
Oncology Research, Vol. 24, pp. 455–461 0965-0407/16 $90.00 + .00
Printed in the USA. All rights reserved. DOI: http://dx.doi.org/10.3727/096504016X14685034103635
Copyright Ó 2016 Cognizant, LLC. E-ISSN 1555-3906
 www.cognizantcommunication.com

1These authors provided equal contribution to this work.
Address correspondence to Ming Wang, Department of General Surgery, Shanghai Traditional Chinese Medicine-Integrated Hospital,  
No. 184 Baoding Road, Hongkou District, Shanghai, 200082, P.R. China. Tel: +86-13501844713; E-mail: mingwang211@163.com or  
Chunying Zhao, Department of Breast Surgery, Shuguang Hospital Affiliated with Shanghai University of Traditional Chinese Medicine,  
No. 528 Zhangheng Road, Pudong New Area, Shanghai, 201203, P.R. China. Tel: +86-18017262879; E-mail: cyzhao59@163.com

455

RNA Interference of IQ Motif Containing GTPase-Activating Protein 3 
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Breast cancer is a highly prevalent disease affecting women. The association of IQ motif containing GTPase-
activating protein 3 (IQGAP3) and breast cancer is poorly defined. Here we reported that IQGAP3 is a key 
regulator of cell proliferation and metastasis during breast cancer progression. The expression of IQGAP3 
was significantly increased in breast tissues compared to nontumor tissues at both protein and mRNA levels. 
Furthermore, IQGAP3 had a high expression level in ZR-75-30 and BT474 compared to other breast cancer 
cell lines. Depletion of IQGAP3 through RNA interference in ZR-75-30 and BT474 significantly inhib-
ited cell proliferation. More importantly, IQGAP3 silencing in breast cancer cells notably repressed cell 
migration and invasion. Further analysis suggested that inhibition of cell proliferation and metastasis was 
associated with some proteins, including p53, MMP9, Snail, CDC42, p-ERK1/2, KIF2C, KIF4A, PCNA, 
and Twist. Since expression of IQGAP3 seems to be associated with the pathogenesis of breast cancer and 
suppression of it can inhibit cancer cell growth and metastasis, IQGAP3 may be a potential therapeutic target 
in human breast cancer.
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INTRODUCTION

Breast cancer is a highly prevalent and heterogeneous 
disease affecting women. Because of high incidence rates 
and high death rates, breast cancer is a difficult problem 
and needs to be solved (1). The primary modality for 
breast cancer therapy remains surgery and radiotherapy. 
Chemotherapy, hormone therapy, and biologic therapy 
are additional available therapeutic methods in the clinic 
at present (2). Despite recent progress in breast tumor 
therapy, breast cancer remains one of the leading causes 
of cancer. Current therapies fall short of treating breast 
cancer, and they fail to prevent recurrence, underpinning 
the high mortality rate of breast cancer. In this context, 
gene therapy might prove a useful substitute for conven-
tional treatment modalities. Recent advances in molecu-
lar technologies have facilitated genes that could serve 
as novel targets for cancer. The small interfering RNA 
(siRNA) is used to determine whether proteins are over-
expressed and are potential targets for therapy.

The IQ motif containing GTPase-activating protein 
(IQGAP) family of proteins is well conserved in organ-
isms from yeast to mammals (3). It comprises three mem-
bers: IQGAP1, IQGAP2, and IQGAP3 (4). The function 
of IQGAPs can be corrupted during oncogenesis and is 
usurped by microbial pathogens (5). IQGAP1 has been 
suggested to function in the regulation of the actin cytoskel-
eton and cell migration (6,7). IQGAP2 seems to act as a 
tumor suppressor when coupled to the activation of the 
Wnt/b-catenin signaling pathway (8). IQGAP3, an effector 
of Rac1 and Cdc42, is a new member to this family (9). In 
cultured Eph4 mouse epithelial cells, IQGAP3 was found 
at cell–cell junctions, and IQGAP3 expression is reported 
to be confined to proliferating cells (10). However, its role 
in tumorigenesis remains to be determined.

In the present study, we demonstrate that IQGAP3 is 
highly overexpressed in breast cancer. In addition, we pro-
vide evidence that silencing IQGAP3 expression decreases 
the proliferation, migration, and invasion potential of breast 
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cancer cell lines in vitro. On the basis of the results of 
this study, we conclude that IQGAP3 may be a potential 
novel target for breast cancer therapy.

