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	 Background:	 Celastrol is extracted from the root of the Chinese traditional herb Tripterygium wilfordii, which has anti-can-
cer effects in multiple cancers. However, the effect of celastrol on the metastasis of triple-negative breast can-
cer and its mechanism remain largely unknown.

	 Material/Methods:	 MDA-MB-468 and MDA-MB-231 cells were treated with various doses of celastrol for 24 h. Cell viability was 
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Background

Breast cancer is a common cancer in women worldwide, with 
high incidence and mortality rates [1]. Triple-negative breast 
cancer (TNBC) accounts for 15–20% of all breast tumors and 
is characterized by frequent metastasis [2]. The metastasis in-
volves dissemination of cancer cells and is the leading cause of 
mortality in breast cancer patients [3]. With advances in under-
standing the pathogenesis of breast cancer, many natural phy-
tochemicals have been reported to be promising for treatment 
of female breast cancer [4]. However, more studies are need-
ed to better understand their pharmacology in treating TNBC.

Celastrol, a natural phytochemical from the root of the Chinese 
traditional herb Tripterygium wilfordii, plays anti-cancer roles in 
human cancers through exerting pro-apoptotic, anti-angiogen-
ic, anti-metastatic, and anti-inflammatory effects [5]. Celastrol 
has been reported to play anti-cancer roles and may be a po-
tential therapeutic candidate in breast cancer. For example, 
Li et al. reported that celastrol inhibits breast cancer cell growth 
by suppressing the mTOR pathway in vitro and in vivo [6]. Jang 
et al. showed celastrol suppresses growth of breast cancer cells 
by regulating estrogen receptor a [7]. Moreover, celastrol in-
hibits cell viability but promotes apoptosis and reactive oxy-
gen species generation in breast cancer [8]. More importantly, 
celastrol is reported to cause apoptosis of TNBC cells through 
inducing reactive oxygen species production and mitochondri-
al dysfunction and inactivating the phosphatidylinositol 3-ki-
nase and protein kinase B pathways [9]. However, the effect 
of celastrol on metastasis of TNBC and its underlying mecha-
nism are largely unclear.

Interleukin-6 (IL-6) is a multifunctional cytokine that regu-
lates cell growth, angiogenesis, and other progressions in 
various cancers [10]. A previous study suggested that IL-6 
may serve as a negative prognosticator in breast cancer [11]. 
Furthermore, IL-6 was found to be highly expressed and im-
portant for growth of TNBC cells [12]. Therefore, novel strat-
egies directed towards Il-6 may be alternative ways to im-
prove the outcome of TNBC. Nuclear factor-kB (NF-kB) can 
regulate IL-6 expression via binding sites within the IL-6 pro-
moter area, and this regulatory network plays essential roles 
in breast cancer progression [13,14]. Hence, we hypothesized 
that NF-kB-mediated IL-6 is required in the anti-cancer effect 
of celastrol in TNBC. Cell migration and invasion are key steps 
in cancer metastasis. In this research, we assessed the func-
tion of celastrol in migration and invasion of TNBC cells and 
explored the potential interaction between celastrol and IL-6.

Material and Methods

Cell culture and celastrol exposure

Human TNBC cell lines MDA-MB-468 and MDA-MB-231 were 
purchased from BeNa Culture Collection (Beijing, China). The 
cells were grown in DMEM (Sigma, St. Louis, MO, USA) plus 
10% fetal bovine serum (Sigma) and 1% penicillin/streptomy-
cin (Sigma) at 37oC with 5% CO2. The purity of celastrol (Sigma) 
was ³98% and it was dissolved in DMSO (Sigma). Cells were 
incubated with various doses of celastrol (0.1, 0.5, 1, 2, and 
5 μM) for 24 h based on methods described in previous re-
ports [6,15]. The high doses (2 and 5 μM) and low doses (0.1, 
0.5, and 1 μM) of celastrol were differentiated according to the 
influence on cell viability. The control group was treated with 
an equal volume of DMSO. Subsequently, cells were collected 
for further experiments. Each sample was prepared in tripli-
cate, and every experiment was repeated 3 times.

