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Purpose: Triple-negative breast cancer (TNBC) is an especially aggressive and hard-to-treat 

disease. Although the anticancer role of kaempferol has been reported in breast cancer, the 

effect of kaempferol on TNBC remains unclear.

Materials and methods: This experiment investigated the migration-suppressive role of a 

low dose of kaempferol in TNBC cells. Wound-healing assays and cell invasion assays were 

used to confirm the migration and invasion of cells treated with kaempferol or transfected 

indicated constructs. We evaluated the activations of RhoA, Rac1 and Cdc42 in TNBC cells 

with a Rho activation assay. A panel of inhibitors of estrogen receptor/progesterone receptor/

human epidermal growth factor receptor 2 (ER/PR/HER2) treated non-TNBC (SK-BR-3 and 

MCF-7) cells and blocked the ER/PR/HER2 activity. Wound-healing assays and Rho activa-

tion assays were employed to measure the effect of kaempferol and ER/PR/HER2 inhibitors 

on Rho activation and cell migration rates.

Results: A low dose of kaempferol (20 μmol/L) had a potent inhibitory effect on the migration 

and invasion of TNBC cells, but not on the migration of non-TNBC (SK-BR-3 and MCF-7) 

cells. The low dose of kaempferol downregulated the activations of RhoA and Rac1 in TNBC 

cells. Moreover, the low dose of kaempferol also inhibited the migration and RhoA activations 

of HER2-silence SK-BR-3 and ER/PR-silence MCF-7 cells. Overexpressed HER2 rescued the 

cell migration and RhoA and Rac1 activations of kaempferol-treated MDA-MB-231 cells.

Conclusion: The low dose of kaempferol inhibits the migration and invasion of TNBC cells 

via blocking RhoA and Rac1 signaling pathway.

Keywords: kaempferol, TNBC, migration, invasion, RhoA, Rac1

Introduction
Triple-negative breast cancer (TNBC) is defined by a lack of estrogen receptor (ER), 

progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) 

receptor gene copy number and expression.1 TNBC accounts for 15%–20% of all 

breast cancers and is an especially aggressive and hard-to-treat disease.2 Women with 

TNBC are generally diagnosed at later stages, have a poorer prognosis and a higher 

recurrence risk compared with those diagnosed with non-TNBC.3 TNBCs are highly 

heterogeneous, as cells within the tumor differ in their genetic profiles and histolo-

gies.4 The unique features of these tumors have thus far hindered researchers from 

discovering novel effective therapies.

Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one), 

which is a phytoestrogen belonging to the flavonoids, is mostly found in fruits and 

plants.5 Kaempferol exhibits potential anti-bacterial, anti-oxidative, anti-inflammatory, 
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and anti-tumor activities.6–9 Kaempferol induces growth 

inhibition and apoptosis in lung cancer cells by activating 

MEK-MAPK, and increases lung cancer cell killing by 

radiation in vitro and in vivo through inhibition of the AKT/

PI3K and ERK pathways and activation of the mitochondria 

apoptosis pathway.10,11 Kaempferol functions as an anticancer 

agent by re-establishing gap junctional intercellular commu-

nication through enhancement of the expression and phos-

phorylation of connexin 43 protein in colon cancer cells, and 

sensitizing colon cancer cells to tumor necrosis factor-related 

apoptosis -induced apoptosis.12,13 Kaempferol induces cellular 

apoptosis and aging through downregulating the PI3K/AKT 

and hTERT pathways in human cervical cancer cells.9

In breast cancer, kaempferol induces the apoptosis via 

cell cycle arrest, and suppresses cell growth caused by 

estrogen and triclosan.14,15 Kaempferol inhibits breast cancer 

cell invasion through blocking the PKCδ/MAPK/AP-1 

cascade and the subsequent expression and activity of matrix 

metalloproteinase (MMP)-9.16 Kaempferol can also suppress 

triclosan-induced epithelial–mesenchymal transition (EMT) 

and metastatic-related behaviors in MCF-7 breast cancer 

cells.17 Although the anticancer role of kaempferol has been 

successfully testified in various kinds of tumors, the effect 

of kaempferol on TNBC is still poorly defined. Here, we 

demonstrated for the first time that low dose of kaempferol 

suppressed the migration of TNBC cells by downregulating 

the Rho activity. These findings suggest that kaempferol 

is a potential chemotherapeutic drug for retarding TNBC 

metastasis.

