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Cytokines secreted from adipose tissues 
mediate tumor proliferation and metastasis 
in triple negative breast cancer
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Abstract 

Background: Obesity is a high-risk factor for development and poor prognosis of triple-negative breast cancer 
(TNBC), which was considered as a high malignant and poor clinical outcome breast cancer subtype. TNBC prolifera-
tion and migration regulated by obesity is complex. Here, we studied effects of cytokines secreted from adipose tissue 
on development of TNBC.

Methods: Forty postmenopausal cases by Yuebei People’s Hospital of Shaoguan with stage I/IIA TNBC were enrolled. 
Cytokine concentrations were examined using ELISA analysis. Proliferation and migration of TNBC cell lines were per-
formed using CCK8 assays and Transwell tests. The Log-rank (Mantel-Cox) test, two-tailed Mann-Whitney U test and 
two-tailed unpaired t test were performed using GraphPad Prism 8.4.2.

Results: Survival analysis indicated that obese patients with TNBC had worse disease free survival (DFS) as compared 
with normal weight group (Hazard Ratio 4.393, 95% confidence interval (CI) of ratio 1.071–18.02, p < 0.05). Obese 
patients with TNBC had severe insulin resistance and high plasma triglycerides. However, plasma adiponectin con-
centration was decreased and interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) concentration was increased in 
obese TNBC patients as compared with the nonobese group. The similar results were found in the cytokine secre-
tion from adipose tissues and insulin-resistant adipocytes. The secretion of adipose tissue from obese TNBC patients 
could promote proliferation and migration of TNBC cell lines, including MDA-MB-157, MDA-MB-231, MDA-MB-453 
and HCC38 cells. These TNBC cell lines co-incubated with insulin-resistant 3T3-L1 adipocytes or supplementing these 
cytokines medium also exhibited increase of proliferative and migratory capacity.

Conclusion: TNBC patients with obesity had worse prognosis compared with the normal weight groups. Alteration 
of cytokines secreted from adipose tissues mediated proliferation and migration of TNBC, leading to tumor progres-
sion in TNBC patients with obesity.
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Background
Female breast cancer has surpassed lung cancer as the 
most commonly diagnosed cancer, estimated by GLO-
BOCAN 2020 [1]. Although mortality of breast cancer 
is only 6.9%, the large population base diagnosed with 
breast cancer (2.3  million new cases in 2020) has to 
gained attention from scientists and specialists [1]. Adi-
pose tissue is one of the compositions of breast and has 
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an important influence on occurrence and development 
of breast cancer [2]. As the global epidemic of obesity, 
obesity-associated breast cancer patients are increasingly 
diagnosed each year [1–3]. Obese breast cancer patients 
also have higher risk of aggressive tumor phenotype and 
therapy resistance [4]. Higher body mass index (BMI) 
is significantly associated with an in increased risk of 
aggressiveness among breast cancer patients [5, 6]. Many 
studies indicate that obesity decreases therapeutic out-
come for breast cancer, including chemotherapy [7], radi-
otherapy [8] and endocrine therapy [9].

Triple-negative breast cancer (TNBC) was considered 
as a high malignant and poor clinical outcome breast 
cancer subtype. The lack of estrogen receptor (ER) and 
progesterone receptor (PR) expression and epidermal 
growth factor receptor 2 (HER2/ERBB2) amplification 
and/or overexpression is a common characteristic of 
TNBC [10]. TNBC patients exhibited aggressive pathol-
ogy and worse disease free survival (DFS) and overall 
survival (OS) and were significantly younger compared 
with breast cancer patients with non-TNBC [11]. Chem-
otherapy remains a main strategy for TNBC treatment 
[11, 12], although many new treatment strategies, such 
as immunotherapy, target therapy and neoadjuvant treat-
ments, were explored and studied [13–15].

Obesity is an important risk factor for TNBC outcome 
and many clinical trials indicate that obesity leads to shorter 
DFS and OS compared with TNBC patients of normal body 
weight [3, 16, 17]. However, the mechanistic link between 
TNBC and obesity is still unclear in the previous studies. In 
the present study, we explored effects of obesity on TNBC 
patient outcomes. We evaluated insulin sensitivity and 
change of cytokines including adiponectin, interleukin-6 
(IL-6) and tumor necrosis factor-α (TNF-α) in obesity and 
normal body weight TNBC patients, studied influence of 
cytokines secreted by insulin resistant adipocytes to tumor 
proliferation and migration in TNBC cell lines.

