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Abstract: Obesity induces chronic inflammation and is associated with one-fifth of cancer deaths. Triple negative 

breast cancer (TNBC) has a higher death rate and increased proinflammatory chemokines compared to other breast 

cancer subtypes. Obesity leads to reduced overall survival in patients with TNBC. Here, we investigated if obesity-

induced inflammation is involved in the progression of TNBC using cell line and animal models. Adipocyte-

conditioned media (CM) increased cell viability, migration, and proinflammatory chemokines in mouse PY8119 

TNBC cells, which reflect well human mesenchymal-like TNBC cells, compared to preadipocyte-CM. The ob/ob 

mice enhanced the progression of PY8119 cells by increasing the intensity of bioluminescence imaging, tumor 

volume and weight, and proinflammatory chemokines, compared to the wild-type mice. Furthermore, the immune 

contexture showed the higher levels of macrophage and CD4 cells in tumors of obese mice. Taken together, obesity 

may accelerate the progression of TNBC, revealing increased proinflammatory chemokines and altered immune 

contexture in the tumor microenvironment. 
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1. Introduction 

Breast cancer (BC) is the most common type of women cancers, showing the second leading cause of cancer 

deaths. The five-year survival rate is 99.6% for localized BC, but only 31.9% for distant-stage BC [1]. Molecular 

subtypes of BC are widely classified as follows: estrogen receptor (ER) and/or progesterone receptor (PR) positive 

(+) and human epidermal growth factor receptor 2 (HER2) negative (‒) luminal A (LA) subtype; ER and/or PR+ 

and HER2+ luminal B (LB) subtype; ER‒, PR‒ and HER2+ HER2-enriched (HER2) subtype; ER‒, PR‒ and 

HER2‒basal-like (BL) subtype [2]. Particularly, triple-negative BC (TNBC) does not express ER, PR, and HER2, 

and shows aggressive tumorigenicity with risk of metastasis and recurrence followed by high mortality due to a 

lack of targets for treatment compared to non-TNBC subtypes [3–6]. Accordingly, finding specific therapeutic 

targets for TNBC is critical in treating TNBC. Chemokines have chemoattractant potential for cancer progression 

and metastasis. TNBC expressed dominantly proinflammatory chemokines, such as CXCL1 and 8, compared to 

non-TNBC [7]. 

The incidence of obesity has been increasing rapidly and globally [8]. Obesity contributes to one-fifth of 

cancer deaths [9]. Obesity is a risk factor for postmenopausal BC, and growing evidence indicates that abdominal 

obesity, known as central obesity, may increase risk for TNBC [10]. Meta-analysis on overall survival data 

between lean and obese TNBC patients showed that obesity is associated with poor overall survival of women 

with TNBC [11]. Cancer immunotherapy may be a promising treatment approach for TNBC under poor clinical 

outcome. Obesity has emerged to dampen anti-tumor immune response and increase immunotherapy-induced 

adverse events [12]. Therefore, obesity can harmfully affect the development of TNBC and cancer prognosis. 

Interestingly, overweight and obese cancer patients have better survival in diverse cancers, including esophageal, 

lung, colorectal, renal, and gastric cancers, and leukemia [13], presenting the obesity paradox in cancer. The 

relationship between obesity and cancer survival still faces ongoing issues, requiring further studies. Obesity 

induces chronic inflammation [14], appearing as a risk factor for many diseases, such as diabetes, cardiovascular 

disease, and cancer [15]. 
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This study was designed to investigate if obesity-induced inflammation is involved in the progression of 

TNBC using cell line and animal models. In cell line model, we used the mouse fibroblast 3T3-L1 cell line to 

obtain preadipocyte- and adipocyte-conditioned media (CM) during adipogenesis. Furthermore, how adipocyte-

CM affect the progression and chemokine signature of TNBC cells was evaluated when compared to preadipocyte-

CM. In the animal model, ovariectomized mice were used to reflect a postmenopausal condition. We generated 

mouse TNBC PY8119Luc cells for bioluminescence imaging in an ob/ob mouse model and investigated if ob/ob 

mice had a greater effect on the tumor growth, proinflammatory chemokines, and immune contexture, compared 

to wild-type animals. These outcomes suggest that obesity contributes to the progression of TNBC by potentiating 

cell viability and migration, increasing proinflammatory chemokines, and altering immune contexture, showing 

the impact of obesity-induced inflammation. 