Cell viability

MDA-MB-468 and MDA-MB-231 cells (1×104/well) were added 
into 96-well plates overnight and then stimulated with various 
concentrations (0.1, 0.5, 1, 2, and 5 μM) of celastrol. After in-
cubation for 24 h, cells were exposed to 0.5 mg/mL MTT solu-
tion (Sigma) for another 4 h. Subsequently, the medium was 
exposed to DMSO to solubilize the formazan. The absorbance 
at 490 nm was detected using a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Transwell assay

Cell migration and invasion were detected in 24-well transwell 
chambers. For cell migration analysis, MDA-MB-468 and MDA-
MB-231 cells (3×104 cells) in 100 μL non-serum DMEM were 
placed in the upper chambers, and 500 μL medium with 10% 
fetal bovine serum was placed in the lower chambers. After 
incubation with various concentrations (0.1, 0.5, and 1 μM) of 
celastrol for 24 h, cells that migrated to the bottom of cham-
bers were dyed with 0.5% crystal violet (Beyotime, Shanghai, 
China) and observed under a microscope (Nikon, Tokyo, Japan) 
with 3 randomly selected fields. For invasion analysis, the tran-
swell chambers were pre-coated with 30 μg per well of Matrigel 
(Solarbio, Beijing, China) and the experiment was conducted 
the same as above.

Cell transfection

The overexpression vector of IL-6 (oe-IL-6) was constructed by 
cloning the full-length sequence of IL-6 into pcDNA3.1 vector 
(Invitrogen, Carlsbad, CA, USA), with pcDNA3.1 as negative 
control (vector). Short-hairpin RNA (shRNA) against IL-6 (sh-
IL-6-1 or sh-IL-6-2) and shRNA negative control (sh-NC) were 
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obtained from Fulengen (Guangzhou, China). Cell transfection 
was carried out with Lipofectamine 3000 (Invitrogen). After 24 
h, cells were collected for assessment of transfection efficacy 
and transwell analyses.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

After the transfection or celastrol treatment, MDA-MB-468 
and MDA-MB-231 cells were interacted with TRIzol reagent 
(Invitrogen) for RNA isolation. All-in-One mRNA First Strand 
cDNA Synthesis kits and qRT-PCR Detection kits (Fulengen) 
were used for RNA reverse transcription and qRT-PCR, respec-
tively. The amplified reaction was conducted under the follow-
ing conditions: 95oC for 5 min, followed by 35 cycles of 95oC 
for 15 s and 60oC for 1 min. The relative expression of IL-6 was 
analyzed with GAPDH as a reference via 2–DDCt method [16].
The primer sequences were:
IL-6 forward, 5’-GGCACTGGCAGAAAACAACC-3’ and
reverse, 5’-GCAAGTCTCCTCATTGAATCC-3’;
GAPDH forward, 5’-GCACCGTCAAGGCTGAGAAC-3’ and
reverse, 5’-ATGGTGGTGAAGACGCCAGT-3’.

Western blot analysis

Following transfection or celastrol treatment, MDA-MB-468 and 
MDA-MB-231 cells were harvested and lysed in RIPA contain-
ing phenylmethanesulfonyl fluoride (Beyotime). After quanti-
fication using a BCA kit (Beyotime), protein was denatured by 
boiling water bath for 5 min. Then, we separated 20 μg pro-
tein samples via SDS-PAGE, transferred them to nitrocellulose 
membranes (Bio-Rad), and blocked them in 5% skim milk for 
1 h. Subsequently, the membranes were interacted with rabbit 
primary antibodies overnight at 4oC, including IL-6 (#12153, Cell 
Signaling Technology, Danvers, MA, USA), p-IKBa (#2859), IKBa 
(#4812), p65 (#8242), GAPDH (#2118), and Lamin B (#13435), 

and then interacted with anti-rabbit horseradish peroxidase-
conjugated IgG (#5127) for 2 h. The protein signaling was vi-
sualized through ECL substrate (Beyotime) and quantitated 
via Image Lab software (Bio-Rad). Relative protein expression 
was analyzed with GAPDH or Lamin B as the internal control 
and the normalized control, respectively.

Enzyme-linked immunosorbent assay (ELISA)

MDA-MB-468 and MDA-MB-231 cells (1×105/well) were add-
ed into 12-well plates and then exposed to celastrol for 24 h. 
The culture medium was harvested for assessment of IL-6 se-
cretion level using a human ELISA kit (Invitrogen) following 
the instructions of the manufacturer. Intensity of color was 
detected with a microplate reader at 450 nm and the secret-
ed level of IL-6 was measured according to the representa-
tive standard curve.