Materials and methods
Patients and clinical data
The present study enrolled 40 postmenopausal cases by 
Yuebei People’s Hospital of Shaoguan with stage I/IIA 
triple-negative (ER and/or PR were none or weak expres-
sion (less than 10% cells stained by immunohistochemis-
try (IHC)); HER2 was negative (0–1+) using IHC) breast 
cancer from May 2014 to April 2016. BMI (kg/m2) of 
patients was evaluated before surgery.  The studies were 
reviewed and approved by the Ethics Committee of Yue-
bei People’s Hospital of Shaoguan, and treatment and 
extended follow-up data were retrospectively assembled 
with medical ethics committee approval.  All experiments 
were performed in accordance with relevant guidelines 
and regulations. The TNBC patients was 47–70 years old, 

and median age was 58 years old. The nonobese group 
was 20 cases and BMI was 18.5–22.8  kg/m2; the obese 
group was 20 cases and BMI was 29.5–38.7 kg/m2. These 
patients included 10 cases with type 2 diabetes, 7 cases 
of which were contained in the obese group. The detailed 
clinical characteristics were summarized in Table 1.

Cell culture
TBNC cell lines, including MDA-MB-157, MDA-MB-231, 
MDA-MB-453 and HCC38 cells, were purchased from 
the Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). 3T3-L1 preadi-
pocytes were purchased from the American Type Cul-
ture Collection (ATCC, Manassas, USA). MDA-MB-157 
and MDA-MB-453 cells were cultured in Leibovitz’s L-15 
Medium containing 10% fetal bovine serum (FBS, Gibco, 
Grand Island, USA). MDA-MB-231 cells were cultured 
in DMEM (Gibco, Grand Island, USA) containing 10% 
FBS and HCC38 was cultured in PRMI Medium (Gibco, 
Grand Island, USA) containing 10% FBS. 3T3-L1 preadi-
pocytes were cultured in DMEM/F12 (Gibco, Grand 
Island, USA) containing 10% FBS. These cells were cul-
tured in a 5%  CO2 and 37 °C humidified incubator.

Insulin‑resistant 3T3‑L1 adipocyte model
3T3-L1 preadipocytes were induced and differenti-
ated into 3T3-L1 adipocytes [18]. 3T3-L1 preadipocytes 
were cultured using 3T3-L1 differentiation kit (Sigma-
Aldrich, USA). Differentiation 3T3-L1 adipocytes were 
conformed using oil red O staining. For insulin-resistant 
3T3-L1 adipocyte model, 3T3-L1 adipocytes were cul-
tured 10% FBS DMEM/F12 medium supplemented with 

Table 1 Distribution of clinical characteristics by the nonobese/
obese groups

Category Total
(n = 40)

Nonobese
(n = 20)

Obese
(n = 20)

Age (Median/
Range)

58 (47–70) 59 (51–68) 56.5 (47–70)

Menopausal status (n/%)

 Postmeno-
pausal

40 (100%) 20 (100%) 20 (100%)

Tumor stage (n/%)

 I 17 (42.5%) 8 (40%) 9 (45%)

 IIA 23 (57.5%) 12 (60%) 11 (55%)

Molecular subtype (n/%)

 Triple negative 40 (100%) 20 (100%) 20 (100%)

 BMI
(Median/Range)

26.15 (18.5–38.7) 20.9 (18.5–22.8) 32.55 (29.5–38.7)

Type 2 diabetes mellitus (n/%)

 YES 10 (25%) 3 (15%) 7 (35%)

 NO 30 (75%) 17 (85%) 13 (65%)
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20 nM Dexamethasone for 6 days [19]. The model was 
confirmed using glucose absorption method (Glucose 
Oxidase Method (GOM) assay kit, Applygen Technolo-
gies Inc., China) after 10 nM insulin treatment for 1 h.

Cytokine detection
Adiponectin, IL-6 and TNF-α examinations of plasma 
and tissue secretion were used by Adiponectin (human) 
ELISA Assay Kit (BioVision, USA), IL-6 (human) ELISA 
Kit (BioVision, USA) and Human TNF-α ELISA Kit 
(Abbkine, USA) according to the manufacturers’ instruc-
tions, respectively. Adipose tissues isolated from fresh 
surgery samples of TNBC cases were incubated in culture 
medium for 12 h and the culture medium was collected 
and measured.  Adiponectin, IL-6 and TNF-α examina-
tions of culture medium incubated with normal and insu-
lin-resistant 3T3-L1 adipocytes were used by Adiponectin 
(mouse) ELISA Assay Kit (BioVision, USA), IL-6 (mouse) 
ELISA Kit (BioVision, USA) and Mouse TNF-α ELISA Kit 
(Abbkine, USA) according to the manufacturers’ instruc-
tions, respectively. Normal and insulin-resistant 3T3-L1 
adipocytes were incubated in fresh culture medium for 
24 h and the culture medium were collected and detected.

Cell proliferation and migration
Cell proliferation was measured using the Cell Count-
ing Kit-8 (CCK8, Dojindo, Japan). MDA-MB-157, MDA-
MB-231, MDA-MB-453 or HCC38 cells were cultured 
in 96-well plates at a density of 5 ×  103 cells/well for 
24  h, then treated with adipose secretion for 24  h. Sub-
sequently, CCK8 test was performed and absorption were 
measured at 490  nm light. For cell proliferation in co-
culture TNBC cell line and adipocytes, TNBC cell lines 
were seeded in Transwell filter of Transwell culture plates 
(Corning Costar, USA), and normal/insulin-resistant 3T3-
L1 adipocytes were seeded in the low well. After 24 h, the 
TNBC cells in the Transwell culture plates were collected, 
transferred to 96-well plates and measured using CCK8.

