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	 Background:	 Breast cancer (BC), a prevalent and heterogeneous disease of glandular breast tissue, is the most common 
cancer in women. The interaction between Kaempferol and IQ motif containing GTPase-activating protein 3 
(IQGAP3) in BC and its underlying mechanism are poorly defined.

	 Material/Methods:	 After natural phytochemicals treatment, the expression of IQGAP3 in BC cells (ZR-75-30 and BT474) was de-
tected by real-time PCR. Then, the proliferation and apoptosis in BC cells with different gradient concentrations 
(10, 25, 50, and 100 µmol/l) of Kaempferol treatment were detected. After treatment with Kaempferol or epi-
dermal growth factor (EGF), we assessed apoptosis and expression of related genes.

	 Results:	 We found that natural phytochemicals, especially Kaempferol, decreased IQGAP3 expression in BC cells. 
Kaempferol significantly induced proliferation inhibition and apoptosis in BC cells, concurrent with decreased 
IQGAP3 expression. Upregulation of IQGAP3 inhibited apoptosis in BC cells, along with increased expression 
of phosphorylated extracellular signal-regulated kinases 1/2 (p-ERK1/2) and B cell lymphoma 2 (Bcl2) and de-
creased Bcl-2-associated X protein (Bax) expression, which was counteracted by Kaempferol treatment. EGF 
markedly inhibited Kaempferol-induced apoptosis in BC cells, and ERK1/2 inhibitor PD98059 had an effect sim-
ilar to that of Kaempferol.

	 Conclusions:	 IQGAP3 may be a potential target gene for Kaempferol in the treatment of BC, and upregulation of IQGAP3 in-
hibits Kaempferol-induced apoptosis in BC cells by ERK1/2 signaling activation. Targeting IQGAP3 may contrib-
ute to the study of natural phytochemicals as anti-tumor drugs in BC.
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Background

Breast cancer (BC) affects glandular breast tissue and is the 
most common cancer in women, with high prevalence and 
heterogeneity [1,2]. Since the late 1970s, the incidence of BC 
worldwide has been on the rise. Most patients diagnosed with 
BC at the early stage can be treated with surgery, but this does 
not guarantee prevention of metastasis [3,4]. Chemotherapy 
is also used to treat BC [5]. Flavonoids, a class of natural 
polyphenolic compounds, have a variety of biological prop-
erties, including anti-carcinogenic effects [6,7]. For example, 
Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzo-
pyran-4-one), a flavonoid found in plants, is reported to inhibit 
proliferation and induce apoptosis in many cancers, including 
BC [8–10]. Despite the advances in BC therapies, the mortali-
ty rates remain high due to the failure to prevent recurrence.

The IQ motif containing GTPase-activating protein 3 (IQGAP3), 
along with IQGAP1 and IQGAP2, are 3 members of the IQGAP 
family, which is highly conserved in organisms [11,12]. Studies 
have revealed that IQGAP1 is overexpressed in human can-
cers [13,14] and is involved in enhanced tumor proliferation 
and invasion in various cancers, including BC [15]. IQGAP2, 
when coupled with Wnt/b-catenin pathway activation, appears 
to be a tumor suppressor [16]. IQGAP3 is only found in prolif-
erating cells [17], and IQGAP3 is a recently discovered effec-
tor of Rac1 and Cdc42, which are members of the Rho family 
of GTPases [18]. Rac1 and Cdc42 are reported to control var-
ious cellular processes like cell migration through their effec-
tors [18]. Silencing of IQGAP3 in pancreatic cancer cells signifi-
cantly induces cell apoptosis [19]. In addition, downregulation 
of IQGAP3 can suppress cell proliferation and invasion in BC 
cells [20]. However, its role in Kaempferol-induced apoptosis 
of BC cells and its underlying mechanisms are unclear.