Luciferase reporter assay

The IL-6 luciferase reporter vector carrying the NF-kB response 
element was constructed based on the pGL3 reporter vector 
(Promega, Madison, WI, USA) following a previously reported 
method [17], and termed as pGL3-IL-6(-149/+8). The reporter 
vector pGL3-IL-6(-149/+8 MUT) containing the mutant NF-kB re-
sponse element was obtained using a QuikChange site-direct-
ed mutagenesis kit (Stratagene, La Jolla, CA, USA). MDA-MB-468 
and MDA-MB-231 cells at 70% confluence in 24-well plates were 
transfected with 100 ng luciferase reporter vector and pSV-b-ga-
lactosidase (Thermo Fisher, Wilmington, DE, USA) for 24 h. Then, 
the transfected cells were incubated with 1 μM celastrol for 24 h. 
The luciferase activity and b-galactosidase activity were mea-
sured following the instructions of the manufacturer (Promega). 
The luciferase activity and b-galactosidase activity were moni-
tored using a GloMax 20/20 luminometer (Promega). The b-ga-
lactosidase activity was regarded as normalization.
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Figure 1. �The effect of celastrol on viability of TNBC cells. (A, B) Cell viability was examined in MDA-MB-231 and MDA-MB-468 cells 
after exposure to various doses of celastrol for 24 h via MTT assay. * P<0.05 vs. the non-treated group (0 µM).
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Statistical analysis

Data from 3 independent experiments are expressed as the 
means±standard deviation. GraphPad Prism 6 (GraphPad, San 
Diego, CA, USA) was employed for graph drawing and analysis 
of differences via ANOVA followed by Dunnett’s test. A P<0.05 
was considered as statistically significant.

Results

Celastrol suppresses viability of TNBC cells

To analyze the anti-cancer function of celastrol in TNBC, MDA-
MB-231, and MDA-MB-468 cells, cells were stimulated with 
various doses (0.1, 0.5, 1, 2, and 5 μM) of celastrol. After in-
cubation for 24 h, cell viability was measured via MTT analy-
sis. Results showed high doses (2 and 5 μM) of celastrol led 
to significant loss of viability of MDA-MB-231 compared with 
the non-treated group (Figure 1A). Similarly, cell viability was 
also obviously inhibited in MDA-MB-468 cells after exposure 
to high doses (2 and 5 μM) of celastrol (Figure 1B). However, 
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Figure 2. �The influence of celastrol on migration and invasion of TNBC cells. (A, B) Cell migration was assessed in MDA-MB-231 and 
MDA-MB-468 cells after exposure to various doses of celastrol for 24 h by transwell assay. (C, D) Cell invasion was detected 
after treatment with various doses of celastrol for 24 h via transwell analysis. * P<0.05 vs. the non-treated group (0 μM).
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low doses (0.1, 0.5, and 1 μM) of celastrol had little effect on 
cell viability. To eliminate the effect of viability inhibition on 
metastasis, cells treated with low doses (0.1, 0.5, and 1 μM) 
of celastrol were used for subsequent experiments.

Celastrol suppressed migration and invasion of TNBC cells

To explore the influence of celastrol on metastasis, MDA-
MB-468 and MDA-MB-231 cells were stimulated with low con-
centrations (0.1, 0.5, and 1 μM) of celastrol for 24 h. Transwell 
migration analysis revealed that exposure to celastrol strong-
ly suppressed cell migration in a concentration-dependent 
manner (Figure 2A, 2B). Cell invasive ability was analyzed by 
Matrigel transwell assay, showing progressive reduction of in-
vasive ability in the 2 cell lines after stimulation wth celastrol, 
in a concentration-dependent manner (Figure 2C, 2D).

Knockdown of IL-6 repressed migration and invasion of 
TNBC cells

To probe the potential role of IL-6 in TNBC, MDA-MB-231, and 
MDA-MB-468 cells, cells were transfected with sh-IL-6-1, sh-
IL-6-2, or sh-NC. After transfection for 24 h, the expression of 
IL-6 was measured at transcriptional and protein levels. qRT-PCR 
assay results showed that transfection of sh-IL-6-1 or sh-IL-6-2 
effectively decreased the mRNA level of IL-6 compared with 
the sh-NC group (Figure 3A). Western blot analysis showed 

that IL-6 protein level was significantly reduced in cells trans-
fected with sh-IL-6-1 or sh-IL-6-2 compared with that in the 
sh-NC group (Figure 3B). Moreover, the secreted level of IL-6 
in medium was also decreased by transfection with sh-IL-6-1 
or sh-IL-6-2 (Figure 3C). These findings validated the transfec-
tion efficacy of sh-IL-6-1 or sh-IL-6-2. In addition, the effect of 
IL-6 on metastasis of breast cancer cells was investigated by 
transwell assay after transfection, showing that knockdown of 
IL-6 notably impeded migration and invasion of MDA-MB-231 
and MDA-MB-468 cells (Figure 3D–3F).

