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Background: Obesity is defined as a chronic, low-grade inflammatory disease that can 
cause obesity-associated disorders, such as cancer. Obesity has traditionally been thought to 
be a risk factor for ovarian cancer. Few reports have focused on the specific pathogenesis of 
obesity-related ovarian cancer. When considering the correlation between obesity and the 
relative risk of death from ovarian cancer, we investigated whether obesity promotes tumor 
immune escape in ovarian cancer.
Results: In the present study, obese mice were found to have higher rates of tumor growth and 
tumor infiltration than mice of normal weight. Obesity increased the proportion of myeloid- 
derived suppressor cells (MDSCs) in peripheral blood compared with mice of normal weight. In 
addition, the levels of CCL25, CD40L, GM-CSF, IL-5, IGFBP2, IL-6, MMP3, and MMP9 in the 
peripheral blood, bone marrow, and ovarian tissue of obese mice were higher than in mice of 
normal weight. Moreover, IL-5 and IL-6 significantly enhanced the expression levels of S100A8 
and S100A9 in MDSCs. When compared with the levels in mice of normal weight, the 
expression levels of S100A8 and S100A9 in the MDSCs of OB/OB mice were also higher 
within the tumor microenvironment. The infiltration of MDSCs in ovarian cancer was found to 
be positively correlated with the expression levels of IL-6. The IL-6 expression levels in ovarian 
cancer tissue are positively correlated with the expression levels of S100A8 and S100A9, which 
is consistent with the results of previous animal experiments. Finally, we found that LMT28 can 
suppress the tumor growth by inhibiting IL-6.
Conclusion: Obesity promotes the expression of the MDSC-related immunosuppressive 
genes S100A8 and S100A9 by upregulating IL-6, thus promoting tumor immune evasion and 
metastasis in ovarian cancer.
Keywords: ovarian cancer, obesity, MDSCs, IL-6

Introduction
Ovarian cancer is the most malignant type of cancer; it has the highest mortality rate 
among gynecological tumors and seriously threatens the lives and health of women. 
Ovarian cancer patients are rarely diagnosed at early time points; additionally, they 
have poor prognosis and suffer frequent recurrence. Furthermore, there were 22,530 
new cases and 13,980 deaths from ovarian cancer in the United States in 2019.1 More 
than 70% of patients diagnosed with ovarian cancer are in the late stages of the disease, 
and this constitutes the principal cause of the high rate of mortality.2

Obesity represents a major global health problem. The incidence of overweight 
and obesity-related cancers has globally increased over the past decades. Studies 
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have indicated that obesity is related to the development of 
a variety of malignant tumors, including ovarian cancer.3 

However, the mechanism by which obesity promotes the 
occurrence of ovarian cancer is not fully understood; 
therefore, additional studies are required to explore the 
mechanism by which obesity promotes its occurrence.

Myeloid-derived suppressor cells (MDSCs) are imma-
ture cells with powerful immunosuppressive functions that 
are elicited in abnormal conditions, such as during acute or 
chronic inflammation, trauma, and tumor formation.4 The 
mechanisms of MDSC-mediated immune suppression 
include the activation of regulatory T-cells, increased 
expression of the immune-suppressive cytokines trans-
forming growth factor β (TGF-β) and interleukin 10 (IL- 
10), the sequestration of cysteine, and decreased expres-
sion levels of L-selectin by T-cells, among other 
mechanisms.5 Studies have also demonstrated that 
MDSCs can enhance gene expression in ovarian cancer 
stem cells and promote tumor formation and metastasis.6 

Previous studies have also found that the frequency of 
MDSCs is significantly increased in obese individuals; 
however, the question of whether obesity promotes the 
occurrence of ovarian cancer by promoting the generation 
of MDSCs has not been studied.

Methods
Ethics Approval and Consent to 
Participate
This study received approval from the Ethics Committee 
of Tongji University Laboratory Animal Resources 
Agency (Approve number: TJAB05720101). Significant 
efforts were made to minimize both the number of animals 
and their suffering. All of the procedures were strictly 
conducted in conformity to the International Code of 
Ethics in Laboratory Animals and national regulations.