Materials and methods
cell culture
TNBC cell lines (MDA-MB-231 and MDA-MB-453), ER+/

PR+ breast cancer cell line (MCF-7) and HER2+ breast cancer 

cell line (SK-BR-3) were purchased from the Cell Bank of 

Shanghai (Shanghai, China). Cells were routinely cultured in 

DMEM medium, supplemented with 10% fetal bovine serum 

(FBS; Hyclone, Logan, UT, USA), at 37°C in a humidified 

atmosphere with 5% CO
2
.

Transient transfections
Breast cancer cells were seeded in 6-well plates (Costar, 

Corning, NY) and cultured to 80% confluence, and then 

transiently transfected with GFP-RhoA-V14, GFP-Rac1-

V12 (stored in our laboratory) or hemagglutinin (HA)-HER2 

plasmids (purchased from Addgene, Cambridge, MA, USA) 

using Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, 

CA, USA) in serum-free OPTI-MEM according to the 

manufacturer’s instructions. The cells were switched to fresh 

medium containing 10% FBS 6 h after the transfection and 

cultured for 48 h. The cells transfected with GFP-RhoA-

V14, GFP-Rac1-V12 or HA-HER2 constructs were used for 

analyzing the expression and/or activation of these proteins 

and cell migration.

Wound-healing assay
Breast cancer cells were plated onto 96-well cell culture clus-

ters (Costar) and grown to confluence, and then serum-starved 

for 24 h. Herceptin (Genentech, South San Francisco, CA), 

AZD9496 (AZD; Selleck, Houston, TX, USA) or megestrol 

acetate (MA; Selleck) were used 60 min before the scratch 

was made. The monolayer cells were scratched manually 

with a plastic pipette tip, and after 2 washes with PBS, the 

wounded cellular monolayer was allowed to heal for 6 h in 

DMEM containing indicated dose of kaempferol (Sigma, 

St Louis, MO, USA). Photographs of central wound edges 

per condition were taken at time 0 h and 6 h using PowerShot 

G10 camera (Canon, Tokyo, Japan).

cell invasion assays
Cell invasion was assessed in a modified Boyden chamber 

(Costar), in which the 2 chambers were separated by a 

polycarbonate membrane (pore diameter, 8.0 mm). Boyden 

chamber wells were coated with matrigel (BD Biosciences, 

San Jose, CA, USA) for 30 min at 37°C. Cells treated with 

indicated drugs or transfected with indicated plasmids were 

grown to subconfluence in tissue culture plates, then detached 

and thereafter centrifuged and rendered into single cell sus-

pensions in serum-free culture medium supplemented with 

5 mg/mL bovine serum albumin. The suspensions containing 

5×104 cells were added to wells with a membrane placed at 

the bottom. The cells were allowed to migrate and invade 

for 6 h at 37°C in this assay. Thereafter, the medium was 

discarded; stationary cells were removed with a cotton-tipped 

applicator and the membranes were cut out of the chamber 

and stained with 0.5% crystal violet. The response was evalu-

ated under a light microscope by counting the number of cells 

that had migrated and invaded through the membrane.

rho activation assay
Breast cancer cells were seeded into 6-well plates and treated 

with indicated drugs. The experiments were then performed 

according to the manufacturer’s protocol (Cytoskeleton Inc., 

Denver, CO, USA). RhoA, Cdc42 and Rac1 activation assay 

was performed in triplicate. The relative levels of Rho activity 

were normalized to the average value of controls.
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Western blot analysis
Breast cancer cells were placed into 6-well plates (6×105 

cells/well). Seventy-two hours after the transfection with HA-

HER2 or vectors, the cells were harvested and homogenized 

with lysis buffer. Total protein was separated by denaturing 

8% sodium dodecyl sulfate-polyacrylamide gel electropho-

resis (SDS-PAGE). Western blot analysis was performed.18 

The primary antibodies for HA and β-actin were purchased 

from Cell Signaling Technology (Danvers, MA, USA). 