In the present study, we found that natural phytochemicals, 
especially Kaempferol, decreased IQGAP3 expression in BC 
cells (ZR-75-30 and BT474). BC cell proliferation was inhib-
ited by Kaempferol (10, 25, 50, and 100 µmol/l), whereas 
apoptosis was promoted. Upregulation of IQGAP3 suppressed 
apoptosis in BC cells, which was counteracted by Kaempferol, 
and epidermal growth factor (EGF) inhibited the induction of 
Kaempferol. In addition, extracellular signal-regulated kinases 
1/2 (ERK1/2) inhibitor PD98059 had an effect similar to that 
of Kaempferol. Our results suggest that IQGAP3 is a potential 
target gene for Kaempferol in the treatment of BC, which may 
involve ERK1/2 signaling.

Material and Methods

Cell culture

Two human BC cell lines, ZR-75-30 and BT474, were pur-
chased from the Cell Bank of the Chinese Academy of Science 
(Shanghai, China). The cells were placed in a 37°C, 5% CO2 
incubator (Thermo, Thermo Forma 3111, USA) and cultured 
with RPMI-1640 medium (HyClone, SH30809.01B, USA) sup-
plement with 10% fetal bovine serum (GIBCO, USA) and 1% 
antibiotic (penicillin and streptomycin, Solarbio, P1400-100, 
Beijing, China). The medium was refreshed every 2 days dur-
ing incubation.

Construction of the lentivirus

According to the experimental needs, pLVX-Puro construct, 
the overexpression of lentivirus, was selected. The coding 
DNA sequence (CDS) region of IQGAP3 (AY253300.1), with a 
full length of 4896 bp, containing restriction sites of EcoR I 
and BamH I, was synthesized by Genewiz Company (Shanghai, 
China) and then inserted into EcoR I/BamH I restriction sites 
of a pLVX-Puro plasmid (Clontech). Primer sequences were 
as follows (underlined for restriction sites): IQGAP3-Forward: 
5’-CGGAATTCATGGAGAGGAGAGCAGC-3’ (EcoR I), IQGAP3-
Reverse: 5’-CGGGATCCTCACTTCCGCAAAAACTTC-3’ (BamH I). 
After DNA sequencing (Majorbio, Shanghai, China), the se-
quencing results were compared with the IQGAP3 sequence 
in NCBI, and the plasmid retention liquid with a ratio of 100% 
was retained. After the extraction of pLVX-Puro-IQGAP3, pLVX-
Puro, psPAX2, and pMD2G (Addgen, USA), and cell resuscita-
tion and subculture of 293T, pLVX-Puro-IQGAP3 (1000 ng) or 
pLVX-Puro (1000 ng) was co-transfected into 293T cells with 
viral packaging plasmids psPAX2 (100 ng) and pMD2G (900 ng) 
using Lipofectamine 2000 (Invitrogen, USA) according to the 
manufacturer’s instructions. The virus particles in the cultured 
medium were collected after 48-h transfection.

Experimental grouping

ZR-75-30 and BT474 cells were respectively divided into 
groups infected with the lentiviruses of IQGAP3 overexpres-
sion (IQGAP3) and negative control (Vector), respectively, with 
RPMI-1640 medium-treated cells as control. After 48 h of trans-
fection, the expression of IQGAP3 in ZR-75-30 and BT474 cells 
was detected by real-time PCR and Western blot analysis.

To further investigate the interaction between Kaempferol 
and IQGAP3, as well as the potential underlying mecha-
nism, ZR-75-30 and BT474 cells were divided into groups 
treated with Vector+DMSO, IQGAP3+DMSO, 20 µM PD98059 
(ERK inhibitor, Selleck, S1177; solvent: DMSO), Vector+25 
µmol/l Kaempferol (Source Leaf Biotechnology Co., B21126, 
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Shanghai, China; solvent: DMSO), IQGAP3+25 µmol/l 
Kaempferol, Vector+25 µmol/l Kaempferol+100 ng/ml EGF 
(R&D, 236-EG, USA; solvent: PBS), or IQGAP3+25 µmol/l 
Kaempferol+100 ng/ml EGF. Cell apoptosis and Western blot 
assays were performed after 48 h of treatment.