Cell migration was examined using the Transwell cul-
ture. Four TNBC cell lines were seeded in Transwell fil-
ters at a density of 5 ×  105 cells/well for 12 h, and adipose 
secretion or 3T3-L1 adipocytes were placed in the low 
well. After 24 h, the nonmigrating TNBC cells in the upper 
surface of Transwell filters were removed and the migrat-
ing TNBC cells in the lower surface were collected and 
transferred to 96-well plates and examined using CCK8.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 
8.4.2. Survival analysis was Kaplan-Meier analysis using 
the Log-rank (Mantel-Cox) test. Metabolic indexes and 

cytokines analysis was the two-tailed Mann-Whitney U 
test. Cells and tissues tests were analyzed using the two-
tailed unpaired t test. p < 0.05 was considered to a statisti-
cally significant difference.

Results
Obesity decreased survival of TNBC patients
The clinicopathological characteristics of 40 postmeno-
pausal patients with TNBC were summarized in Table 1. 
We screened the TNBC patients which were divided into 
nonobese (Median/Range: 20.9  kg/m2/18.5–22.8  kg/m2) 
and obese (Median/Range: 32.55  kg/m2/29.5–38.7  kg/
m2) group according to BMI. Median (Range) in the non-
obese and obese groups was 59 (51–68) and 56.5 (47–70), 
respectively. Twelve (60%) cases in the nonobese group 
and 11 (55%) cases in the obese group were stage IIA, 
the remaining cases were stage I TNBC. These cases con-
tained 7 (35%) patients with type 2 diabetes in the obese 
group and 3 (15%) patients with type 2 diabetes in the 
nonobese group. Through 3 years of follow-up, we found 
that DFS was significantly different (p = 0.0438; Hazard 
ratio = 4.393; 95% CI of ratio: 1.071–18.02) between the 
nonobese and obese cohorts, revealed that obese patients 
with TNBC had a worse survival (Fig. 1 A). Thus, excessive 
adipose tissue promotes progression of tumor and affects 
proliferation and migration of TNBC.

Obesity caused blood parameter changes in TNBC
It is well known that insulin resistance is a common charac-
teristic in obesity and type 2 diabetes and blood glucose and 

Fig. 1 Obesity reduced disease free survival in triple-negative breast 
cancer (TNBC) patients. Kaplan-Meier analysis of disease free survival 
(DFS) according to body mass index (BMI). Normal weight group, BMI 
(18.5–22.8), n = 20; obese group, BMI (29.5–38.7), n = 20. Statistics 
based on the log-rank (Mantel-cox) test
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blood lipid are higher compared with healthy people. We 
evaluated alteration of insulin resistance and serum triglyc-
erides between nonobese and obese patients with TNBC. 
As shown in Fig. 2 A, severe insulin resistance was observed 
in the obese TNBC cohort using analysis of homeostasis 
model assessment-estimated insulin resistance (HOMA-
IR). Meanwhile, serum triglycerides levels were higher in the 
obese group compared with the nonobese group (Fig. 2B). 
We further examined levels of plasma cytokines including 
adiponectin, IL-6 and TNF-α in the TNBC patients. Con-
centration of adiponectin was decreased in the obese cohort 
with TNBC (Fig. 2 C), however, concentration of IL-6 and 
TNF-α was increased in the obese group compared with the 
nonobese group (Fig. 2D and E). These results indicated that 
obesity did not only change metabolic features but also lev-
els of plasma cytokines in TNBC patients.

Obesity altered cytokine secretion of adipose 
tissue
Adipose tissue is one of main sources of adiponectin, 
IL-6 and TNF-α. Obesity caused alteration of plasma adi-
ponectin, IL-6 and TNF-α in TNBC patients. To explore 
reasons of the changes, we examined three cytokine lev-
els secreted from adipose tissue isolated from surgery 
samples of TNBC cases. Variation tendency of three 

cytokines was consistent with the results of plasma 
cytokines (Fig.  3  A-C). Adiponectin secretion from adi-
pose tissue was reduced in the obese TNBC samples 
(Fig. 3 A). Levels of IL-6 and TNF-α in the medium incu-
bated with adipose tissue from the obese TNBC samples 
were enhanced compared with the nonobese TNBC sam-
ples (Fig. 3B and C).

