production of 
leptin which drives the accumulation of MDSC in blood and in solid tumor.  Elevated levels of MDSC decrease 
leptin production resulting in feedback, feed-forward regulation of both leptin and MDSC.  Leptin-induced MDSC 
in the tumor microenvironment have elevated expression of PDL1, which may contribute to their increased 
suppressive activity. (B) PUFAs increase the differentiation of MDSC from bone marrow progenitor cells and 
enhance MDSC suppressive activity by activating STAT3 which increases the p47 subunit of NOX2.  ROS are 
upregulated resulting in an increase in peroxynitrite which subsequently causes anergy of activated T cells and 
impairs activation of naïve T cells. (C)  G-CSF and GM-CSF generated within the tumor microenvironment 
increase PMN-MDSC and M-MDSC uptake of lipids by upregulating MDSC synthesis of the lipid receptors CD36 
and Msr1.  Fatty acid oxidative enzymes are also upregulated in the MDSC, resulting in increased suppressive 
activity due to increased arginase I and peroxynitrite.  
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