Protein levels were normalized to β-actin.

Pulldown assays
For detection of active RhoA or Rac1, equal volumes of 

total cellular protein were incubated with GST-RBD or 

GST-PBD beads captured on MagneGST Glutathione Par-

ticles (Promega, Madison, WI, USA) at 4°C with constant 

rotation for 90 min. The beads were washed 3 times with 

washing buffer (4.2 mmol/L Na
2
HPO

4
, 2 mmol/L KH

2
PO

4
, 

280 mmol/L NaCl, and 10 mmol/L KCl, pH 7.2). At the end 

of this period, the beads were captured by the magnet in a 

magnetic stand. After washing 3 times with ice-cold buffer, 

the beads were resuspended in Laemmli buffer, boiled, and 

subjected to western blot analysis. SDS-PAGE and western 

blot were performed using standard methods. The other 

procedures were described as aforementioned.

Quantitative real-time Pcr (qPcr)
Total RNAs were isolated with TRIzol reagent (Invitrogen). 

First-strand cDNAs were synthesized using total RNAs, avian 

myeloblastosis virus reverse transcriptase (Promega), and an 

oligo (dT) primer. Polymerase chain reaction (PCR) product 

amplification was detected by the level of fluorescence emit-

ted by SYBR Green (SYBR® Premix Ex Taq™ II, TaKaRa  

Dalian, China), which intercalated into double-stranded 

DNA. Primers used for PCR amplification were as follows: 

Vimentin forward, 5′-CAGATGCGTGAAATGGAAGA-3′, 
Vimentin reverse, 5′-CTCAATGTCAAGGGCCATCT-3′; 
E-cadherin forward, 5′-CAGCACGTACACAGCCC 

TAA-3 ′ ,  E-cadherin reverse,  5 ′-TGAGGCTTTG 

GATTCCTCTC-3′; Snail forward, 5′-CCTCCACGA 

GGTGTGACTAACT-3′, Snail reverse, 5′-CCGACAAG 

TGACAGCCATTA-3′; Slug forward, 5′-CGCAATCA 

ATGTTTACTCGAAC-3′, Slug reverse, 5′-TCTCAAT 

CTAGCCATCAGCAAA-3′; MMP2 forward, 5′-AGAC 

ATACATCTTTGCTGGAG-3′, MMP2 reverse, 5′-ATC 

TGCGATGAGCTTGG-3 ′; MMP9 forward, 5 ′-CC 

ACTGCTGGCCCTTCTA-3′, MMP9 reverse, 5′-CCCT 

GCCCTCAGAGAAT-3′; GAPDH forward, 5′-GCTG 

CGAAGTGGAAACCATC-3′, GAPDH reverse, 5′-CCT 

CCTTCTGCACACATTTGAA-3′. The ΔCt method was 

used for mRNA expression analysis. First, the cycle number 

at the threshold level of fluorescence (Ct) for each sample 

was determined. Next, the ΔCt value was calculated. The 

ΔCt value was the difference between the Ct value of indi-

cated genes and the Ct value of glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH): ΔCt = Ct (indicated gene) – Ct 

(GAPDH). The fold-change for mRNA from cells relative 

to each control cells was calculated using the 2−ΔΔCt method. 

PCR was performed in triplicate.

statistical analysis
Each experiment was repeated for at least three times. 

Numerical data were presented as mean ± SD. The differ-

ence between means was analyzed with Student’s t-test. All 

statistical analyses were performed using SPSS 13.0 software 

(SPSS Inc., Chicago, IL, USA). Differences were considered 

significant when P,0.05.

Results
low dose of kaempferol inhibits the 
migration of TnBc cells
Previous studies reported that kaempferol inhibits cell inva-

sion and EMT of MDA-MB-231 and MCF-7 breast cancer 

cells.16,17 To explore whether low dose of kaempferol spe-

cifically suppresses the migration of TNBC cells, we treated 

TNBC MDA-MB-231 and MDA-MB-453 cells with indicated 

low dose of kaempferol, and measured the migration rate. 