We further constructed an insulin-resistant 3T3-L1 adi-
pocyte model. 3T3-L1 adipocytes were stained by red oil 
O through cell differentiation for 8 days (Fig. S1A). Effect 
of glucose absorption in insulin-resistant 3T3-L1 adipo-
cytes was significantly reduced after insulin treatment 
compared with normal 3T3-L1 adipocytes (Fig. S1B). In 
the adipocytes model, we also found that adiponectin 
(Fig. 3D) secreted by insulin-resistant 3T3-L1 adipocytes 
was decreased and IL-6 (Fig.  3E) and TNF-α (Fig.  3  F) 
secreted by insulin-resistant 3T3-L1 adipocytes was 
increased as compared with normal 3T3-L1 adipocytes. 
These results revealed that insulin resistance of adipose 
tissues and cells caused alteration of cytokine secretion.

Secretion from insulin‑resistant adipose tissues promoted 
proliferation and migration of TNBC
To confirm proliferation and migration effects of insu-
lin-resistant adipose tissues on TNBC, we cultured 

Fig. 2 Difference of metabolic indexes and cytokines between nonobese and obese groups in TNBC patients. Difference analysis of the 
homeostasis model assessment-estimated insulin resistance (HOMA-IR) index (A), and concentration of serum triglycerides (B), plasma adiponectin 
(C), plasma interleukin-6 (IL-6) (D) and plasma tumor necrosis factor-α (TNF-α) (E) between nonobese group (n = 20) and obese group (n = 20) in 
TNBC patients. Statistics based on the two-tailed Mann-Whitney U test. ***p < 0.001
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four TNBC cell lines, including MDA-MB-157, MDA-
MB-231, MDA-MB-453 and HCC38 cells. Four TNBC 
cell lines were co-cultured with secretion of adipose tis-
sues from TNBC surgery samples. The results indicated 
that viability of MDA-MB-157, MDA-MB-231, MDA-
MB-453 and HCC38 cells co-cultured with secretion of 
adipose tissues from obese TNBC samples was signifi-
cantly enhanced as compared with the nonobese TNBC 
sample group (Fig.  4A). Cell migration assay using 
Transwell culture revealed that adipose tissue secre-
tion in the obese TNBC group promoted migration 
of TNBC cell lines (Fig.  4B). The similar results were 
observed in TNBC cell lines co-cultured with normal 
or insulin-resistant 3T3-L1 adipocytes (Fig. 4C and D). 

These data demonstrated that secretion from insulin-
resistant adipose tissues and cells promoted prolifera-
tion and migration of TNBC cells, which might be an 
important factor to cause low outcome and survival in 
obese TNBC cases.

To further explore roles of adiponectin, IL-6 and 
TNF-α in proliferation and migration of TNBC cells, we 
supplemented with adiponectin, IL-6 and TNF-α in cul-
ture medium and studied behavior of TNBC cell lines. 
The supplemental concentration of adiponectin, IL-6 
and TNF-α was determined according to release protein 
levels of adipose tissues in Fig. 3 A-C. Proliferation abil-
ity of MDA-MB-157, MDA-MB-231, MDA-MB-453 and 
HCC38 cells supplemented with low concentration of 

Fig. 3 Cytokine secretion from adipose tissues and cells. A-C Secretion of adiponectin (A), IL-6 (B) and TNF-α (C) from adipose tissues in nonobese 
and obese TNBC patients. n = 10. Statistics based on the two-tailed Mann-Whitney U test. *p < 0.05, **p < 0.01, ***p < 0.001. (D-F) Secretion of 
adiponectin (D), IL-6 (E) and TNF-α (F) from normal and insulin-resistant (IR) 3T3-L1 adipocytes. n = 5. Statistics based on the unpaired t test. 
**p < 0.01, ***p < 0.001

Fig. 4 Proliferation and migration effects of cytokines secreted by adipose tissues and cells on TNBC cell lines. A Cell viability analysis was detected 
in MDA-MB-157, MDA-MB-231, MDA-MB-453 and HCC38 cells incubated with adipose secretion from nonobese and obese TNBC patients for 24 h. 
n = 5. Statistics based on the unpaired t test. ***p < 0.001. B Migration of MDA-MB-157, MDA-MB-231, MDA-MB-453 and HCC38 cells treated with 
adipose secretion from nonobese and obese TNBC patients for 24 h were detected using a Transwell coculture method. n = 5. Statistics based 
on the unpaired t test. *p < 0.05, **p < 0.01. C-D Proliferation (C) and migration (D) of MDA-MB-157, MDA-MB-231, MDA-MB-453 and HCC38 cells 
co-cultured with normal or insulin-resistant 3T3-L1 adipocytes were examined using a Transwell coculture method. n = 5. Statistics based on 
the unpaired t test. *p < 0.05, **p < 0.01, ***p < 0.001. (E-F) Proliferation (E) and migration (F) of different TNBC cell lines with different treatments. 
Treatment 1 was the cells co-incubated with 9 µg/ml adiponectin, 10 ng/ml IL-6 and 17 ng/ml TNF-α; treatment 2 was the cells co-incubated with 
5 µg/ml adiponectin, 14 ng/ml IL-6 and 20 ng/ml TNF-α. n = 5. Statistics based on the unpaired t test. *p < 0.05, **p < 0.01