Animals and Cells
Animals: Female C57BL/6J mice (4–6-weeks-old) and 
female BALB/c nude mice (4–6-weeks-old) were pur-
chased from Slac Laboratory Animals (Shanghai). 
Female OB/OB mice (4-weeks-old) were purchased from 
Gempharmatech Co., Ltd. (Jiangsu) and housed in specific 
pathogen-free (SPF) conditions within the Tongji 
University School (Shanghai). All of the animal experi-
mental protocols were approved by the University 
Laboratory Animal Resources Agency.

Cell lines: The mouse EOC cell line ID8 was obtained 
from FuHeng Bio at 2015 (FuHeng Cell Center; FH1075). 
The ID8 cell line was cultured in high-glucose Dulbecco’s 
modified Eagle medium (DMEM, Gibco, BJ, China) sup-
plemented with 10% fetal bovine serum (FBS, Gibco, BJ, 
China) and 1% streptomycin/penicillin (Gibco, BJ, China) 
at 37 °C in a humidified atmosphere containing 5% CO2.

Mouse Model
For the diet-induced obesity (DIO) model, 5-week-old 
female C57BL/6J mice were fed a high-fat (HF; 60% 
kcal, Beijing HFK Bioscience Co., Ltd) or low-fat (LF; 
10% kcal, Jiangsu Xietong Pharmaceutical Bioengineering 
Co., Ltd) irradiated rodent diet for 18 weeks to establish 
the DIO model. Weight was monitored once per week. 
After the DIO model was established, the mice were 
injected with tumor cells or euthanized for the analysis 
of MDSCs in the peripheral blood by using flow 
cytometry.

For the OB/OB model, 4-week-old female OB/OB 
mice were fed a low-fat (LF; 10% kcal)-irradiated rodent 
diet. In these mice, weight gain was due to a homozygous 
mutation in the leptin (Lep) gene, which resulted in over-
eating and rapid weight gain. Weight was monitored once 
per week starting at 5-weeks-old. After the weight of the 
mice reached > 40 g, the mice were injected with tumor 
cells or euthanized for the analysis of MDSCs in the 
peripheral blood by using flow cytometry.

For the Balb/c obesity-resistant model, 5-week-old WT 
Balb/c mice were fed either a HF or LF diet for 18 weeks. 
Balb/c mice did not gain weight even when fed a HF diet. 
The mice were euthanized after 18 weeks for the analysis 
of MDSCs in the peripheral blood by using flow 
cytometry.

In vivo Experiments
Mice were administered 5×106 ID8-Luc-pur cells in 
0.5 mL phosphate buffered saline (PBS) (Gibco, BJ, 
China) by using intraperitoneal injections. D-luciferin 
(100 mg/kg) (Gold Bio, US) was used to detect the expres-
sion of Luc, which indicated tumors in the DIO model 
mice. Tumor progression was evaluated by capturing 
images with the use of a NightOWL II LB 983 in vivo 
imaging system twice per week or once a week. IndiGo 
software was used for the image analysis. The peritoneum, 
diaphragm, and mesentery were harvested from mice and 
preserved by using formalin fixation and paraffin 
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embedding (FFPE) at the time of sacrifice. The endpoint of 
the experiment was death due to the effects of the tumor.

Two group OB/OB mice were used to confirm the role 
of IL-6 in obesity-mediated ovarian cancer metastasis. 
LMT28 (MCE, SH, China) as an IL-6 inhibitor was used 
in the experiment. LMT28 (5mg/kg) in 100 μL normal 
saline (group LMT28) and 100 μL normal saline (group 
Ctrl) was injected intraperitoneally every day after mice 
were administered 5×106 ID8-Luc-pur cells.

Flow Cytometry
Blood was collected from the mice via the orbital vein and 
subsequently centrifuged at low speed to ensure that the 
complete sample was at the bottom of the tube. A total of 
100 μL of whole blood was tested in each sample. Red cell 
lysate (Biogems, WV, CA) was added, and tubes were 
centrifuged immediately at 1500 rpm/min for 5 minutes. 
The cells were incubated with the appropriate conjugated 
antibody at 4 °C for 5 minutes prior to analysis. Mouse 
MDSCs were defined as Cd11b+Ly-6G+ cells.