The low dose of kaempferol (10, 20, 40 μmol/L) significantly 

inhibited the migration of MDA-MB-231 and MDA-MB-

453 cells (Figure 1A–C). Thus, kaempferol 20 μmol/L was 

used for further studies to identify the mechanism whereby 

changes in the migration of TNBC cells were induced. Next, 

we accessed the effect of low dose of kaempferol on non-

TNBC cells. The low dose of kaempferol (20 and 40 μmol/L) 

did not inhibit the migration of MCF-7 ER+/PR+ breast cancer 

cells and SK-BR-3 HER2+ breast cancer cells (Figure 1D 

and E). However, the high dose of kaempferol (200 μmol/L) 

significantly inhibited the migration of MCF-7 and SK-BR-3 

HER2+ cells (Figure 1D and E).

We also measured the invasive rate of TNBC cells 

treated with low dose of kaempferol. We found that the 

low dose of kaempferol (20 μmol/L) significantly retarded 

the invasion of MDA-MB-231 and MDA-MB-453 cells 

(Figure 1F–H). Taken together, these results show that the 

low dose of kaempferol inhibits the migration and invasion 

of TNBC cells.
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Figure 1 Kaempferol inhibits the migration and invasion of TnBc cells.
Notes: Breast cancer cells were incubated with kaempferol at the indicated doses for 6 h. The cell motility rate was measured by wound healing assays. (A) representative 
pictures of wound healing assays. Magnification ×100. (B, C) MDa-MB-231 and MDa-MB-453 TnBc cells were allowed to migrate in response to indicated doses of 
kaempferol (μmol/l) for 6 h. (D) McF-7 er+/Pr+ breast cancer cells were allowed to migrate in response to indicated doses of kaempferol (μmol/l) for 6 h. (E) sK-Br-3 
her2+ breast cancer cells were allowed to migrate in response to indicated doses of kaempferol (μmol/l) for 6 h. results are presented as mean ± sD of 5 independent 
experiments in (B–E). (F) The representative pictures of cell invasion assays. Magnification ×100. (G, H) MDa-MB-231 and MDa-MB-453 TnBc cells were allowed to invade 
in response to 20 μmol/l kaempferol for 6 h. results are presented as mean ± sD of 3 independent experiments in (G and H).
Abbreviations: ctrl, control; er, estrogen receptor; her2, human epidermal growth factor receptor 2; Pr, progesterone receptor; TnBc, triple-negative breast cancer; ns, 
no significance.
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Kaempferol inhibits cell migration and 
invasion by downregulating rhoa and 
rac1 activations
In view of the fact that Rho signaling mediates microfila-

ment rearrangement and cell migration of cancer cells,18–22 

we speculated that kaempferol inhibited the migration of 

TNBC cells by downregulating Rho signaling. We treated 

TNBC cells with low dose of kaempferol, and then examined 

the activation of RhoA, Rac1 and Cdc42 by Rho activation 

assays and Pull-down assays. As a result, the activations 

of RhoA and Rac1 were significantly blocked by kaemp-

ferol treatment in MDA-MB-231 and MDA-MB-453 cells 

(Figure 2A–D). However, Cdc42 activation was not altered 

in kaempferol-treated MDA-MB-231 and MDA-MB-453 

cells (Figure 2A and B).

We next transfected TNBC cells with constitutive activ-

ity RhoA (RhoA-V14) and Rac1 (Rac1-V12), and then 

determined the migration and invasion rates. The transfec-

tion efficiency of GFP-tagged puncta were 60%–70%, as 

observed under a fluorescence microscope. Overexpres-

sion of RhoA-V14 and Rac1-V12 elevated the RhoA and 

Rac1 activations of kaempferol-treated MDA-MB-231 and 

MDA-MB-453 cells, respectively (Figure 3A and D). More-

over, the constitutive activity RhoA and Rac1 rescued the 

migration and invasion of kaempferol-treated TNBC cells 

(Figure 3B, C, E, and F). Collectively, the low dose of kaemp-

ferol inhibits cell migration and invasion by downregulating 

RhoA and Rac1 activations in TNBC cells.