(See figure on next page.)
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Fig. 4 (See legend on previous page.)
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adiponectin and high concentration of IL-6 and TNF-α 
was significantly increased (Fig.  4E). Meanwhile, migra-
tion ability was also enhanced in MDA-MB-157, MDA-
MB-231 and MDA-MB-453 cells supplemented with 
low concentration of adiponectin and high concentra-
tion of IL-6 and TNF-α compared with the control group 
(Fig. 4 F). Although only three cytokines secreted by adi-
pose tissues and cells were studied, our results demon-
strated that it was important roles of adiponectin, IL-6 
and TNF-α to promote proliferation and migration of 
TNBC.

Discussion
Previous many studies explored effects of obesity on 
breast cancer outcome, such as the SUCCESS A trial [3, 
20], the BIG 02–98 trial [21], meta-analysis [4, 22]. Some 
researches indicated that there was shorter DFS and OS 
in obese breast cancer patients (BMI ≥ 30  kg/m2) com-
pared with nonobese patients (BMI < 30 kg/m2) [21, 23]. 
However, results from the randomized SUCCESS A trial 

with 3754 breast cancer patients indicated that there was 
no significant different between obese (BMI ≥ 30 kg/m2) 
and nonobese (BMI < 30  kg/m2) breast cancer patients, 
and severe obese patients (BMI ≥ 40.0 kg/m2) had a worse 
DFS and OS compared nonobese patients (BMI < 25 kg/
m2) [3]. More and more demonstrations indicate that 
BMI may become an independent prognostic factor 
for DFS and OS in TNBC although the effect of BMI is 
controversial in all breast cancer subtypes [3, 4, 16, 17]. 
In the present study, we also revealed that obese (29.5–
38.7 kg/m2) patients with TNBC were shorter DFS com-
pared with the normal weight (18.5–22.8 kg/m2) patients 
(HR 4.393, 95%CI 1.071–18.02, p < 0.05). These evidences 
reveal that exorbitant BMI leads to worse prognosis in 
early TNBC patients.

Obesity is an important risk factor for metabolic syn-
drome, type 2 diabetes, nonalcoholic fatty liver disease 
[24]. Previous study indicated that metabolic syndrome 
caused increased incidence of TNBC [25]. Insulin resist-
ance is closely associated with obesity and type 2 diabetes 

Fig. 5 Regulation mechanism of TNBC proliferation and migration through cytokines secreted from adipose tissue in nonobese and obese patients
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[26, 27]. Recent study also showed that insulin resist-
ance led to poor prognosis in breast cancer patients [28]. 
Our data indicated that obese patients had severe insulin 
resistance and abnormalities of glucose-lipid metabolism. 
Meanwhile, these obese TNBC patients had worse prog-
nosis compared with the normal weight group. These 
data suggested that metabolic disorder was involved 
in progression of TNBC. We also found that prolifera-
tion and migration of TNBC cell lines (including MDA-
MB-157, MDA-MB-231, MDA-MB-453 and HCC38 
cells) were enhanced co-incubated with insulin-resistant 
3T3-L1 adipocytes. Thus, insulin-resistant adipose tis-
sue is primary reasons of poor outcome in obese TNBC 
patients.

Adipose tissue, as everyone knows, is a mainly energy 
storage organ. It is also an important endocrine organ 
[29, 30]. So far over 100 kinds of adipocytokines are 
found, such as adiponectin, TNF-α, IL-6, leptin and so 
on [31–33]. Metabolic abnormality of adipose tissue not 
only affects glucose-lipid regulation, but also changes 
cytokine secretion. Adiponectin is an antimitogenic and 
anti-angiogenic hormone, which mainly is secreted from 
maturation adipocytes, but promitogenic leptin is low 
levels from maturation adipocytes [34]. Adiponectin is 
involved in inhibition of cell proliferation and angiogen-
esis [35]. Adiponectin expression in adipose tissues from 
obese patients is lower than from nonobese people [36]. 
Low expression of adiponectin in adipose tissue relieves 
inhibition of TNBC development. TNF-α and IL-6, as 
proinflammatory factors, from obese adipose tissue con-
tribute to insulin resistance by impairing insulin receptor 
activation, upregulating insulin and insulin-like growth 
factor-1 (IGF-1) levels [37]. IGF-1 receptor is overex-
pressed in TNBC and promotes breast cancer growth 
[38]. Basal concentrations of TNF-α and IL-6 in obese 
patients are increase and the high levels are reduced with 
weight loss [39]. Thus, obese adipose tissue provides a 
suitable environment for TNBC proliferation and migra-
tion. Our data indicated that secretion of adipose tissues 
from obesity with TNBC and co-incubation with insu-
lin-resistant 3T3-L1 adipocytes promoted proliferation 
and migration of TNBC cell lines. Consistent with these 
results, different supplementation with adiponectin, 
TNF-α and IL-6 changed development of TNBC cells. 
These demonstrations indicate that levels of adiponectin, 
TNF-α and IL-6 from adipose tissue affect TNBC pro-
gression, although we cannot exclude effects of another 
cytokines from adipose tissue.