MATERIALS AND METHODS

Tissue Samples Cell Culture

Tissue specimens were obtained from breast cancer 
patients undergoing surgical therapy in the Department of 
General Surgery, Shanghai Traditional Chinese Medicine-
Integrated Hospital. Normal breast tissue specimens were 
also obtained from patients. IQGAP3 expression in the tis-
sues was evaluated by Western blot and RT-PCR analysis.

The human breast cancer cell lines ZR-75-1, MCF-7, 
ZR-75-30, MDA-MB-231, BT474, and SK-BR-3 were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA) and cultured in DMEM 
supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin, and 100 μg/ml streptomycin. All cells were 
maintained at 37°C in 5% CO2 atmosphere.

Silencing of IQGAP by Small Interfering RNA

The siRNA targeting position 5¢-CAGCUGUGGUCC 
UGAUUAA-3¢ of human IQGAP mRNA was synthesized. 

A nonspecific scramble siRNA was used as negative con-
trol (NC). The siRNAs were transiently transfected into 
cells using Lipofectamine 2000 (Invitrogen) according to 
the manufacturer’s instruction. Assays were performed 
48 h after transfection.

CCK-8 Assay

Cell proliferation was measured using Cell Counting 
Kit-8 (CCK-8) (Dojindo, Japan) according to the man-
ufacturer’s protocol. Briefly, treated and untreated 
cells were seeded into 96-well plates at a density of 
5 × 103 cells in 200 μl of medium per well. At the indi-
cated time point (0, 24, 48, and 72 h), the CCK-8 solu-
tion was added to each well and incubated for 1 h. The 
absorbance rate at 450 nm was read using a microplate 
reader (Bio-Rad Laboratories). All experiments were 
performed in triplicate and repeated at least three 
times.

Migration and Invasion Assay

Cell migration and invasion assays were performed 
using 12-well Boyden chambers containing polycarbon-
ate filters with a pore size of 8 μm. For Transwell migra-
tion assay, treated and untreated cells were serum starved 

Figure 1. Overexpressed IQGAP3 in breast cancer. (A) The protein and mRNA levels in breast cancer and adjacent tissues. (B) Western 
blot and RT-PCR were used to choose the highly expressed IQGAP3 cells in breast cancer cells.
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for 24 h. Cells (5 × 104) were plated into the upper well of 
the Boyden chambers with serum-free medium in the top 
chamber and medium containing 10% FBS in the lower 
chamber. After 24 h of incubation, cells on the top of the 
membrane were removed. Cells that migrated to the bot-
tom surface of the membrane were washed with PBS, 
fixed in 4% paraformaldehyde, and stained with 0.2% 
crystal violet. The migrated cells were observed under a 
Leica inverted microscope. Cell number was counted in 
10 random fields for each condition.

For in vitro invasion assay, the upper well of the 
Boyden chamber was coated with 10 mg/ml Matrigel 
(BD Biosciences). The Matrigel was allowed to harden at 
37°C in a 5% CO2 incubator for 1 h. The rest of the assay 
was performed as described above.

Real-Time PCR

Total RNA was isolated from fresh tissue or cell 
using TRIzol reagent (Life Technologies), and an ali-
quot of 1 μg of total RNA was reverse transcripted 
using a SuperScript II (Life Technologies) reverse tran-
scriptase. qRT-PCR was performed using a StepOnePlus 
Real-Time PCR System (Applied Biosystems, Foster  
City, CA, USA) with SYBR Green Master Mix. The 
primers used are listed below: IQGAP3, 5¢-GCAGAA 

TGTTGCCTATCAG-3¢ (forward) and 5¢-CGGAAATG 
TAAGCCAGTTG-3¢ (reverse); GADPH, 5¢-CACCCA 
CTCCTCCACCTTTG-3¢ (forward) and 5¢-CCACCAC 
CCTGTTGCTGTAG-3¢ (reverse).