Kaempferol and herceptin suppress the 
migration and rho activity of her2+ cells
Having identified its role as a migration-suppressor on TNBC 

cells, we further determined the effect of kaempferol on 

HER2+ breast cancer cells that were treated with herceptin. 

The low dose of kaempferol (20 μmol/L) significantly 

inhibited the migration of HER2-silence SK-BR3 cells 

(Figure 4A). We also found that the activations of RhoA 

and Rac1 were down-regulated in HER2-silence SK-BR3 

cells (Figure 4B and C).

Overexpression of her2 rescues the 
migration and invasion, and rho activity 
of kaempferol-treated TnBc cells
We transfected the HA-tagged HER2 into MDA-MB-231 

TNBC cells, then examined the HER2 expression by using 

Figure 2 Kaempferol depresses the activations of rhoa and rac1 in TnBc cells.
Notes: (A, B) TnBc cells (MDa-MB-231 and MDa-MB-453) were incubated with 20 μmol/l kaempferol for 1 h, and then subjected to the rho activity assays. The relative 
levels of rho activity were normalized to the average value of controls. results are presented as mean ± sD of 3 independent experiments. (C, D) TnBc cells (MDa-MB-231 
and MDa-MB-453) were incubated with 20 μmol/l kaempferol for 1 h, and then subjected to the pulldown assays and Western blot analysis.
Abbreviations: Ctrl, control; ns, no significance; TNBC, triple-negative breast cancer.
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western blot assays. HER2 were extremely expressed in 

HA-HER2-transfected MDA-MB-231 cells (Figure 5A). 

In those cells, the low dose of kaempferol (20 μmol/L) did not 

inhibit the cell migration, the activation of RhoA and Rac1, 

and the cell invasion (Figure 5B–E). Thus, the overexpres-

sion of HER2 could rescue the migration and invasion, and 

Rho activity of kaempferol-treated TNBC cells.

Kaempferol, aZD and Ma suppress 
the migration and rho activity of 
er+/Pr+ cells
We further determined the kaempferol’s effect on ER+/

PR+ breast cancer cells that were treated with AZD 

and MA. The low dose of kaempferol (20 μmol/L) 

significantly inhibited the migration of ER/PR-silence 

Figure 3 constitutive activity rhoa and rac1 rescue the migration and invasion of TnBc cells inhibited by kaempferol.
Notes: (A–C) MDa-MB-231 TnBc cells were transfected with constitutive activity rhoa (rhoa-V14) or vector, then subjected to the rhoa activity assays (A), wound 
healing assays (B), and cell invasion assays (C). (D–F) MDa-MB-453 TnBc cells were transfected with constitutive activity rac1 (rac1-V12) or vector, then subjected to the 
rac1 activity assays (D), wound healing assays (E) and cell invasion assays (F). The relative levels of rho activity and cell migration distance were normalized to the average 
value of controls. results are presented as mean ± sD of 3 independent experiments in (A, C, D, F) and 5 independent experiments in (B, E).
Abbreviations: ctrl, control; TnBc, triple-negative breast cancer.
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MCF-7 cells (Figure 6A). We also found that the activa-

tion of RhoA was down-regulated in ER/PR-silenced 

MCF-7 cells (Figure 6B). However, the active Rac1 

was not altered in ER/PR-silenced MCF-7 cells (Figure 6C).

Kaempferol down-regulates the mrna 
levels of eMT markers and MMPs in 
TnBc cells
Finally, we checked the effect of kaempferol on the tran-

scriptional levels of EMT markers and MMPs. The expres-

sion levels of E-cadherin (the epithelial marker) were 

down-regulated in MDA-MB-231 TNBC cells treated with 

20 μmol/L kaempferol compared with those in control 

cells (Figure 7A). On the contrary, the expression levels 

of Vimentin (the mesenchymal marker), Snail and Slug 

were upregulated in MDA-MB-231 cells treated with kae-

mpferol compared with those in control cells (Figure 7A). 