The present study revealed that TNBC patients with 
obesity had shorter DFS compared with normal weight 
group. These obese TNBC patients also had abnormal 
glucose-lipid metabolism and severe insulin resistance. 
Cytokines (adiponectin, TNF-α and IL-6) secreted from 

adipose tissues of obese TNBC patients and insulin-
resistant 3T3-L1 adipocytes were also abnormal (Fig. 5). 
The abnormal cytokine levels promoted TNBC cells pro-
liferation and migration, suggesting that insulin-resistant 
adipose tissue affects TNBC progression mediated by 
cytokines.

Conclusion
Excessive obesity causes worse prognosis of TNBC 
patients. Obesity induces insulin resistance and glucose-
lipid metabolism, altering cytokines secreted from adi-
pose tissue. The change of cytokine secretion promotes 
proliferation and migration of TNBC, which causes 
tumor progression in TNBC patients with obesity.

Abbreviations
BMI: Body mass index; TNBC: Triple-negative breast cancer; ER: Estrogen recep-
tor; PR: Progesterone receptor; HER2/ERBB2: Epidermal growth factor receptor 
2; DFS: Disease free survival; OS: Overall survival; IL-6: Interleukin-6; TNF-α: 
Tumor necrosis factor-α; IHC: Immunohistochemistry; FBS: Fetal bovine serum; 
HOMA-IR: Homeostasis model assessment-estimated insulinresistance.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 09959-6.

Additional file 1: Figure S1. Insulin-resistant model of 3T3-L1 adipocytes.

Acknowledgements
We thanked the patient and his families for the agreement of the publication 
of the report.

Authors’ contributions
KZ, LC and YZ designed the research and supervised the study. KZ collected 
clinical data and sample. KZ, LC and HZ performed experiments. KZ, LC and 
HZ analyzed the data and designed the figures. KZ and LC wrote the paper. YZ 
revised the paper. All authors read and approved the final manuscript.

Funding
 This study was supported by Health and Family Planning Commission joint 
fund project of Hubei province (WJ2018H0162).

Availability of data and materials
The raw data supporting the conclusions of this article will be made available 
by Kai Zhang (zkkkk1@yeah.net), Lin Chen (Lin_Chen17@163.com) and Yi 
Zeng (zengyifc@126.com), without undue reservation.

Declarations

Ethics approval and consent to participate
 The studies involving human participants were reviewed and approved by 
the Ethics Committee of Yuebei People’s Hospital of Shaoguan.  All methods 
were carried out in accordance with relevant guidelines and regulations. The 
patients/participants provided their written informed consent to participate in 
this study.  Written informed consent was obtained from the individual(s) for 
the publication of any potentially data included in this article.

Consent for publication
Not applicable.

https://doi.org/10.1186/s12885-022-09959-6
https://doi.org/10.1186/s12885-022-09959-6


Page 9 of 10Zhang et al. BMC Cancer          (2022) 22:886  

Competing interests
Hongbo Zheng was employed by Genecast Biotechnology Co., Ltd. The 
remaining authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Author details
1 Head and Neck Breast Surgery, The Yuebei People’s Hospital of Shaoguan, 
Guangdong Province 512025 Shaoguan, China. 2 Department of Anesthesiol-
ogy, Maternal and Child Health Hospital of Hubei Province, Hubei Province 
430070 Wuhan, China. 3 Department of Medicine, Genecast Biotechnology Co., 
Ltd, Jiangsu Province 214000 Wuxi, China. 4 Clinical Oncology School of Fujian 
Medical University, Fujian Cancer Hospital, No. 420 Fuma Road, Fuzhou, Fujian 
Province 350014, China. 

Received: 11 January 2022   Accepted: 29 July 2022

References
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209–49.

 2. Jiralerspong S, Goodwin PJ. Obesity and Breast Cancer Prognosis: Evi-
dence, Challenges, and Opportunities. J Clin Oncol. 2016;34(35):4203–16.

 3. Widschwendter P, Friedl TW, Schwentner L, DeGregorio N, Jaeger B, 
Schramm A, Bekes I, Deniz M, Lato K, Weissenbacher T, et al. The influence 
of obesity on survival in early, high-risk breast cancer: results from the 
randomized SUCCESS A trial. Breast Cancer Res. 2015;17:129.

 4. Lohmann AE, Soldera SV, Pimentel I, Ribnikar D, Ennis M, Amir E, Goodwin 
PJ. Association of Obesity with Breast Cancer Outcome in Relation to Can-
cer Subtypes: A Meta-Analysis. J Natl Cancer Inst. 2021;113(11):1465-1475.