Western Blot Analysis

For Western blot analysis, protein from each sample of 
fresh tissue or cells was lysed in lysis buffer. Equal amounts 
of protein were separated via gel electrophoresis, trans-
ferred onto a nitrocellulose membrane, and blotted with 
primary antibodies. The incubation antibodies include 
IQGAP3 (Ab88353; Abcam), Twist (Ab175430; Abcam), 
Snail (#3879s; Cell Signaling Technology), KIF2C 
(Ab205026; Abcam), KIF4A (Ab3815; Abcam), CDC42 
(Ab155940; Abcam), proliferating cell nuclear antigen 
PCNA; #13110; Cell Signaling Tech nology), p53 (#9282; 
Cell Signaling Technology), matrix metallopeptidase 9 
(MMP9) (Ab119906; Abcam), ERK1/2 (#4695; Cell Sig-
naling Technology), p-ERK1/2 (#4376; Cell Signaling 
Technology), and glyceraldehyde 3-phosphate dehydro-
genase GADPH; #5174; Cell Sig naling Technology). 
Blots were then incubated with goat anti-mouse second-
ary antibody (cat. #A0208; Beyotime) or goat anti-rabbit 
secondary antibody (cat. #A0216; Beyotime). GADPH 
served as a loading control. Values under each blot are 

Figure 2. Effects of IQGAP3 siRNA on cell viability in breast cancer cells. (A) Expression of IQGAP3 and cell viability of ZR-75-30 
were analyzed after siRNA transfection. (B) After siRNA IQGAP3 transfection, IQGAP3 expression and cell viability of BT474 cells 
were analyzed after siRNA transfection. **p < 0.01 compared to the Control group.
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shown as the ratios of target protein/GADPH and repre-
sent the mean of three independent assays.

Statistical Analysis

Experimental values are expressed as mean ± standard 
deviation (SD) of the mean if not otherwise indicated. 
Statistical significance was analyzed using GraphPad 
Prism 5.0 software (GraphPad, La Jolla, CA, USA) and 
determined by unpaired Student’s t-tests and one-way 
analysis of variance. A value of p < 0.05 was considered 
significant. All results were reproduced in at least three 
independent experiments.

RESULTS

IQGAP3 Was Highly Expressed in Breast Cancer

Western blot and RT-PCR were performed to verify 
IQGAP3 expression in breast tumor tissues. IQGAP3 was 

upregulated at the protein and mRNA levels in 35 breast 
cancer tissues compared to adjacent nontumor tissues 
(Fig. 1A). We then examined the mRNA and protein levels  
of IQGAP3 in six breast cancer cell lines—ZR-75-1, 
MCF-7, ZR-75-30, MDA-MB-231, BT474, and SK-BR-
3—by Western blot and RT- PCR, respectively. Protein 
and mRNA levels of IQGAP3 were higher in ZR-75-30 
and BT474 cells than in other four cell lines (Fig. 1B). The 
two cell lines were then selected for the following assays.

shIQGAP3 Inhibited Breast Cancer Cell Proliferation

To inhibit IQGAP3 expression in ZR-75-30 and 
BT474 breast cancer cells, cells were transfected with 
shIQGAP3 lentivirus. Protein and mRNA expression of 
IQGAP3 was detected following 48 h of incubation. As 
shown in Figure 2A and B, two cell lines were success-
fully transfected with shIQGAP3 lentivirus, and protein 
and mRNA expression was obviously decreased.

Figure 3. Effects of IQGAP3 siRNA on the migration and invasion of breast cancer cells. (A) The migration ability of ZR-75-30 and 
BT474 cells was identified after siRNA IQGAP3 transfection. (B) The invasion ability of ZR-75-30 and BT474 cells was identified 
after siRNA IQGAP3 transfection. **p < 0.01 compared to the Control group.
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To investigate the function of IQGAP3 knockdown 
in breast cancer, we analyzed cell growth in cancer 
cell lines (Fig. 2A and B). When cells were transfected 
with shIQGAP3, cell proliferation was significantly 
depressed in ZR-75-30 and BT474 cells compared to 
the control group.

shIQGAP3 Decreased Cell Migration and Invasion 
in Breast Cancer Cells

We attempted to investigate the ability of IQGAP3 
siRNA treatment to affect cell migration and invasion. 
Cell migration and invasion studies were performed 
using the Matrigel matrix assays. Following treatment 
with shIQGAP3, the results showed that IQGAP3 siRNA 
treatment resulted in a dramatic inhibition of the migra-
tion and invasion capacity of ZR-75-30 and BT474 cells 
when compared to the control group (Fig. 3A and B).

shIQGAP3 Related to Some Proteins  
in Breast Cancer Cells

We detected the expression of proteins using Western 
blot. IQGAP3 siRNA significantly upregulated p53 pro-
tein level (Fig. 4B) and remarkably decreased the levels of 
MMP9, Snail, CDC42, Twist (Fig. 4A), PCNA (Fig. 4B), 
p-ERK1/2 (Fig. 4C), KIF2C, and KIF4A (Fig. 4D). These 
data indicated that IQGAP3 siRNA inhibited cell prolif-
eration and metastasis via regulating these proteins.