Real-time polymerase chain reaction (RT-PCR) assay

BC cells were treated with natural phytochemicals (solvents: 
DMSO or PBS) or IQGAP3 lentiviruses, and then the total RNA 
from these cells was extracted using Trizol reagent (Invitrogen, 
1596-026, USA). After quantification using a reverse transcrip-
tion kit (Fermentas, #K1622, USA), an aliquot of 1 µg RNA 
was reverse-transcribed into cDNA at 37°C for 30 min, 85˚C 
for 5 min, and 4°C for 5 min. Subsequently, cDNA was used 
as a template for RT-PCR reaction on a real-time PCR system 
(Applied Biosystems, ABI-7300, USA) using the SYBR Green 
PCR kit (Thermo Fisher Scientific, Inc., #K0223). The expres-
sion of IQGAP3 mRNA relative to GAPDH was analyzed by 2–DDCq 
method [21]. The primers used were:
IQGAP3, Forward: 5’-TATGGGATGCGATATGTG-3’,
Reverse: 5’-GGTTCAGGAAGCGGTAG-3’;
GAPDH: Forward: 5’-CACCCACTCCTCCACCTTTG-3’,
Reverse: 5’-CCACCACCCTGTTGCTGTAG-3’.
The RT-PCR procedures were: 95°C for 10 min (95°C for 15 s; 
60°C for 45 s)×40; 95°C for 15 s; 60°C for 1 min; 95°C for 15 s; 
and 60°C for 15 s [22].

Cell proliferation assay

The cell proliferation of BC cells was evaluated using the Cell 
Counting kit-8 (CCK-8). ZR-75-30 and BT474 cells in logarith-
mic growth phase were digested with 0.25% trypsin (Solarbio, 
T1300-100, Beijing, China) and then counted under a micro-
scope (Shanghai Caikang Optical Instrument Co., XDS-500C) 
to prepare 3×104 cells/ml of cell suspension. Each 100 µl/well 
of cell suspension was inoculated into 96-well culture plates 
and cultured overnight at 37°C in a 5% CO2 incubator. The next 
day, the cells were treated with 100 µl of gradient concen-
trations of Kaempferol (10, 25, 50, and 100 µmol/l). After 0, 
24, 48, and 72 h, 100 µl of CCK-8 solution (CCK-8: serum-free 
RPMI-1640 medium=1: 10, SAB Biotherapeutics, Inc., CP002) 
was added to incubate for 1 h. The optical density of the ab-
sorbance at 450 nm was evaluated at 0, 24, 48, and 72 h us-
ing a microplate reader (Perlong, DNM-9602, Beijing, China).

Cell apoptosis assay

Flow cytometry analysis (FCM) was applied to evaluate apopto-
sis in BC cells. Treated ZR-75-30 and BT474 cells were collect-
ed and Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) double staining (Beyotime, C1063) was performed. 
According to the manufacturer’s instructions, 5×105–1×106 

cells were resuspended in 195 µl Annexin V-FITC binding buf-
fer, followed by incubation in 5 µl Annexin V-FITC for 15 min 
at 4°C in the dark. Subsequently, the cells were incubated in 
5 µl PI for 5 min at 4°C in the dark. A tube without incubation 
of both Annexin V-FITC and PI was used as a control. The per-
centage of apoptotic ZR-75-30 and BT474 cells was evaluat-
ed on a flow cytometer using BD AccuriTM C6 software (Version 
1.0.264.21, BD Biosciences, USA).