 5. Nattenmüller CJ, Kriegsmann M, Sookthai D, Fortner RT, Steffen A, Walter 
B, Johnson T, Kneisel J, Katzke V, Bergmann M, et al. Obesity as risk factor 
for subtypes of breast cancer: results from a prospective cohort study. 
BMC Cancer. 2018;18(1):616.

 6. Santa-Maria CA, Yan J, Xie XJ, Euhus DM. Aggressive estrogen-receptor-
positive breast cancer arising in patients with elevated body mass index. 
Int J Clin Oncol. 2015;20(2):317–23.

 7. Colleoni M, Li S, Gelber RD, Price KN, Coates AS, Castiglione-Gertsch 
M. Goldhirsch A. Lancet IBCSGJT: Relation between chemotherapy 
dose, oestrogen receptor expression, and body-mass index. 
2005;366(9491):1108–10.

 8. Fang P, Tan KS, Troxel AB, Rengan R, Freedman G, Lin LL. High body 
mass index is associated with worse quality of life in breast cancer 
patients receiving radiotherapy. Breast Cancer Research and Treatment. 
2013;141(1):125–33.

 9. Pfeiler G, Königsberg R, Fesl C, Mlineritsch B, Stoeger H, Singer CF, Pöstl-
berger S, Steger GG, Seifert M, Dubsky PJJoco: Impact of body mass index 
on the efficacy of endocrine therapy in premenopausal patients with 
breast cancer: an analysis of the prospective ABCSG-12 trial. J Clin Oncol. 
2011;29(19):2653–2659.

 10. Pareja F, Reis-Filho JS. Triple-negative breast cancers - a panoply of cancer 
types. Nat Rev Clin Oncol. 2018;15(6):347–8.

 11. Agarwal G, Nanda G, Lal P, Mishra A, Agarwal A, Agrawal V, Krishnani N. Out-
comes of Triple-Negative Breast Cancers (TNBC) Compared with Non-TNBC: 
Does the Survival Vary for All Stages? World J Surg. 2016;40(6):1362–72.

 12. Nedeljkovic M, Damjanovic A. Mechanisms of Chemotherapy Resistance 
in Triple-Negative Breast Cancer-How We Can Rise to the Challenge. Cells. 
2019;8(9):957.

 13. O’Shaughnessy J, Osborne C, Pippen J, Yoffe M, Patt D, Monaghan G, 
Rocha C, Ossovskaya V, Sherman B, Bradley C: Efficacy of BSI-201, a 
poly (ADP-ribose) polymerase-1 (PARP1) inhibitor, in combination with 
gemcitabine/carboplatin (G/C) in patients with metastatic triple-negative 
breast cancer (TNBC): Results of a randomized phase II trial. 2009, 
27(18_suppl):3–3.

 14. Von Minckwitz G, Martin MJAoo: Neoadjuvant treatments for triple-
negative breast cancer (TNBC). 2012, 23:vi35-vi39.

 15. Vinayak S, Tolaney SM, Schwartzberg LS, Mita MM, McCann GA-L, Tan AR, 
Wahner Hendrickson AE, Forero-Torres A, Anders CK, Wulf GM: TOPACIO/
Keynote-162: Niraparib + pembrolizumab in patients (pts) with meta-
static triple-negative breast cancer (TNBC), a phase 2 trial. In.: American 
Society of Clinical Oncology; 2018.

 16. Pajares B, Pollan M, Martin M, Mackey JR, Lluch A, Gavila J, Vogel C, Ruiz-
Borrego M, Calvo L, Pienkowski T, et al. Obesity and survival in operable 
breast cancer patients treated with adjuvant anthracyclines and taxanes 
according to pathological subtypes: a pooled analysis. Breast Cancer Res. 
2013;15(6):R105.

 17. Fontanella C, Lederer B, Gade S, Vanoppen M, Blohmer JU, Costa SD, Denkert 
C, Eidtmann H, Gerber B, Hanusch C, et al. Impact of body mass index on 
neoadjuvant treatment outcome: a pooled analysis of eight prospective 
neoadjuvant breast cancer trials. Breast Cancer Res Treat. 2015;150(1):127–39.

 18. Gong L, Zou Z, Huang L, Guo S, Xing D. Photobiomodulation therapy 
decreases free fatty acid generation and release in adipocytes to amelio-
rate insulin resistance in type 2 diabetes. Cell Signal. 2020;67:109491.

 19. Gong L, Jin H, Li Y, Quan Y, Yang J, Tang Q, Zou Z. Rosiglitazone 
ameliorates skeletal muscle insulin resistance by decreasing free 
fatty acids release from adipocytes. Biochem Biophys Res Commun. 
2020;533(4):1122–8.

 20. Andergassen U, Kasprowicz NS, Hepp P, Schindlbeck C, Harbeck N, 
Kiechle M, Sommer H, Beckmann MW, Friese K, Janni W, et al. Partici-
pation in the SUCCESS-A Trial Improves Intensity and Quality of Care 
for Patients with Primary Breast Cancer. Geburtshilfe Frauenheilkd. 
2013;73(1):63–9.