ELISA
Mouse C-C motif chemokine ligand 25 (CCL25), CD40 
ligand (CD40L), granulocyte-macrophage colony- 
stimulating factor (GM-CSF), interleukin 5(IL-5), insulin 
like growth factor binding protein 2(IGFBP2), interleukin 
6(IL-6), matrix metallopeptidase 3(MMP3), and matrix 
metallopeptidase 9(MMP9) ELISA kits (MEXN, SH, 
China) were used to measure the expression levels of 
CCL25, CD40L, GM-CSF, IL-5, IGFBP2, IL-6, MMP3, 
and MMP9, respectively, in the peripheral blood, bone 
marrow and ovarian tissue of mice in the different groups 
(in accordance with the manufacturer’s instructions). The 
optical density of each well was measured by using 
a microplate reader at a wavelength of 450 nm.

Quantitative Real Time PCR (qRT–PCR) 
Analysis
Total RNA was extracted by using the RNAiso reagent 
(Takara, DL, China), in accordance with the manufac-
turer’s instructions. cDNA was synthesized by using 
a PrimeScript RT reagent kit (Takara, DL, China). qRT– 
PCR analysis was performed by using SYBR Green qPCR 
Master Mix (Bio–Rad, SH, China). Mouse S100 calcium 
binding protein A8 (S100A8) and S100 calcium binding 
protein A9 (S100A9), and β-actin (the internal control) 

expression levels were quantified. Primer sequences are 
detailed in Table S1 of the Supporting Information.

Analysis of Ovarian Cancer in the TCGA 
Database
The tumor-immune system interactions database (TISIDB, 
cis.hku.hk/TISIDB/), which is an integrated repository 
web portal, was used to validate the association between 
IL-6 and the infiltration of MDSCs in ovarian cancer. The 
results were measured by using a Spearman correlation 
analysis (P < 0.05). The cBioPortal for Cancer Genomics 
(http://cbioportal.org), which is used to explore, visualize, 
and analyze multidimensional cancer genomics data,7 was 
used to determine gene co-expression relationships in 
ovarian cancer based on data from the TCGA database. 
The significance of gene co-expression in ovarian cancer 
was calculated by using a Spearman correlation analysis (P 
< 0.05).

Statistical Analysis
Data were analyzed by using GraphPad Prism 7 software 
for Windows. Student’s t-tests were used to determine the 
significance of the differences. Data are presented as 
means ± s.d. The following P values (*P < 0.05; **P < 
0.01; and ***P < 0.001) were considered to be statistically 
significant.

Results
Obesity Promotes Tumor Progression 
and Metastasis in Ovarian Cancer
To explore the effect of obesity on the development of 
ovarian cancer, a ID8 cell line was used to establish 
a metastasizing ovarian cancer C57BL/6 model, in order to 
observe ovarian cancer growth and metastasis. After the 
injection of ID8-Luc-pur cells, tumor growth was observed 
twice a week until death by using a bioluminescence imaging 
system. After tumor cells were injected into the peritoneal 
cavity of the mice, fluorescent signals from the tumor cells 
could be detected in the organs of the mice. The intensity of 
the bioluminescent signal depended on the tumor load. The 
HF group exhibited an enhanced tumor load after week 3, 
compared with the LF group (Figure 1A). Furthermore, 
tumor load in the HF group increased more rapidly than 
that in the LF group (Figure 1B). The peritoneum, dia-
phragm, and mesentery displayed greater degrees of tumor 
invasion in the HF group (Figure 1C). In addition, the pre-
sence of tumors was confirmed via haematoxylin-eosin 
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(H&E) staining (Figure 1D). The results demonstrated that 
the presence of obesity promoted tumor growth in vivo.

Obesity Upregulates the Proportion of 
MDSCs in the Peripheral Blood of Mice
The DIO model was used to investigate the effects of obesity 
on MDSCs. Wild-type (WT) C57BL/6 female mice were fed 
either a high-fat (HF; 60% kcal) or low-fat (LF; 10% kcal) 
diet for 18 weeks, followed by a flow cytometric analysis. 
When compared with the LF group, the HF group exhibited 
an elevated proportion of CD11b + Gr1+ myeloid cells 
(~1.36–6.85% of total cells) (Figure 2A–C). To establish 
whether the increase in MDSCs in the peripheral blood was 
due to high levels of adiposity or the content of the diet, OB/ 
OB and BALB/c models were used. The OB/OB model of 
obesity was initially studied. The mice were fed a low-fat diet 
and displayed rapid weight gain (Figure 2D) due to leptin 
deficiency. An elevated proportion of MDSCs was observed 
in the peripheral blood, as demonstrated by flow cytometry 