Western blot analysis

The expression of apoptosis-related proteins was evaluated by 
Western blot analysis. Using RIPA buffer containing protease and 
phosphatase inhibitors (Solarbio, R0010, Beijing, China), the to-
tal proteins were extracted from treated ZR-75-30 and BT474 BC 
cells. After quantification with the BCA Kit (Thermo, PICPI23223), 
25 µg of proteins were separated using 10% SDS-polyacrylamide 
gels and then transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, HATF00010, USA). Subsequently, the mem-
branes were blocked with 5% skim milk (BD Biosciences, 
BYL40422) for 1 h, followed by incubation in primary antibodies 
against IQGAP3 (1: 1000, Abcam, Ab88353), ERK1/2 (1: 1000, 
Cell Signaling Technology [CST], #9102), p-ERK1/2 (1: 1000, CST, 
#9101), Bax (1: 1000, Abcam, Ab32503), Bcl2 (1: 1000, Abcam, 
Ab196495), and GAPDH (1: 2000, CST, #5174) overnight at 4°C. 
The next day, at room temperature, the second antibodies la-
beled with HRP (1: 1000, Beyotime, Shanghai) goat anti-rabbit 
(A0208) and goat anti-mouse (A0216) antibodies were used to 
incubate the membranes for 2 h. The blots were developed by 
5-min incubation with chemiluminescent reagent (Millipore, 
WBKLS0100), and then visualized on an ECL imaging system 
(Tanon, Tanon-5200, Shanghai). The protein expression, normal-
ized to GAPDH, was analyzed and calculated by version 1.47v 
Image J software (Bethesda, MD, USA).

Statistical analysis

Statistical significance in the present study was analyzed using 
GraphPad prism 7.0 software (GraphPad Software, Inc., La Jolla, 
CA, USA). One-way analysis of variance (ANOVA) with a post-test 
of Tukey’s multiple comparison was used to determine the signif-
icance among multiple comparisons. Experimental values are pre-
sented as mean ±SD with 3 independent experiments, and P val-
ue less than 0.05 indicated a statistically significant difference.

Results

Natural phytochemicals decreased the expression levels of 
IQGAP3 in BC cells

It is reported that natural phytochemicals such as Tanshinone IIA, 
Amygdalin, and Kaempferol can regulate cellular processes 
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in BC, such as cell growth and apoptosis [8,23,24]. In the pres-
ent study we treated ZR-75-30 cells with Ligustrazine (1 and 
2 mg/ml; injection: 4 mg/ml), Tanshinone IIA (10 and 20 µmol/l; 
solvent: DMSO), Amygdalin (50 and 100 µmol/l; solvent: DMSO), 
Succinic acid (25 and 50 µmol/l; solvent: PBS), Curcumin (25 and 
50 µmol/l; solvent: DMSO), or Kaempferol (25 and 50 µmol/l; 
solvent: DMSO), and then the expression of IQGAP3 in ZR-
75-30 cells was detected after 48-h treatment. As shown in 
Figure 1, we found that the expression of IQGAP3 in ZR-75-
30 cells was decreased by these natural phytochemicals and 
Kaempferol had a best effect. Therefore, due to its superior 
regulation effect, Kaempferol was selected for further study.

Kaempferol regulated cell proliferation and apoptosis in 
BC cells

In vitro, cultured ZR-75-30 and BT474 cells were treated with 
gradient concentrations of Kaempferol (10, 25, 50, 100 µmol/l), 
and the cell proliferation and apoptosis were evaluated. The 
results in Figure 2 show that Kaempferol significantly inhibit-
ed cell proliferation (Figure 2A, 2D) and promoted cell apopto-
sis (Figure 2B, 2E) in BC cells, concurrent with a significant de-
crease of IQGAP3 expression (Figure 2C, 2F). Importantly, as the 
concentration increased, the regulation effect of Kaempferol 
was increased, which is consistent with a previous observation 

that Kaempferol can induce apoptosis of BC cells [8]. These re-
sults indicated that Kaempferol could treat BC by promoting 
cell apoptosis by inhibiting IQGAP3 expression.