 21. de Azambuja E, McCaskill-Stevens W, Francis P, Quinaux E, Crown JP, 
Vicente M, Giuliani R, Nordenskjöld B, Gutiérez J, Andersson M, et al. The 
effect of body mass index on overall and disease-free survival in node-
positive breast cancer patients treated with docetaxel and doxorubicin-
containing adjuvant chemotherapy: the experience of the BIG 02–98 trial. 
Breast Cancer Res Treat. 2010;119(1):145–53.

 22. Protani M, Coory M, Martin JH. Effect of obesity on survival of women 
with breast cancer: systematic review and meta-analysis. Breast Cancer 
Res Treat. 2010;123(3):627–35.

 23. Scholz C, Andergassen U, Hepp P, Schindlbeck C, Friedl TW, Harbeck N, 
Kiechle M, Sommer H, Hauner H, Friese K, et al. Obesity as an independ-
ent risk factor for decreased survival in node-positive high-risk breast 
cancer. Breast Cancer Res Treat. 2015;151(3):569–76.

 24. Samuel VT, Shulman GI. Mechanisms for insulin resistance: common 
threads and missing links. Cell. 2012;148(5):852–71.

 25. Davis AA, Kaklamani VG. Metabolic syndrome and triple-negative breast 
cancer: a new paradigm. Int J Breast Cancer. 2012;2012:809291.

 26. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin 
resistance and type 2 diabetes. Nature. 2006;444(7121):840–6.

 27. Reaven GM. Banting lecture 1988. Role of insulin resistance in human 
disease. Diabetes. 1988;37(12):1595–607.

 28. Gallagher EJ, Fei K, Feldman SM, Port E, Friedman NB, Boolbol SK, Killelea 
B, Pilewskie M, Choi L, King T, et al. Insulin resistance contributes to racial 
disparities in breast cancer prognosis in US women. Breast Cancer Res. 
2020;22(1):40.

 29. Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: an 
endocrine organ. Arch Med Sci. 2013;9(2):191–200.

 30. Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends Endocrin 
Met. 2000;11(8):327–32.

 31. Kranendonk MEG, van Herwaarden JA, Stupkova T, de Jager W, Vink A, 
Moll FL, Kalkhoven E, Visseren FLJ. Inflammatory characteristics of distinct 
abdominal adipose tissue depots relate differently to metabolic risk fac-
tors for cardiovascular disease Distinct fat depots and vascular risk factors. 
Atherosclerosis. 2015;239(2):419–27.

 32. Wronska A, Kmiec Z. Structural and biochemical characteristics of various 
white adipose tissue depots. Acta Physiol. 2012;205(2):194–208.

 33. Li JJ, Han XH. Adipocytokines and breast cancer. Curr Prob Cancer. 
2018;42(2):208–14.

 34. Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, 
inflammation and immunity. Nat Rev Immunol. 2006;6(10):772–83.

 35. Picon-Ruiz M, Morata-Tarifa C, Valle-Goffin JJ, Friedman ER, Sling-
erland JM. Obesity and adverse breast cancer risk and outcome: 
Mechanistic insights and strategies for intervention. CA Cancer J Clin. 
2017;67(5):378–97.



Page 10 of 10Zhang et al. BMC Cancer          (2022) 22:886 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 36. Bullo M, Salas-Salvado J, Garcia-Lorda P. Adiponectin expression and 
adipose tissue lipolytic activity in lean and obese women. Obes Surg. 
2005;15(3):382–6.

 37. Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G. Adipose tissue 
tumor necrosis factor and interleukin-6 expression in human obesity and 
insulin resistance. Am J Physiol Endocrinol Metab. 2001;280(5):E745-751.

 38. Christopoulos PF, Corthay A, Koutsilieris M. Aiming for the Insulin-like 
Growth Factor-1 system in breast cancer therapeutics. Cancer Treat Rev. 
2018;63:79–95.

 39. Ziccardi P, Nappo F, Giugliano G, Esposito K, Marfella R, Cioffi M, D’Andrea 
F, Molinari AM, Giugliano D. Reduction of inflammatory cytokine concen-
trations and improvement of endothelial functions in obese women after 
weight loss over one year. Circulation. 2002;105(7):804–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Cytokines secreted from adipose tissues mediate tumor proliferation and metastasis in triple negative breast cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Patients and clinical data
	Cell culture
	Insulin-resistant 3T3-L1 adipocyte model
	Cytokine detection
	Cell proliferation and migration
	Statistical analysis

	Results
	Obesity decreased survival of TNBC patients
	Obesity caused blood parameter changes in TNBC

	Obesity altered cytokine secretion of adipose tissue
	Secretion from insulin-resistant adipose tissues promoted proliferation and migration of TNBC

	Discussion
	Conclusion
	Acknowledgements
	References