(Figure 2E and F). A BALB/c model of obesity resistance 
was used in a reciprocal experiment. WT BALB/c mice did 
not gain weight when fed either a HF or LF diet for 18 weeks 
(Figure 2G). Unlike the majority of other mouse strains, 
BALB/c mice exhibit an inherently obesity-resistant pheno-
type. There was no significant difference in the proportion of 
MDSCs between the two diets (Figure 2H and I), in contrast 
to the DIO or OB/OB mice. The previously described data 
indicate that the increase in MDSCs in the peripheral blood is 
due to the high adiposity of obese mice rather than due to the 
nutrient content of the diet.

Obesity Upregulates Cytokine Levels in 
Peripheral Blood, Bone Marrow, and 
Ovaries of Mice
Afterwards, we wished to establish potential regulators of 
MDSC elevation in the peripheral blood due to obesity. We 
hypothesized that circulating factors may be involved in 

Figure 1 Obesity promotes tumor progression and metastasis of ovarian cancer. (A) The tumor flux (counts) was observed twice per week using a bioluminescence imaging 
system. The first week was defined as days 1 to 8. Fluorescent intensity (counts) from tumors in the two groups was compared at week 3 (n = 3 mice/per group); t-test. (B) 
Fluorescent intensity (counts) in the two groups was compared during weeks 1–3 twice per week (n = 3 mice/per group); t-test. (C) Typical images of mice from the two 
groups displaying tumors in the enterocoelia. (D) H&E staining of the peritoneum, diaphragm, and mesentery tissue in the two groups. *P < 0.05, **P < 0.01, ***P < 0.001.
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regulating the numbers of MDSCs. Previous studies have 
demonstrated that 8 factors are elevated in both humans and 
mice; namely, CCL25, CD40L, GM-CSF, IL-5, IGFBP2, IL- 
6, MMP3, and MMP98.8 The expression of these factors 
was measured in the peripheral blood, bone marrow, and 
ovarian tissue of mice by using ELISA. The results con-
firmed that the expression levels of CCL25, CD40 L, GM- 
CSF, IL-5, IGFBP2, IL-6, MMP3, and MMP9 were signifi-
cantly higher in the peripheral blood, bone marrow, and 
ovaries of HF mice than in those of LF mice (Figure 3A– 
H). In summary, the expression levels of CCL25, CD40L, 
GM-CSF, IGFBP2, IL-5, IL-6, MMP-3, and MMP-9 were 
shown to be significantly increased in the peripheral blood, 
bone marrow, and ovaries of obese mice. These data indicate 
that obesity upregulates the expression of cytokines in the 

circulatory systems and target organs of mice and promotes 
the immunosuppressive function of MDSCs, thus promoting 
the development of ovarian cancer.

Obesity Enhances MDSC Immune 
Suppression by IL-6 in the Tumor 
Microenvironment
We investigated whether obesity affects the capability of 
MDSCs to exhibit immune suppression in the tumor 
microenvironment. We hypothesized that obesity would 
enhance immune suppression via MDSCs. First, we estab-
lished that the expression levels of S100A8 and S100A9 in 
MDSCs in OB/OB mice were higher in the tumor micro-
environment than in mice of a normal weight (Figure 4A). 
Afterwards, we investigated the relationship between 