2. Materials and Methods 

2.1. Adipogenesis and Lipid Staining 

The mouse fibroblast cell line 3T3-L1 (CL-173) was purchased from American Type Culture Collection (ATCC, 

Manassas, VA, USA). Cells were cultured in Dulbecco’s Modified Eagle’s medium (DMEM) with 10% calf serum 

(Invitrogen, Carlsbad, CA, USA) at 37 °C in a water-saturated atmosphere of 95% air and 5% CO2, avoiding over-

confluency (>70%) of the cells prior to differentiation. Differentiation was performed as described previously [16]. 

Undifferentiated and differentiated cells were washed with sterile phosphate-buffered saline (PBS) and cultured 

for an additional 48 h in complete DMEM media followed by centrifugation for preadipocyte- and adipocyte-

conditioned media (CM) collection and storage at −80 °C for future use. All cell culture media were acquired from 

Invitrogen. The Oil Red O staining was used to confirm lipids in adipocytes. Briefly, we fixed cells in 4% 

paraformaldehyde in PBS for 15 min, washed the cells with PBS, stained cells with Oil Red solution for 1 h at 

room temperature, washed the cells with distilled water, and took photos of cells under microscopy (40×). 

2.2. Cell Culture and Generation of Stable PY8119 Luciferase (PY8119Luc) TNBC Cell Line 

To develop a C57BL/6J-based TNBC mouse model, we employed PY8119 cells obtained from 

spontaneously arising tumors in MMTV-PyMY (mouse mammary tumor virus promoter driven Polyoma middle 

T-antigen) transgenic C57BL/6 female mice [17]. PY8119 cells are derived from a mesenchymal-like (ML) murine 

mammary tumor cell line and are negative for expression of ER, PR, and HER2 [17,18]. C57BL/6-strain based 

PY8119 (ATCC® CRL-3278™) and BALB/c strain-based 4T1 (ATCC® CRL-2539™) cells were purchased from 

ATCC. Cell lines were grown in an incubator at 37 °C in a water-saturated atmosphere of 95% air and 5% CO2. 

PY8119 cells were cultured in Ham’s F-12K Medium supplemented with penicillin and streptomycin (each 100 

U/mL) and 5% fetal bovine serum (FBS). Roswell Park Memorial Institute 1640 (RPMI 1640) Medium 

supplemented with penicillin and streptomycin (each 100 U/mL) and 10% FBS was used to culture 4T1 cells. 

PY8119Luc cells were generated for bioluminescence imaging by stable transfection of a luciferase vector 

(pGL4.51[luc2/CMV/Neo]; Promega Corporation, Madison, WI, USA) into parental PY8119 TNBC cells as 

described previously [19,20]. 

2.3. Cell Viability 

Cell viability assay was performed using the cleavage of 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) to a colored product as described previously [19,20]. After 48 h incubation 

of cells with preadipocyte- and adipocyte-CM, respectively, cells were washed twice with phosphate-buffered 

saline (PBS) and then an MTT solution (1 mg/mL of phenol red-free media:PBS = 4:1) was added, followed by 3 

h incubation of cells under protection from light. The MTT solution was removed, and isopropanol was added to 

fully dissolve the MTT color product followed by shaking the plates on an orbital shaker. After complete 

solubilization was confirmed with no precipitates of MTT products, optical density was measured at 595 nm 

wavelength using a microplate reader (Bio-Rad, Hercules, CA, USA). All experimental values were normalized 

to values obtained from vehicle controls without cells. 
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2.4. Cell Migration 

Cell migration assay was performed as described previously [20]. Briefly, PY8119 cells (2 × 105 cells/mL in 

serum-free Ham’s F-12K Medium supplemented with 1% BSA) were seeded in the 24-well Transwell cell culture 

insert (VWR Corp., Radnor, PA, USA). The bottom chamber contained 0.5 mL preadipocyte- and adipocyte-CM 

as a chemoattractant. After being incubated for 24 h, the cells that remained inside the insert were gently removed 

with a cotton swab. Migrating cells remaining on the filter were fixed with 3.7% formaldehyde and stained with 

0.1% crystal violet. The cells were washed with PBS to remove overstaining. The number of migrating cells was 

counted under the microscope (400×) using five randomly chosen fields. Digital images were captured with BZ-

X700 All-in-One Fluorescence Microscope (KEYENCE). 