IL-6 overexpression reversed the suppressive effect of 
celastrol on migration and invasion of TNBC cells

To explore whether IL-6 is involved in celastrol-induced inhibi-
tion of metastasis of TNBC, the effect of celastrol on IL-6 lev-
el was investigated in MDA-MB-231 and MDA-MB-468 cells. 
After incubation with low concentrations (0.1, 0.5, and 1 μM) 
of celastrol for 24 h, the expression of IL-6 mRNA was progres-
sively inhibited in a concentration-dependent manner in com-
parison to the non-treated group (Figure 4A). Furthermore, the 
protein level of IL-6 was significantly decreased in these 2 cell 
lines after exposure to various doses of celastrol (Figure 4B). 
Similarly, ELISA assay revealed that the level of IL-6 was also 
inhibited in medium following celastrol treatment, in a con-
centration-dependent manner (Figure 4C). Additionally, MDA-
MB-231 and MDA-MB-468 cells were transfected with oe-IL-6 
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Figure 3. �The influence of IL-6 inhibition on migration and invasion of TNBC cells. The levels of IL-6 mRNA (A), protein (B) in cells 
and in cell medium (C) were examined in MDA-MB-231 and MDA-MB-468 cells transfected with sh-IL-6-1, sh-IL-6-2, or sh-
NC by qRT-PCR, Western blot, or ELISA, respectively. (D, E) Cell migration and invasion were detected in MDA-MB-231 and 
MDA-MB-468 cells with transfection of sh-IL-6-1, sh-IL-6-2, or sh-NC by transwell assay. * P<0.05 vs. the negative control 
transfection group (sh-NC).
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or vector and then exposed to 1 μM celastrol for 24 h. After the 
transfection of IL-6, the mRNA and protein levels of IL-6 were 
markedly enhanced in cells (Figure 4D–4F). Overexpression of 
IL-6 weakened celastrol-mediated suppression of migration and 
invasion in MDA-MB-231 and MDA-MB-468 cells (Figure 4G, 4H).

Celastrol reduced IL-6 level by blocking the NF-kB pathway

To investigate the effect of celastrol on the NF-kB pathway, the 
expressions of protein in this signaling pathway were measured 
via Western blot analysis. The results of Western blot analy-
sis showed treatment of celastrol obviously inhibited the ex-
pressions of p-IKBa and p65 but increased IKBa protein level, 

in a concentration-dependent manner, suggesting that celas-
trol inhibited activation of the NF-kB pathway (Figure 5A, 5B). 
Moreover, we constructed the IL-6 luciferase reporter vector 
containing the NF-kB response element. Luciferase reporter as-
say showed that treatment with celastrol strongly decreased 
luciferase activity of pGL3-IL-6(-149/+8) cells compared with 
the control group, while its efficacy was reduced by the mu-
tation of NF-kB binding sites in the pGL3-IL-6(-149/+8 MUT) 
group (Figure 5C, 5D).
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Discussion

Chinese herbal medicine has been widely used as adjunct 
breast cancer therapy [18]. Celastrol is a natural phytochem-
ical that plays an important anti-cancer role in TNBC [9]. To 
the best of our knowledge, this study is the first to assess the 
anti-metastatic role of celastrol and to determine the interac-
tion between celastrol and IL-6 in TNBC cells.