Figure 2 Obesity upregulates the proportion of MDSC in peripheral blood in mice. (A) Weight curves in DIO model mice. Five-week-old female BL6 mice were fed an LF 
or HF diet for 18 weeks. n=5 mice per group; means ± s.e.m. (B) Representative flow cytometry plots of myeloid-derived suppressor cells (MDSCs) from peripheral blood. 
(C) Flow cytometry plots of MDSCs in peripheral blood in the DIO model after 18 weeks. n=5 mice per group. (D) Weight curves in OB/OB model mice. Female OB/OB or 
wild-type (WT) mice were fed a normal diet until a predefined weight endpoint of >40g. n=5 mice per group; means ± s.e.m. (E) Representative flow cytometry plots, as 
displayed in (B). (F) Flow cytometry plots of MDSCs in peripheral blood in the Ob/Ob model after 6 weeks. n=5 mice per group. (G) Weight curves for Balb/c model mice. 
Five-week-old female Balb/c mice were fed an LF or HF diet for 18 weeks. n=5 mice per group; means ± s.e.m. (H) Representative flow cytometry plots, as displayed in (B). 
(I) Flow cytometry of MDSCs in peripheral blood in Balb/c model mice after 18 weeks. n=5 mice per group. t test, *P < 0.05, **P < 0.01.
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S100A8 and S100A9 and the upregulated cytokines. We 
found that recombinant proteins of IL-5 and IL-6 upregu-
lated the expression levels of S100A8 and S100A9 in 
MDSCs in vitro (Figure 4B). TISIDB was used to validate 
the association between IL-6 and the MDSCs. The results 
indicated that the infiltration of MDSCs in ovarian cancer 
was positively correlated with IL-6 (Figure 4C). Finally, 
the cBioPortal website was used to analyze gene co- 
expression in ovarian cancer patients. The results demon-
strated that the expression levels of IL-6 in ovarian cancer 
tissue were also positively correlated with the expression 
levels of S100A8 and S100A9, which is consistent with 
the results of previous animal experiments (Figure 4D–E). 
Thus, in both mice and humans, obesity enhanced MDSCs 
immune suppression by upregulating IL-6 in ovarian 
cancer.

Furthermore, we used LMT28 to confirm the role of 
IL-6 in obesity-mediated ovarian cancer metastasis by 
building a metastasizing ovarian cancer OB/OB mice 
model. The LMT28 group exhibited an attenuated tumor 

load after week 6, compared with the Ctrl group 
(Figure 4F). Furthermore, tumor load in the LMT28 
group increased more slower than that in the Ctrl group 
(Figure 4G). In addition, the presence of tumors was con-
firmed via haematoxylin-eosin (H&E) staining 
(Figure 4H). The results demonstrated that the IL-6 did 
promote tumor growth in obese mice in vivo while 
LMT28 attenuated its effect.

Discussion
Ovarian cancer elicits the greatest mortality for female 
reproductive system malignant tumors throughout the 
world. Ovarian cancer is usually diagnosed at an advanced 
stage, as the early stages of the disease have no apparent 
symptoms; additionally, to date, the efficacy of screening 
has not been demonstrated in prospective randomized con-
trolled trials. Therefore, the identification of risk factors 
for ovarian cancer is of great importance in reducing its 
lethality. We found that obesity promotes tumor progres-
sion and metastasis in ovarian cancer.

Figure 3 Obesity upregulates cytokine levels in peripheral blood, bone marrow, and ovarian tissue in mice. ELISA analyses of the cytokine expression: (A) CCL25, (B) 
CD40L, (C) GM-CSF, (D) IL-5, (E) IGFBP2, (F) IL-6, (G) MMP3, (H) MMP9. t-test, *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4 Obesity can enhance MDSC immune suppression via IL-6 in the tumor microenvironment. (A and B) Quantitative real-time PCR analysis of S100A8 and S100A9 
expression in MDSCs from the bone marrow of different groups, t test. *P < 0.05, **P < 0.01, ***P < 0.001. (C) Relationship between MDSCs and IL-6. The relationship 
between S100A8, S100A9 and cytokines: (D) IL-5, (E) IL-6. (F) Fluorescent intensity (counts) from tumors in the two groups was compared at week 6 (n = 3 mice/per 
group); t-test. (G) Fluorescent intensity (counts) in the two groups was compared during weeks 1–6 (n = 3 mice/per group); t-test. (H) H&E staining of the peritoneum, 
diaphragm, and mesentery tissue in the two groups. *P < 0.05, **P < 0.01, ***P < 0.001.
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When compared with the tumor volume in the control 
group, the tumor volume was found to more rapidly 
increase in obese mice. Studies have shown that obesity 
can promote tumor progression via inflammation, changes 
in microenvironmental fat in local and circulatory meta-
bolism, and inflammatory mediators that are associated 
with fat inflammation.9 Moreover, adipose tissue not only 
stores fat, but also acts as an endocrine organ that is able to 
overproduce the proinflammatory cytokines tumor necro-
sis factor (TNF), C-C motif chemokine ligand (CCL-2), 
and interleukin 4(IL-4), thus inducing chronic inflamma-
tion, which is believed to be a principal mechanism in 
ovarian cancer.10 However, the mechanism of obesity and 
the occurrence of ovarian cancer have not been clarified. 
Our data indicate that obesity can indeed promote the 
progression and metastasis of ovarian cancer.