Moreover, we found that the expression levels of MMP2 

and MMP9 were down-regulated in MDA-MB-231 cells 

treated with kaempferol compared with those in control 

cells (Figure 7B).

Discussion
Clinically important therapeutic advances in the treatment 

of TNBC have not occurred. Distant metastatic recurrences 

tend to occur within the first 3–5 years after the diagnosis 

of TNBC.1 The survival duration of patients with metastatic 

TNBC is notably shorter than that of patients with metastatic 

ER-positive cancers.23 The high mortality of TNBC has 

prompted researchers to investigate novel drugs targeting 

TNBC cells.

Kaempferol, a phytoestrogen belonging to the flavonoids, 

exhibits potential and anti-tumor effect.5 Kaempferol induces 

the apoptosis and inhibits the cell proliferation of breast can-

cer cells.14,24,25 Kaempferol could also inhibit breast cancer cell 

invasion and suppress triclosan-induced EMT and metastatic-

related behaviors.16,17 However, the effect of kaempferol on 

TNBC is poorly systematically defined. Here, we found that 

Figure 4 Kaempferol and her2 inhibitor suppress the migration and rho activity of sK-Br-3 cells.
Notes: (A) sK-Br-3 her2+ breast cancer cells were allowed to migrate in response to 20 μmol/l kaempferol and/or 10 μg/ml herceptin (her2 inhibitor) for 6 h. results 
are presented as mean ± sD of 5 independent experiments. (B, C) sK-Br-3 cells were incubated with 20 μmol/l kaempferol and/or 10 μg/ml herceptin for 1 h, and then 
subjected to the rhoa (B) and rac1 (C) activity assays. The relative levels of rho activity were normalized to the average value of controls. results are presented as 
mean ± sD of 3 independent experiments.
Abbreviations: ctrl, control; her2, human epidermal growth factor receptor 2.
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the low dose of kaempferol effectively retards the migration 

of TNBC cells, but remains unavailable in non-TNBC cells’ 

motion. Moreover, the low dose of kaempferol also inhibits 

the migration of HER2-silence SK-BR-3 and ER/PR-silence 

MCF-7 cells. Overexpressed HER2 rescues the cell migration 

of kaempferol-treated MDA-MB-231 cells. Thus, we declaim 

the role of tumor migration and invasion inhibition for the low 

dose of kaempferol via blocking a novel signaling pathway 

rather than ER/PR/HER2 signaling.

Herceptin is the prototype HER2-directed therapy that 

showed efficacy in early stage disease.26 Despite the practice-

changing impact of herceptin and improvement in outcomes 

of women with HER2-positive breast cancer, resistance to 

herceptin is a major clinical issue.26 Here, we found that the 

Figure 5 Overexpression of her2 rescues the migration and rho activity of TnBc cells inhibited by kaempferol.
Notes: (A) MDa-MB-231 TnBc cells were transfected with ha-her2 or vector, and then subjected to Western blot analysis. β-actin as the internal control. (B) MDa-
MB-231 TnBc cells were transfected with ha-her2 or vector, then allowed to migrate in response to 20 μmol/l kaempferol for 6 h. results are presented as mean ± sD 
of 5 independent experiments. (C, D) MDa-MB-231 TnBc cells were transfected with ha-her2 or vector, then incubated with 20 μmol/l kaempferol for 1 h, and 
subsequently subjected to the rhoa (C) and rac1 (D) activity assays. The relative levels of rho activity were normalized to the average value of controls. results are 
presented as mean ± sD of 3 independent experiments. (E) MDa-MB-231 TnBc cells were transfected with ha-her2 or vector, then allowed to invade in response to 
20 μmol/l kaempferol for 6 h. results are presented as mean ± sD of 3 independent experiments.
Abbreviations: Ctrl, control; HER2, human epidermal growth factor receptor 2; ns, no significance; TNBC, triple-negative breast cancer.
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combination of the low dose of kaempferol with herceptin 

deeply inhibits the migration of HER2+ breast cancer cells. 

Moreover, the combination of the low dose of kaempferol 

with AZD and MA significantly blocks the migration of 

ER+/PR+ breast cancer cells. These results indicate that 

kaempferol functions as a modulator of ER/PR and HER2 

on sensitivity of breast cancer cells.