Upregulation of IQGAP3 expression in BC cells

Our previous study found that the expression of IQGAP3 in tu-
mor tissues of BC is much higher than in adjacent normal tis-
sues [19]. In the present study, to further investigate the role 
of IQGAP3 in BC, ZR-75-30 and BT474 cells were infected with 
IQGAP3 lentivirus. The results are shown in Figure 3. Both in 
ZR-75-30 (Figure 3A) and BT474 cells (Figure 3B), the levels 
of IQGAP3 mRNA (upper) and protein (lower) were markedly 
upregulated by IQGAP3 lentiviruses. Thus, the IQGAP3 lenti-
virus was used for follow-up experiments.

Kaempferol-induced apoptosis in BC cells was significantly 
suppressed by IQGAP3 upregulation

To explore the interaction between IQGAP3 and Kaempferol 
in BC cells, after treatment, the percentage of apoptotic ZR-
75-30 and BT474 cells was evaluated. Data in Figure 4 show 
that upregulation of IQGAP3 inhibited apoptosis in BC cells 
and significantly suppressed Kaempferol-induced apoptosis. 
Furthermore, similar to IQGAP3 upregulation, treatment with 
EGF also markedly inhibited Kaempferol-induced apoptosis in 
BC cells, and PD98059, an inhibitor of ERK, had a similar effect 
to that of Kaempferol. EGF is a growth factor that can promote 
the proliferation and differentiation of cells, thereby replac-
ing aging and dead cells with new cells. These results further 
show that Kaempferol-induced apoptosis in BC cells may oc-
cur by inhibiting the expression of IQGAP3, which may further 
involve the ERK signaling pathway.

IQGAP3 inhibited Kaempferol-induced apoptosis in BC cells 
by activation of ERK signaling pathway

The mechanism underlying the anti-apoptotic effect of IQGAP3 
on BC cells was further investigated in this study. Studies have 
reported that B cell lymphoma 2 (Bcl2) is an antiapoptotic pro-
tein in cancers, whereas Bcl-2-associated X protein (Bax) has 
a proapoptotic effect, and the ratio of Bax to Bcl-2 is used to 
determine whether the cells are committed to apoptosis or 
not [25,26]. As shown in Figure 5, the expression of p-ERK1/2 
and Bcl2 in BC cells was significantly increased by IQGAP3 up-
regulation, whereas Bax was decreased, and Kaempferol had 
an opposite effect to that of IQGAP3. Furthermore, the effect 
of Kaempferol on the expression of p-ERK1/2, Bax, and Bcl2 
was counteracted by IQGAP3. Similar to IQGAP3 upregula-
tion, EGF treatment also increased p-ERK1/2 and Bcl2 and de-
creased Bax, which was consistent with previous findings that 
ERK1 and 2 are preferentially activated in response to growth 
factors [27,28]. In addition, the ERK inhibitor PD98059 had a 
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Figure 1. �Natural phytochemicals decreased the expression 
levels of IQGAP3 in breast cancer cells. ZR-75-30 cells 
were divided into groups treated with Ligustrazine 
(1 and 2 mg/ml), Tanshinone IIA (10 and 20 µmol/l), 
Amygdalin (50 and 100 µmol/l), Succinic acid (25 
and 50 µmol/l), Curcumin (25 and 50 µmol/l), 
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treatment, the expression of IQGAP3 in ZR-75-30 
cells was detected. Concentrations of DMSO in each 
experimental group were the same as in the DMSO 
group. Data are shown as mean ±SD (n=3), * P<0.05, 
** P<0.01 and *** P<0.001 compared to DMSO.
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Figure 2. �Kaempferol regulates the cell proliferation and apoptosis in breast cancer cells. In vitro, cultured ZR-75-30 and BT474 cells 
were divided into groups treated with gradient concentrations of Kaempferol (10, 25, 50, and 100 µmol/l). (A, D) The cell 
proliferation of ZR-75-30 (A) and BT474 (D) cells were evaluated at 0, 24, 48, and 72 h by CCK-8. (B, E) The percentage of 
apoptotic ZR-75-30 (B) and BT474 (E) cells was evaluated after 48-h treatment. (C, F) The protein expression of IQGAP3 in 
ZR-75-30 (C) and BT474 (F) cells was detected by Western blot. Concentrations of DMSO in each experimental group were 
similar to that in the DMSO group. All data are expressed as mean ±SD (n=3), ** P<0.01, *** P<0.001 and **** P<0.0001 
compared to DMSO.
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similar effect to that of Kaempferol. Our results suggest that 
upregulation of IQGAP3 inhibits Kaempferol-induced apopto-
sis in BC cells, probably through activation of the ERK signal-
ing pathway.