DISCUSSION

Breast cancer remains the most common cancer among 
women, and the mortality of breast cancer is still high. 
Additional treatment methods are required to improve 
the cure of this disease. Recently, three members of 
the IQGAP family have been described (11). Here we 

Figure 4. Relative protein levels in ZR-75-30 and BT474 were analyzed by Western blot. (A) A representative data showed the related 
protein expression levels of MMP9, Snail, CDC42, and Twist in ZR-75-30 and BT474 cell lines. (B) Protein expression levels of p53 
and PCNA in ZR-75-30 and BT474 cell lines. (C) Protein expression levels of p-ERK1/2 and ERK1/2 in ZR-75-30 and BT474 cell lines. 
(D) Protein expression levels of KIF2C and KIF4A in ZR-75-30 and BT474 cell lines. **p < 0.01 compared to the Control group.
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demonstrated that IQGAP3 is highly expressed in a large 
proportion of breast cancer samples. While IQGAP3 
knockdown inhibited proliferation and metastasis of 
breast cancer cells, suppression of its expression caused a 
reduction in tumorigenic potential.

IQGAP3, located at 1q21.3, has been reported to be 
linked with gastroesophageal carcinoma and infiltrat-
ing ductal carcinoma of the breast (12,13). In the pres-
ent study, we reported that IQGAP3 protein and mRNA 
expression were elevated in breast cancer tissues com-
pared to nontumor breast tissues. We then investigated the 
function of IQGAP3 on breast cancer by knocking down 
its expression in two breast cancer cell lines: ZR-75-30 
and BT474. We found that knockdown of IQGAP3 in 
breast cancer cells significantly impaired cell prolifera-
tion. Migration and invasion are the essential processes 
toward the metastasis of cancer. Depletion of IQGAP3 
in breast cancer cells remarkably decreased their migra-
tion and invasion abilities, which suggested a role for 
IQGAP3 in breast cancer metastasis.

The mechanism by which IQGAP3 enhances prolif-
eration and increases metastasis potential is still not fully 
understood. p53 is a tumor suppressor gene that can sup-
press the formation of tumors (14). MMP9 is a matrix 
that is involved in the degradation of extracellular matrix 
in normal physiological processes and is related to tumor 
metastasis (15). Snail and Twist genes may have a role 
in the recurrence of breast cancer by downregulating 
E-cadherin and inducing an epithelial-to-mesenchymal 
transition (16). CDC42 is a small GTPase of the Rho 
family, which regulates the signaling pathway that con-
trols functions, including cell migration, morphology, 
and cell cycle. Activated ERK1/2 regulates growth and 
cell cycle progression of cells (17). KIF2C acts to regu-
late microtubule dynamics in cells and move chromo-
somes during cell division. KIF4A encodes a member of 
the kinesin 4 subfamily of kinesin-related proteins and 
is involved in maintaining chromosome integrity during 
mitosis (18). Proliferating cell nuclear antigen (PCNA) is 
a DNA clamp, which is involved in DNA and DNA repair 
and interacts with DNA polymerase (19). Data from this 
study show that downregulation of IQGAP3 expression 
increases p53 expression and decreases MMP9, Snail, 
Twist, CDC42, p-ERK1/2, KIF2C, KIF4A, and PCNA. 
We believe that this is the mechanism responsible for 
the decrease in proliferation and invasion potential after 
IQGAP3 knockdown in breast cancer cells.

In summary, our study provides, for the first time, that 
IQGAP3 was overexpressed in breast cancer tissues. In 
addition, our data indicate that IQGAP3 plays a key role 
in the proliferation and metastasis of breast cancer cells. 
Whether IQGAP3 can be used as a therapeutic target for 
breast cancer remains to be further investigated.
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