2.5. Western Blot 

Whole-cell lysates were prepared, fractionated on SDS-polyacrylamide gels, and transferred to nitrocellulose 

membranes according to established procedures [7]. The following primary antibodies were used: Akt, Erk, and 

IκB and their phosphorylated forms (Cell Signaling Technology, Beverly, MA, USA). The protein bands were 

visualized by chemiluminescence detection kits (MilliporeSigma, St. Louis, MO, USA). Tubulin (TU-02, Santa 

Cruz Biotechnology, Dallas, TX, USA) was used as a loading control. 

2.6. Data Analysis for Gene Expression Omnibus (GEO) 

GEO data analysis was carried out by using publicly available microarray datasets deposited in the National 

Center for Biotechnology Information GEO database (http://www.ncbi.nlm.nih.gov/geo/ accessed on 25 Jan. 2019) 

as described in previous studies [21,22]. 

2.7. Polymerase Chain Reaction (PCR) Array 

PCR array was performed as described in a previous study [20]. PCR array for customized mouse chemokines 

(CAMP10242) was designed and purchased from Qiagen (Frederick, MD, USA). Total RNA was isolated with 

the elimination of genomic DNA from TNBC cell samples. The reverse transcriptase reaction was performed at 

42 °C for 15 min followed by 94 °C for 5 min. A real-time PCR reaction for chemokines and chemokine receptors 

was performed according to the manufacturer’s instructions using a Bio-Rad CFX96 Touch Real-Time PCR 

System (Hercules, CA, USA) and the following two-step cycling program: 1 cycle at 95 °C for 10 min; and 40 

cycles at 95 °C for 15 s and at 60 °C for 1 min. Based on raw data obtained, data analysis was performed according 

to instructions of the GeneGlobe Data Analysis Center (https://geneglobe.qiagen.com/us/analyze/) supplied by 

Qiagen website. 

2.8. The ob/ob Mouse Model and Orthotopic Mammary Fat Pad Injection of PY8119Luc TNBC Cells 

A mouse model and procedure were evaluated under guidelines approved by the Institutional Animal Care 

and Use Committee at Meharry Medical College and the NIH guide for the Care and Use of Laboratory Animals 

(#16-03-511). We employed the ob/ob mouse model bearing PY8119Luc TNBC cells for bioluminescence 

imaging. Ovariectomized wild-type (WT, C57BL/6J) and ob/ob mice (B6.V-Lepob/J) at 8 weeks age ± 3 days 

were obtained from Jackson Laboratory. Both mice were fed with normal diet and kept in a specific pathogen free 

animal housing facility which was maintained at 22 °C ± 2 °C and 40%–60% humidity under a 12:12 h light and 

dark cycle. The body weight gain was confirmed by approximately 2-fold difference between WT and ob/ob mice 

and PY8119Luc cells (3 × 106 cells/mouse) prepared in PBS:Matrigel with 50:50 ratio were administered into the 

4th right mammary fat pad. Bioluminescence imaging was monitored on a weekly basis for detecting tumor growth. 