Kaempferol is poorly absorbed, with an extremely poor 

oral bioavailability.27 However, it has been reported that 

the combination of kaempferol with quercetin significantly 

Figure 6 Kaempferol and er/Pr inhibitor suppress the migration and rho activity of McF-7 cells.
Notes: (A) McF-7 er+/Pr+ breast cancer cells were allowed to migrate in response to 20 μmol/l kaempferol and/or 0.1 nmol/l aZD9496 (er inhibitor) and 200 μmol/l 
megestrol acetate (Pr inhibitor) for 6 h. results are presented as mean ± sD of 5 independent experiments. (B, C) McF-7 cells were incubated with 20 μmol/l kaempferol 
and/or 0.1 nmol/l aZD9496 and 200 μmol/l Ma for 1 h, and then subjected to the rhoa (B) and rac1 (C) activity assays. The relative levels of rho activity were normalized 
to the average value of controls. results are presented as mean ± sD of 3 independent experiments.
Abbreviations: AZD, AZD9496; Ctrl, control; ER, estrogen receptor; MA, megestrol acetate; ns, no significance; PR, progesterone receptor.

Figure 7 Kaempferol downregulates the mrna levels of eMT markers and MMPs in TnBc cells.
Notes: (A, B) MDa-MB-231 TnBc cells were incubated with 20 μmol/l kaempferol for 1 h, and then subjected to the qPcr assays. The relative mrna levels of e-cadherin, 
Vimentin, snail, slug (A), and MMP2, MMP9 (B) were normalized to the average value of controls. results are presented as mean ± sD of 3 independent experiments.
Abbreviations: eMT, epithelial–mesenchymal transition; MMP, matrix metalloproteinase; qrT-Pcr, quantitative real-time polymerase chain reaction; TnBc, triple-negative 
breast cancer.
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increases the anticancer effects of quercetin through blocking 

the efflux of quercetin.28 The consumption of kaempferol 

has been reported to significantly increase the cytotoxic 

effects of cisplatin.29 In in vivo xenografted mouse models, 

kaempferol inhibits the growth and metastasis of cholangio-

carcinoma in vivo.30 The volume of subcutaneous xenograft 

in the kaempferol-treated group was smaller than that in the 

cholangiocarcinoma control group.30 Kaempferol also sup-

pressed the number and volume of metastasis foci in the lung 

metastasis model.30 Song et al also found that kaempferol, 

administered 20 mg/kg/day intraperitoneal injection (i.p.) 

daily for 3 weeks, could inhibit the growth of the gastric 

tumor xenografts.31 17β-estradiol (E2) or triclosan-induced 

breast tumor growth was inhibited by co-treatment with 

kaempferol.15 These literatures on the anti-tumor effects of 

kaempferol provide the in vivo evidences supporting our 

findings obtained from cellular levels.

Our group has reported that Rho signaling mediates 

microfilament rearrangement and cell migration of cancer 

cells.18–22 Kaempferol blocks the PKCδ/MAPK/AP-1 cascade 

and the subsequent expression and activity of MMP-9, 

and then inhibits cell invasion of breast cancer.16 Here, we 

found that the activations of RhoA and Rac1 were down-

regulated in kaempferol-treated TNBC cells. Moreover, 

the low dose of kaempferol also inhibits the Rho activity 

of HER2-silence SK-BR-3 and ER/PR-silence MCF-7 

cells. Overexpressed HER2 rescues the Rho activity of 

kaempferol-treated MDA-MB-231 cells. Therefore, the low 

dose of kaempferol suppresses the migration of TNBC cells 

by downregulating the activities of RhoA and Rac1.

Conclusion
This study clarified the anti-tumor effect of the low dose of 

kaempferol on TNBC cells. To the best of our knowledge, 

this is the first to demonstrate that the low dose of kaemp-

ferol inhibits the migration and invasion of TNBC cells via 

targeting RhoA or Rac1 signaling pathway. Therefore, kae-

mpferol is a potential therapeutic drug for human TNBC.
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