Discussion

As more and more natural phytochemicals are found to have 
anti-cancer effects, the application of natural phytochemicals 
in anti-tumor drugs development has become an important 
research field in recent years. For example, paclitaxel has al-
ready been used as an anti-cancer drug in clinical practice [29]. 
Flavonoids are reported to inhibit cell growth in multiple can-
cers, including breast and prostate cancer [30]. Our previous 
study showed that, compared to other BC cell lines, IQGAP3 
has a higher expression level in ZR-75-30 and BT474 cells [31]. 
Thus, ZR-75-30 and BT474, 2 specific BC cell lines, were cho-
sen as a model system for use in the present study. This study 

demonstrated that IQGAP3 can inhibit Kaempferol-induced 
apoptosis in BC cells (ZR-75-30 and BT474) by activating the 
ERK1/2 signaling pathway.

IQGAP3 is a newly discovered IQGAP and has been found to 
be overexpressed in BC tissues in our previous studies [20,32]. 
In the present study, we found that the high expression of 
IQGAP3 in BC cells was significantly reduced by natural phyto-
chemicals, especially Kaempferol. Kaempferol is a flavonoid and 
functions in many cancers by regulating cell proliferation and 
apoptosis [9,10], which is consistent with our results showing 
that Kaempferol significantly inhibits cell proliferation and pro-
motes apoptosis in BC cells, accompanied with markedly de-
creased IQGAP3 expression. Our results suggest that IQGAP3 
is a target gene of Kaempferol in BC. In our study, upregula-
tion of IQGAP3 inhibited apoptosis of BC cells, accompanied 
with increased p-ERK1/2 and Bcl2 expression and decreased 
Bax expression, and Kaempferol counteracted the effect of 
IQGAP3 upregulation. ERK1/2, one of the most extensively 
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Figure 3. �Upregulation of IQGAP3 expression in breast cancer cells. In vitro, cultured ZR-75-30 and BT474 cells were infected with 
lentiviruses of IQGAP3/Vector for 48 h, with medium-treated cells as control. (A) The levels of IQGAP3 mRNA (upper) and 
protein (lower) in ZR-75-30 cells were detected by RT-PCR and Western blot, respectively. (B) The expression of IQGAP3 in 
BT474 cells was also detected. All data are shown as mean ±SD (n=3), *** P<0.001 and **** P<0.0001 compared to Vector.

7671
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Hu G. et al.: 
IQGAP3 inhibits Kaempferol-induced apoptosis in breast cancer cells…
© Med Sci Monit, 2019; 25: 7666-7674