Briefly, mice were anesthetized with 3% isoflurane and were administered with D-luciferin (Cayman Chemical, 

Ann Arbor, MI, USA) intraperitoneally at 125 mg/kg, 5 min prior to acquisition of the image. Mice then were 

placed in the chamber of an In-Vivo MS FX PRO optical imaging system (Carestream, NY, USA) under 

anesthetized condition, and photons were collected for a period of 1 min. The luminescent intensity for the region 

of interest was quantified using Molecular Imaging software (Carestream). In addition, tumor volumes were 

calculated on a weekly basis after TNBC cell injection using the following formula: (length × width2)/2. 
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2.9. Enzyme-Linked Immunosorbent Assay (ELISA) for Chemokines 

Keratinocyte chemoattractant (KC) levels in cell lysates and tumor tissues were measured using a murine KC 

ELISA kit (900-K127, PeproTech, Rocky Hill, NJ, USA) according to the manufacturer’s instructions. The optical 

density of each well was determined at 405 nm wavelength with correction of 570 nm in a microplate reader. 

2.10. Fluorescence-Activated Cell Sorting (FACS) 

For single cell isolation, tumoral tissues were dissected to the size of approximate 1 mm3 in the DMEM/F12 

medium containing penicillin/streptomycin (each 100 U/mL), 10% FBS, collagenase (300 units/mL), and 

hyaluronidase (100 units/mL). Dissected tissues were digested at 37 °C for 30 min. After pipetting to dissociate 

cells and centrifugation at 300–400× g for 5 min, cell mixture was treated in the DMEM/F12 medium with dispase 

II (5mg/mL) and DNase I (0.1mg/mL) at 37 °C for 5 min. After centrifugation, the cell mixture was resuspended 

in 0.25% trypsin/EDTA for digestion at 37 °C for 5 min and was added with 5 mL DMEM/F12 medium with 10% 

FBS to neutralize trypsin. After centrifugation, cells were resuspended in the red blood cell lysis buffer 

(eBioscience™ 1X RBC Lysis Buffer, Thermo Fisher Scientific, Waltham, MA, USA) for 5 min at room 

temperature. After centrifugation, cells were washed twice with wash buffer (PBS containing 0.1% bovine serum 

albumin and 5 mM EDTA). Resuspended cells with staining buffer (PBS containing 1% bovine serum albumin 

and 1% EDTA) were filtered through the 40 µm cell strainer. Immune cell profiles in tumors were analyzed using 

a FACScan flow cytometer (BD Biosciences, San Jose, CA, USA) with the following specific antibodies for 

leukocyte subtypes: Alexa Fluor® 647 Rat Anti-Mouse F4/80 for detecting Mφ; PE Rat Anti-Mouse CD4 for 

detecting CD4 T cells; APC Rat Anti-Mouse CD8a for detecting CD8 T cells. FloJo software (Tree Star Inc., 

Ashland, OR, USA) was used to quantify the percentage of immune cells. 

2.11. Statistical Analysis 

Data were expressed as mean ± standard error of the mean (SEM) and analyzed by the Student’s t-test to 

detect statistical significance (p < 0.05). 

3. Results 

3.1. Adipocyte-CM Potentiates the Progression of PY8119 TNBC Cells 

We collected preadipocyte- and adipocyte-CM from adipogenesis of 3T3-L1 cells [16] and evaluated how 

these CM affect functional roles of PY8119 cells, a murine TNBC cell line [17,18]. After differentiation of 3T3-

L1 cells into adipocytes, we confirmed lipids in adipocytes with Oil Red O staining (Figure 1A). 

 

Figure 1. Effects of adipocyte-CM in PY8119 TNBC cells. (A) Adipogenesis of 3T3-L1 cells. Oil Red O staining 

confirmed lipids in adipocytes. (B) Time-course of secreted KC chemokines in PY8119 TNBC cells after 

application of preadipocyte- and adipocyte-CM by ELISA. (C) Cell viability of PY8119 TNBC cells after 

preadipocyte- and adipocyte-CM treatment. (D) Migration of PY8119 TNBC cells after preadipocyte- and 

adipocyte-CM treatment. (E) Comparison of Akt, Erk, and NF-κB activation in preadipocyte- and adipocyte-CM-
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treated PY8119 TNBC cells by immunoblotting. Tubulin was used as a loading control. Pre: preadipocyte-CM; Ad: 

adipocyte-CM. Experiments were performed at least in triplicate and all data values were expressed as the mean ± 

SEM. * p < 0.05 as calculated by Student’s t-test. 