A growing number of studies have reported the anti-metastat-
ic roles of celastrol in many cancers, including ovarian cancer, 
chondrosarcoma, and osteosarcoma [19–21]. Moreover, pre-
vious studies showed that celastrol repressed phorbol 12-my-
ristate 13-acetate-induced migration and invasion of MCF-7 
breast cancer cells at various concentrations (0.1–2.5 μM) [15]. 
Mi et al. found MDA-MB-231 cell viability was clearly de-
creased by treatment with 3 or 10 μM celastrol, but not with 
1 μM. High concentrations of celastrol suppressed invasion 
of MDA-MB-231 cells, while exposure to 1 μM celastrol for 
12 h had little effect on the level of TNF-a [22]. In the present 
study, we also found that treatment with 2 or 5 μM celastrol 
for 24 h clearly decreased viability of MDA-MB-231 and MDA-
MB-468 cells, while low concentrations (0.1, 0.5 and 1 μM) of 
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Figure 5. �The effect of celastrol on NF-kB/IL-6 pathway. (A, B) The expressions of p-IKBa, IKBa, and p65 were measured in MDA-
MB-231 and MDA-MB-468 cells after exposure to various doses of celastrol for 24 h by Western blot. (C, D) Luciferase activity 
of IL-6 reporter vector was analyzed in MDA-MB-231 and MDA-MB-468 cells after exposure to 1 μM celastrol for 24 h. 
* P<0.05 vs. the non-treated group (0 μM or control).

celastrol did not. To eliminate the effect of viability inhibition 
on migration and invasion, the transwell assay was conduct-
ed in TNBC cells after treatment with low doses (0.1, 0.5, and 
1 μM) of celastrol for 24 h. Results showed that celastrol treat-
ment suppressed TNBC cell migration and invasion, showing 
the anti-metastatic role of celastrol in TNBC. Although it was 
reported that treatment with 1 μM of celastrol for 12 h did 
not alter the invasion of MDA-MB-231, we hypothesize this 
difference might be caused by the different exposure dura-
tions. However, the potential mechanism underlying the abil-
ity of celastrol to block migration and invasion of TNBC cells 
remains elusive. Previous works demonstrated that celastrol 
could decrease IL-6 expression in vivo and in vitro [23,24], sug-
gesting that celastrol blocks metastasis of TNBC by regulat-
ing IL-6 expression.

IL-6 was reported to be involved in synergistic paracrine sig-
naling to promote cell migration, and its inhibition reduced the 
metastatic capacity of cancer cells [25]. Furthermore, downreg-
ulation of IL-6 contributed to inhibition of cell viability, colo-
ny formation, and migration in TNBC cells [26]. In the present 
study, to analyze the potential function of IL-6 in cell migration 
and invasion, we purchased commercial sh-IL-6 products and 
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transfected them into MDA-MB-231 and MDA-MB-468 cells. 
After transfection, we found the level of IL-6 was effectively 
reduced at mRNA and protein levels. Moreover, knockdown of 
IL-6 suppressed cells migration and invasion, suggesting IL-6 
inhibition plays an anti-metastatic role in TNBC. Meanwhile, 
we found that IL-6 was highly expressed in TNBC cells, and 
MDA-MB-231 cells exhibited higher levels of IL-6 than MDA-
MB-468 cells, which is also in agreement with previous stud-
ies [12,27]. We also validated that celastrol decreased IL-6 ex-
pression, and IL-6 overexpression reversed the effect of celastrol 
on cell migration and invasion, showing that celastrol blocked 
migration and invasion of TNBC cells by decreasing IL-6 ex-
pression. However, little is known about how celastrol inhibits 
IL-6 levels. The available evidence indicates that NF-kB binds 
with IL-6 promoter, and inhibition of NF-kB/IL-6 signaling can 
suppress migration and angiogenesis of TNBC [14]. We found 
that celastrol induced accumulation of IKBa through imped-
ing the phosphorylation of IKBa, leading to reduction of p65, 
revealing that celastrol inhibited NF-kB pathway activation in 
TNBC cells. In addition, we found that celastrol inhibited the 
luciferase activity of pGL3-IL-6(-149/+8), indicating that celas-
trol decreased IL-6 expression by blocking the NF-kB pathway 
in TNBC, which is also reported in prostate cancer, dorsal root 
ganglion, LPS-treated retinal pigment epithelial cells, choles-
tatic liver injury, and gamma irradiation-induced injury [28–32]. 

These findings show that celastrol suppresses cell migration 
and invasion by inhibiting IL-6 expression via the NF-kB path-
way in TNBC cells. Nevertheless, in vivo studies are needed 
to further assess the potential of celastrol as an anti-cancer 
drug for use in TNBC.

Conclusions

In conclusion, the present study demonstrated that celastrol 
has an anti-cancer effect in TNBC. Celastrol inhibited migra-
tion and invasion in TNBC cells at low-toxicity concentrations. 
Moreover, we found that the anti-metastatic role of celastrol 
was associated with blocking the NF-kB/IL-6 pathway. This in-
dicates celastrol is a promising agent for treatment of TNBC 
by inhibiting migration and invasion.
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