MEDICAL BIOCHEMISTRY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



103 104 105 106 107.2

Vector+DMSOGata: P1

FL
2-

A

Q1-UL
0.3%

105.7

105

104

103

102

101

Q1-LL
97.0%

Q1-UR
1.5%

Q1-LR
1.1%

FL1-A

103 104 105 106 107.2

IQGAP3+KaempferolGata: P1

FL
2-

A

Q1-UL
1.1%

105.7

105

104

103

102

101

Q1-LL
92.6%

Q1-UR
2.7%

Q1-LR
3.6%

FL1-A

103 104 105 106 107.2

IQGAP3+DMSOGata: P1

FL
2-

A

Q1-UL
0.0%

105.7

105

104

103

102

101

Q1-LL
99.3%

Q1-UR
0.0%

Q1-LR
0.7%

FL1-A

103 104 105 106 107.2

Vector+Kaempferol+EGFGata: P1

FL
2-

A

Q1-UL
1.1%

105.7

105

104

103

102

101

Q1-LL
95.8%

Q1-UR
1.3%

Q1-LR
1.8%

FL1-A

103 104 105 106 107.2

PD98059Gata: P1

FL
2-

A

Q1-UL
5.6%

105.7

105

104

103

102

101

Q1-LL
46.1%

Q1-UR
23.7%

Q1-LR
24.6%

FL1-A
103 104 105 106 107.2

Vector+KaempferolGata: P1

FL
2-

A

Q1-UL
5.6%

105.7

105

104

103

102

101

Q1-LL
46.1%

Q1-UR
23.7%

Q1-LR
24.6%

FL1-A

103 104 105 106 107.2

IQGAP3+Kaempferol+EGFGata: P1

FL
2-

A

Q1-UL
0.5%

105.7

105

104

103

102

101

Q1-LL
97.4%

Q1-UR
1.0%

Q1-LR
1.1%

FL1-A

102.7 104 105 106 106.4

Vector+DMSOGata: P1

FL
2-

A

Q1-UL
0.2%

105.4

104

103

102

101

105.4

104

103

102

101

Q1-LL
97.0%

Q1-UR
0.8%

Q1-LR
2.0%

FL1-A

102.7 104 105 106 106.4

IQGAP3+KaempferolGata: P1

FL
2-

A

Q1-UL
0.4%

Q1-LL
92.8%

Q1-UR
0.4%

Q1-LR
6.4%

FL1-A

102.7 104 105 106 106.4

IQGAP3+DMSOGata: P1

FL
2-

A

Q1-UL
0.0%

105.4

104

103

102

101

Q1-LL
99.0%

Q1-UR
0.0%

Q1-LR
0.9%

FL1-A

102.7 104 105 106 106.4

Vector+Kaempferol+EGFGata: P1

FL
2-

A

Q1-UL
0.4%

105.4

104

103

102

101

Q1-LL
95.2%

Q1-UR
0.2%

Q1-LR
4.2%

FL1-A

102.7 104 105 106 106.4

PD98059Gata: P1

FL
2-

A

Q1-UL
6.5%

105.4

104

103

102

101

Q1-LL
47.9%

Q1-UR
21.2%

Q1-LR
24.4%

FL1-A
102.7 104 105 106 106.4

Vector+KaempferolGata: P1

FL
2-

A

Q1-UL
3.4%

105.4

104

103

102

101

Q1-LL
72.7%

Q1-UR
10.6%

Q1-LR
13.4%

FL1-A

102.7 104 105 106 106.4

IQGAP3+Kaempferol+EGFGata: P1

FL
2-

A

Q1-UL
0.2%

105.4

104

103

102

101

Q1-LL
97.2%

Q1-UR
0.1%

Q1-LR
2.5%

FL1-A

Vecto
r+

DMSO

IQGAP3+DMSO

PD98059

Vecto
r+

Kaempferol

IQGAP3+Kaempferol

&&&

****

****

*

Vecto
r+

Kaempferol+EGF

&&&&

IQGAP3+Kaempferol+EGF

Vecto
r+

DMSO

IQGAP3+DMSO

PD98059

Vecto
r+

Kaempferol

IQGAP3+Kaempferol

Vecto
r+

Kaempferol+EGF

IQGAP3+Kaempferol+EGF

###

&&&&
&&&&

###

30

20

10

0

Pe
rce

nt
ag

e o
f a

po
pt

ot
ic 

ZR
-7

5-
30

 ce
lls

****

****

**

30

20

10

0

Pe
rce

nt
ag

e o
f a

po
pt

ot
ic 

BT
47

4 c
ell

s

A

B

Figure 4. �Kaempferol-induced apoptosis in breast cancer cells was significantly suppressed by IQGAP3 upregulation ZR-75-30 
and BT474 cells were divided into groups treated with Vector+DMSO, IQGAP3+DMSO, 20 µM PD98059 (ERK inhibitor), 