Human TNBC cell lines express high levels of proinflammatory chemokines, such as CXCL1 and CXCL8, 

compared with other subtypes [7]. As mice lack IL8/CXCL8, CXCL1–3 or CXCL5 are considered murine 

homologues for human CXCL8 [23]. Accordingly, we compared effects of preadipocyte- and adipocyte-CM on 

secretion of KC chemokines (CXCL1-3) in PY8119 cells. Adipocyte-CM induced more highly secreted KC 

chemokines in PY8119 TNBC cells compared to preadipocyte-CM (Figure 1B). Adipocyte-CM also increased cell 

viability and migration in PY8119 TNBC cells compared to preadipocyte-CM (Figure 1C,D). Furthermore, we 

compared Akt, Erk, and NF-κB activation between preadipocyte- and adipocyte-CM treated PY8119 TNBC cells. 

Both preadipocyte- and adipocyte-CM activated Akt and Erk in PY8119 TNBC cells without a critical activation 

of NF-κB (Figure 1E). The activation of Akt and Erk in PY8119 cells was greater in application of adipocyte-CM 

compared to that of preadipocyte-CM (Figure 1E). 

3.2. Adipocyte-CM Induces Proinflammatory Chemokines in Murine TNBC Cells 

TNBC exerts aggressive tumorigenicity and high mortality compared with other BC subtypes [3–6]. The 

chemokine network is involved in metastasis of breast cancer [24–26], emerging as the leading cause of mortality 

in cancer patients. As a result, we investigated whether chemokine signatures of PY8119 cells corroborate with 

those of human TNBC cells. We analyzed chemokine signatures in TNBC subtypes as follows: nine BL-TNBC, 

six ML-TNBC, and seven luminal androgen receptor (LAR)-TNBC cell lines from the GEO dataset (GSE12777) 

(Figure 2A). BL- and ML-TNBC cells expressed elevated levels of CXCL1 and CXCL8 compared with LAR-

TNBC cells. Comparison of chemokine signatures between BL- and ML-TNBC cells revealed that BL-TNBC 

cells expressed higher levels of CXCL16, while ML-TNBC cells expressed higher levels of CCL20 and CXCL12 

(Figure 2A). We also analyzed chemokine signatures in murine TNBC cells, PY8119 and 4T1 cells, using 

customized PCR array containing complementary sequences for mouse chemokine genes (Figure 2B). PY8119 

cells expressed higher levels of CXCL12, while 4T1 cells expressed higher levels of CXCL16, CXCR3, and 

CXCR7 (Figure 2B). PY8119 cells showed similar chemokine signatures to those in human ML-TNBC cells, 

while 4T1 cells had similar signatures to those in human BL-TNBC cells. A recent study indicates that 4Tl cells 

show similarity with the BL- and immune-suppressed TNBC subtype [27]. We compared chemokine signatures 

between adipocyte-CM-treated PY8119 and 4T1 TNBC cells using PCR array (Figure 2C). Adipocyte-CM 

increased CXCL2, CXCL3, and CXCL5 in PY8119 cells and CXCL1 and CXCL2 in 4T1 cells (Figure 2C). 

 

Figure 2. Chemokine signatures of TNBC cells and adipocyte-CM-induced chemokines in PY8119 TNBC cells. 

(A) Chemokine signatures in 9 basal-like (BL)-TNBC, 6 mesenchymal-like (ML)-TNBC, and 7 luminal androgen 

receptor (LAR)-TNBC cell lines from GEO dataset (GSE12777) analysis. Data values were expressed as the mean 

± SEM. (B) Heatmap for chemokine and its receptors levels in mouse PY8119 and 4T1 TNBC cell lines using PCR 

array for mouse chemokine genes. Expression levels of chemokines and chemokine receptors were defined as 
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absent (light green), low (green) and high (red) based on average threshold cycles. (C) Comparison of chemokine 

signatures between PY8119 and 4T1 TNBC cells after 6 h adipocyte-CM treatment using PCR array. Highly 

expressed chemokines with a >5-fold increase (*) were recognized as a major chemokine responsive to adipocyte-

CM. 