By using the DIO model, the proportion of MDSCs in 
the peripheral blood was found to be higher in obese mice. 
MDSCs appear to play an important role in promoting 
ovarian cancer cell proliferation. MDSCs are a type of 
immature immunosuppressive cell that is produced under 
abnormal conditions and are concentrated in the blood, 
lymph, bone marrow, and other tissues, and they possess 
strong immunosuppressive properties. MDSCs can sup-
press anti-tumor immunity through a variety of mechan-
isms, such as via the prevention of activation signals in 
CD4+ and CD8+ T-cells through the amino acid metabolic 
pathway;11,12 the inhibition of T-cell activation via the 
production of ROS or PD-L1;13,14 and the secretion of 
immunosuppressive factors (TGF-β, IL-10, and interleukin 
12 (IL-12), among other factors),15,16 thus allowing tumor 
cells to escape immune surveillance and attack the host, as 
well as the promotion of tumor progression. In addition, 
we also found that obesity upregulates the expression 
levels of CCL25, CD40L, GM-CSF, IGFBP2, IL-5, IL-6, 
MMP-3, and MMP-9 in the blood, bone marrow, and 
ovaries in mice. CCL25 promotes the metastasis and inva-
sion of ovarian cancer by interacting with C-C motif che-
mokine receptor 9(CCR9) produced by ovarian cancer 
cells.17 Moreover, GM-CSF directly promotes the prolif-
eration of tumor cells.18 Furthermore, IL-5 can induce 
chemotaxis, and the activation of integrin CD11b19 and 
IL-6 reduces T-cell activation, thus stimulating prolifera-
tion and metastasis in ovarian cancer.20,21 The MMP 
family causes the degradation of the extracellular matrix 
and participates in tumor-related angiogenesis.22

Next, we found that expression level of immunosuppres-
sive associated genes in MDSCs, including S100A8 and 

S100A9 were upregulated in OB/OB mice in the tumor 
microenvironment. And S100A8 and S100A9 can also be 
upregulated by IL-5 and IL-6 in vitro. Further, we found that 
the expression level of S100A8 and S100A9 in ovarian 
cancer tissue were positively correlated with those of IL-6, 
as displayed in the TCGA database. And the infiltration of 
MDSCs in ovarian cancer was positively correlated with the 
expression level of IL-6. Previous studies have shown that 
the majority of obese patients present a reduced release of the 
anti-inflammatory adipokine adiponectin and an increased 
release of the pro-inflammatory adipokine leptin. Moreover, 
a shift from the M2 anti-inflammatory to the M1 pro- 
inflammatory macrophages that infiltrate the adipose tissue, 
triggers the release of pro-inflammatory cytokines, mainly 
TNFα and IL-6.23 IL-6 can recruit MDSCs into the tumor 
microenvironment and promote the release of immunosup-
pressive associated genes in MDSCs by activating the 
STAT3 signaling pathway.24,25 Finally, we found that IL-6 
inhibitor LMT28 can suppress the growth of ovarian cancer 
in obese mice which may be a potential treatment for ovarian 
cancer in obese patients. These data suggest that obesity can 
upregulate the expression levels of S100A8 and S100A9 by 
promoting IL-6 expression, which enhances the progression 
and metastasis of ovarian cancer.

Conclusion
In summary, these data suggest that obesity effectively 
increases the proportion of MDSCs in the peripheral 
blood and promotes ovarian cancer tumor immune evasion 
through immune suppression by MDSCs via the upregula-
tion of IL-6 in ovarian cancer. These data suggest that 
maintaining a physically fit lifestyle may have 
a beneficial effect on the progression of ovarian cancer 
and provide helpful information and direction for elucida-
tion of therapeutic marker of ovarian cancer in obese 
patients.

Abbreviations
MDSCs, myeloid-derived suppressor cells; TISIDB, 
tumor-immune system interactions database; DIO model, 
Diet-induced obesity model; HF, high-fat; LF, low-fat; 
qRT-PCR, Quantitative real time PCR.
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