Vector+25 µmol/l Kaempferol, IQGAP3+25 µmol/l Kaempferol, Vector+25 µmol/l Kaempferol+100 ng/ml EGF, or 
IQGAP3+25 µmol/l Kaempferol+100 ng/ml EGF. (A, B) The percentage of apoptotic ZR-75-30 (A) and BT474 (B) cells was 
evaluated 48 after treatment. Concentrations of DMSO experimental groups were the same as in the DMSO group. Data 
are presented as mean ±SD (n=3), * P<0.05, ** P<0.01 and **** P<0.0001 compared to Vector & DMSO, &&& P<0.001 and 
&&&& P<0.0001 compared to Vector+Kaempferol, ### P<0.001 compared to IQGAP3+Kaempferol.
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Figure 5. �IQGAP3 inhibited Kaempferol-induced apoptosis in breast cancer cells via activation of ERK signaling pathway. In vitro, 
cultured ZR-75-30 and BT474 cells were divided into groups treated with Vector, IQGAP3, 20 µM PD98059 (ERK 
inhibitor), Vector+25 µmol/l Kaempferol, IQGAP3+25 µmol/l Kaempferol, Vector+25 µmol/l Kaempferol+100 ng/ml EGF, 
or IQGAP3+25 µmol/l Kaempferol+100 ng/ml EGF. (A, B) The expression of ERK1/2, p-ERK1/2, Bax, and Bcl-2 proteins in 
ZR-75-30 (A) and BT474 (B) cells was detected by Western blot at 48 h after treatment. Concentrations of DMSO in each 
experimental group were the same as in the DMSO group. Data are expressed as mean ±SD (n=3), ** P<0.01 and *** P<0.001 
compared to Vector, && P<0.01 and &&& P<0.001 compared to Vector+Kaempferol, ## P<0.01 and ### P<0.001 compared to 
IQGAP3+Kaempferol.

studied groups of MAPKs, is a major determinant in diverse 
cellular processes, including apoptosis, proliferation, and sur-
vival [33,34], and has been observed to be associated with 
BC [35]. It has been reported that Kaempferol-induced apop-
tosis of BC cells involves sustained activation of ERK signal-
ing [8], and IQGAP3 is reported to regulate cell proliferation by 
mediating Ras-dependent ERK signaling [17]. Thereby, we hy-
pothesized that upregulation of IQGAP3 inhibits Kaempferol-
induced apoptosis in BC cells, probably through activating the 
ERK1/2 signaling pathway. This hypothesis is further support-
ed by the observations that PD98059, an inhibitor of ERK1/2, 
also markedly induces apoptosis in BC cells, similar to the ef-
fect of Kaempferol. In addition, EGF treatment had an inhibi-
tory effect on Kaempferol-induced apoptosis, suggesting that 

Kaempferol-induced BC cell apoptosis may be correlated to 
its cell proliferation.

Conclusions

In this study, we demonstrated that IQGAP3 is a potential tar-
get gene for Kaempferol in the treatment of BC, and IQGAP3 
may inhibit Kaempferol-induced apoptosis in BC cells through 
activating the ERK1/2 signaling pathway. Targeting IQGAP3 is 
a potential novel therapeutic method for BC, and may con-
tribute to the study of natural phytochemicals as anti-tumor 
drugs in BC.
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