3.3. The Ovariectomized ob/ob Female Mice Potentiate the Progression of PY8119 TNBC Cells 

The ob/ob mouse has been served as an obese mouse model since its first discovery in 1949 [28]. We used 

ovariectomized ob/ob female mice fed normal diet to reflect a postmenopausal obese mouse model and explored 

tumorigenic parameters on the progression of PY8119 TNBC cells in an orthotopic mammary fat pad model 

(Figure 3). We confirmed body weights between WT and ob/ob female mice (Figure 3A). The ob/ob mice had 

approximately 2-fold greater weights compared to WT mice (Figure 3A). We generated PY8119Luc cells from 

parental PY8119 TNBC cells to monitor the tumor burden imaging. Bioluminescence imaging revealed that ob/ob 

mice had higher bioluminescence intensity compared to WT mice (Figure 3B,C). Accordingly, ob/ob mice had 

bigger tumor volumes and weights than WT mice (Figure 3D,E). The spleen weights of ob/ob mice were lower 

compared to those of WT mice (Figure 3F). There was a negative relationship between tumor and spleen weights 

in WT and ob/ob mice (Figure 3G). In addition, tumoral KC levels were higher in ob/ob mice compared to WT 

mice (Figure 3I). 

 

Figure 3. The progression of PY8119 TNBC cells in postmenopausal obese mouse model using an orthotopic 

mammary fat pad model. (A) Comparison of body weights between wild-type (WT, n = 5) and ob/ob (OB, n = 4) 

female mice. (B) Bioluminescence imaging for the tumor burden of PY8119 cell-bearing mice. Representative 

pictures were obtained from 5 WT and 4 OB mice. (C) Average intensity of bioluminescence imaging between WT 

and OB mice in an orthotopic mammary fat pad model. (D) Tumor volumes in WT and OB mice. (E) Tumor 

weights in 5 WT and 4 OB mice. (F) Spleen weights in 5 WT and 3 OB mice. (G) Negative relationship between 

tumor and spleen weights in 5 WT and 3 OB mice. (I) Tumoral KC levels in WT and OB mice assessed by ELISA. 

All mice were ovariectomized prior to performing the experiment to reflect postmenopausal status. Data values 

were expressed as the mean ± SEM. * p < 0.05 as calculated by Student’s t-test compared with WT. 

3.4. Obesity Induces Accumulation of Mφ and CD4 Cells in Immune Cell Contexture of Tumor Tissues 

Because tumor infiltrating immune cells affect clinical outcomes, we evaluated immune cell infiltration in 

tumor tissues. FACS analysis revealed that the percentage of F4/80 as a Mφ marker was higher in tumors of ob/ob 

mice compared to those of wild-type mice (Figure 4A). Although the percentage of CD8 cells had no change in 

tumors of wild-type and ob/ob mice (Figure 4B), that of CD4 cells appeared to be higher in tumors of ob/ob mice 

compared to those of wild-type mice (Figure 4C). 
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Figure 4. Analysis of flow cytometer on immune cells in tumor tissues from WT and OB mice with orthotopic 

mammary fat pad models. The comparative percentage of F4/80 (A), CD8 cells (B), and CD4 cells (C) in tumor 

tissues from wild-type (WT, n = 4) and ob/ob (OB, n = 3) female mice. Data values were quantified utilizing FloJo 

software. * p < 0.05 as calculated by Student’s t-test compared to WT mice. 

4. Discussion 

The main findings in this study show that obesity may contribute to the progression of TNBC. This includes 

cancer cell growth and migration, increased proinflammatory chemokines like KC chemokines, and altered 

immune contexture in the tumor microenvironment, specifically showing increased tumoral infiltration of Mφ and 

CD4 cells. 

Adipocyte-CM induced KC chemokines in PY8119 TNBC cells (Figure 1B) indicate that obesity may induce 

proinflammatory chemokines in TNBC cells, potentially resulting in increased tumorigenicity of TNBC. The 

results that adipocyte-CM increased cell viability and migration in PY8119 TNBC cells (Figure 1C,D) corroborate 

previous findings. Co-culture with adipocytes and adipocyte-CM increased cell proliferation and migration in 

human MDA-MB-231 ML-TNBC cells [29–36], human BT549 ML-TNBC cells [32], human SUM159PT ML-

TNBC cells [37], human MDA-MB-468 BL-TNBC cells [38], human HCC38 BL-TNBC cells [35], human MDA-

MB-453 LAR-TNBC cells [33], and murine 4T1 TNBC cells [39]. Based on these results, our findings also suggest 

that PY8119 TNBC cells are well suited for the adipocyte-induced cell viability and migration as observed in 

human TNBC cells. The facts that adipocyte-CM activated Akt and Erk in PY8119 TNBC cells (Figure 1C,D) are 

supported by previous studies. Adipocyte-CM activated Akt in human MDA-MB-231 ML-TNBC cells [30]. Akt 

signaling predictably is associated with obesity in premenopausal women, and Erk signaling significantly is 

predicted to associate obesity with TNBC in postmenopausal women [40]. Despite these limited data, our findings 

demonstrate that PY8119 TNBC cells share signaling pathways with those observed in human TNBC cells. 

Adipocyte-CM-induced chemokines in murine TNBC cells are CXCR2 ligands, such as CXCL1–3 and 

CXCL5–8 (Figure 2C), which function as proangiogenic and tumorigenic chemokines [41,42]. Co-culture with 

adipocytes and adipocyte-CM increased CXCL8 levels in human MDA-MB-231 ML-TNBC cells [33,43] and 

human MDA-MB-453 LAR-TNBC cells [33]. As CXCL1–3 or CXCL5 are murine homologues for human 

CXCL8 [23], adipocyte-CM-induced CXCL2, CXCL3, and CXCL5 in PY8119 cells are consistent with the results 

from human TNBC cells. In addition to CXCL8, adipocyte-CM increased CCL20, CXCL2, and CXCL3 levels in 

human MDA-MB-231 ML-TNBC cells [44]. Based on chemokine signatures induced by adipocyte-CM, PY8119 

and 4T1 TNBC cells reflect well the chemokine network for human TNBC cells. 

The spleen weights of ob/ob mice were lower compared with those of WT mice (Figure 3F) as supported by 

other study [45]. At this point, it is unclear whether decreased spleen weight affected the progression of TNBC. 
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Tumoral KC levels were higher in ob/ob mice compared with WT mice (Figure 3I), paralleling with adipocyte-

CM-induced chemokine signatures (Figures 1B and 2C). Tumor weights of PY230 BL-TNBC cells and 4T1 TNBC 

cells were increased in ob/ob mice [46] and high-fat induced obese mice [47], respectively, supporting our results 

of PY8119 ML-TNBC cells in ob/ob mice (Figure 3E). PY8119Luc cells generated in this study can be used to 

monitor the progression of TNBC in a time-dependent manner, reflecting the characteristics of human ML-TNBC 

in normal and obese states. 

Immune cell contexture of tumor tissues from ob/ob mice indicates that obesity induces tumoral accumulation 

of Mφ and CD4 cells (Figure 4). Consistently, our previous studies showed that Mφ was highly accumulated in 

ovarian omental tumors of obese mice [48] and in breast tumor tissues of high-fat diet-induced obese mice [11]. 

In addition, CD4+ and CD25+ cells were increased in cancer-sentinel lymph nodes of obese mice bearing 4T1 

TNBC cells [47]. Obesity induces mammary white adipose tissue expansion with an accumulation of Mφ, followed 

by a worse prognosis for breast cancer [14]. These results indicate that obesity-induced inflammation may promote 

tumoral infiltration of Mφ in the breast tumor microenvironment, probably affecting the prognosis of TNBC. 

In conclusion, obesity may accelerate the progression of TNBC, promoting cancer cell viability and migration 

followed by tumor growth, increasing proinflammatory chemokines, and changing immune contexture in the 

breast tumor microenvironment, which display a critical role of obesity-induced inflammation in TNBC. 
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