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Background: Thyroid cancer is the most common endocrine malignant disease with a high
incidence rate. The expression of IQGAP1 is upregulated in various cancers, including thyroid
cancer. However, the role and underlying mechanism of IQGAP1 in thyroid cancer are still
not clear.

Materials and methods: The expression of IQGAP1 in thyroid cancer tissues and cells
was determined by reverse transcription polymerase chain reaction and Western blot analysis.
Cells were transfected with different siRNAs using Lipofectamine 2000 or were treated with
various concentrations of XAV939. The effects of IQGAP1 knockdown on proliferation and
epithelial-mesenchymal transition (EMT) of thyroid cancer cells were determined by MTT
assay and Western blot analysis. Animal experiments were performed to investigate the effects
of IQGAP1 knockdown on the growth of tumors in vivo.

Results: High IQGAP1 expression is found in thyroid cancer tissues and cells. Knockdown of
IQGAPI had inhibitory effects on cell proliferation and EMT, as well as on the Wnt/B-catenin
pathway. Additionally, inactivation of the Wnt/B-catenin pathway by XAV939 or si-B-catenin
suppressed cell proliferation and EMT. Furthermore, suppression of the Wnt/B-catenin path-
way reversed the positive effects of pcDNA-IQGAP1 on cell proliferation and EMT in vitro.
Moreover, downregulation of IQGAP1 suppressed tumor growth and EMT in SW579 tumor
xenografts through the Wnt/B-catenin pathway in vivo.

Conclusion: Our study demonstrated that knockdown of IQGAP1 inhibited cell proliferation
and EMT through blocking the Wnt/B-catenin pathway in thyroid cancer.

Keywords: IQGAPI1, thyroid cancer, proliferation, epithelial-mesenchymal transition,
Wnt/B-catenin

Introduction
Thyroid cancers are tumors of the thyroid gland relevant to the endocrine system, ~90%
of which are differentiated thyroid cancers, including papillary thyroid cancer (PTC)
and follicular thyroid cancer, and the incidence of which is currently on the rise.!
Thyroid cancers are usually induced by radiation exposure to form a nodule in the
anterior region of the neck.? Thyroid cancer prognosis is closely related to the progres-
sion of local primary tumors to late stage, finally spreading to various organs.* Thus, the
molecular mechanism of the epithelial-mesenchymal transition (EMT) phenomenon
in thyroid carcinoma still needs to be clarified.

EMT occurs in pre-metastatic cancer cells and was first confirmed as a feature of
embryogenesis and has also been found in the healing of wound, fibrosis of organ
and the occurrence of metastasis.* EMT is considered to play a vital role in the initial
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stage of metastatic progression in most carcinomas.’> During
EMT process, epithelial cells separate from the strong struc-
tural constraints and change their morphology from pebble
shape to fusiform fibroblast-like shape of mesenchymal
cells, thereby losing epithelial differentiation capacity and
enhancing the migration and invasion ability.®” Moreover,
the expressions of the EMT markers N-cadherin, E-cadherin
and Vimentin were altered accompanying with the change
in the cell phenotype.®

IQGAPs are evolutionary conserved multi-domain scaf-
fold proteins, including IQGAP1, IQGAP2 and IQGAP3.°
Among these, IQGAP1 has been proved to widely exist in
human tissues and participate in many cellular processes,
such as cell attachment, cell migration, extracellular signal-
ing and division of cytoplasm.!® 2 Previous studies indicated
that IQGAP1 promoted cell proliferation through interacting
with the MAP kinase and PI3K/Akt pathways in thyroid
cancer cells.* Moreover, IQGAP1 amplification was found
to be associated with invasiveness of thyroid cancer cells,
and coexistence of IQGAP1 copy-number gain and BRAF
V600E mutation was particularly associated with a high
tumor recurrence rate of 60% in PTC."

A recent study showed that downregulation of IQGAP1
in thyroid cancer cells repressed cell proliferation and
invasion.”” Another study has indicated that constitutive
activation of WNT/B-catenin pathway is often found in
human cancers, and the WNT/B-catenin pathway is involved
in cell growth, proliferation and stem cell differentiation.'®
Furthermore, it was also reported that the expression level
of B-catenin was upregulated in anaplastic thyroid cancer
compared with differentiated thyroid cancer.'” Therefore,
we speculated that the WNT/B-catenin pathway might have
a vital role in thyroid cancer.

Here, we detected the expression level of IQGAPI in
thyroid cancer tissues and cells and performed loss-of-
function study to clarify the role and underlying mecha-
nism of IQGAP1 in cell proliferation and EMT of human
thyroid cancer cells. Moreover, we observed the effects of
knockdown of IQGAP1 on the growth of tumor in vivo.

Materials and methods

Tissue acquisition

This study was performed with the approval of the ethics
committee of Huaihe Hospital of Henan University, and
informed consent was obtained from all patients with PTC
whose tissue specimens were used in this study. None
of the patients included suffered from other concurrent
malignancies or anaplastic or other poorly differentiated

follicular carcinomas of the thyroid or underwent any
treatment prior to surgery. Fresh-frozen biopsy tumor tissues
(n=35) and adjacent normal tissues (n=35) were obtained
from patients with PTC undergoing surgical resection at
Huaihe Hospital of Henan University. The samples were
stored at —70°C for further experiments.

Cell culture and transfection

Human thyroid squamous cell carcinoma cell line SW579,
human PTC cell line TPC-1 and human thyroid cell line
Nthy-ori 3-1 were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were
incubated in Roswell Park Memorial Institute (RPMI) 1640
medium (Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA,
USA) in an incubator with 5% CO, at 37°C. After 24 h, the
cells were transfected with si-IQGAPI1-1, si-IQGAP1-2,
si-B-catenin-1, si-B-catenin-2, pcDNA-IQGAP1, pcDNA-
IQGAP1 + si-B-catenin-1 and si-control using Lipofectamine
2000 (Invitrogen) in accordance with the manufacturer’s
instructions. All the siRNA sequences are listed as follows:
si-IQGAPI1-1, 5'-UGCCAUGGAUGAGAUUGGA-3’;
si-IQGAPI1-2, 5-UUAUCGCCCAGAAACAUCUU
GUUGG-3’; si-B-catenin-1, 5'-GAATGCCGTTCGC
CTTCATTA-3’; si-B-catenin-2, 5'-CACCTCCCAAGT
CCTTTAT-3" and si-control, 5-UUCUCCGAACGUGU
CACGU-3".

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

Total RNA from tissues and cells was extracted by TRIzol
reagent (Life Technologies, Gaithersburg, MD, USA) accord-
ing to the manufacturer’s instructions. The reverse transcrip-
tion reaction was performed using the ABI7500 system
(Applied Biosystems, Foster City, CA, USA) and QuantiTect
SYBR Green PCR Master Mix (Qiagen, Valencia, CA, USA)
following manufacturer’s instructions. All samples were
normalized to B-actin according to the 274 method.

Western blot analysis

The extracted total proteins from tissues and cells were quan-
tified by Pierce BCA Protein Assay Kit (Amersham, Little
Chalfont, UK). The protein specimens were then isolated by a
10% sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvinylidene fluoride
(PVDF) membranes (EMD Millipore, Billerica, MA, USA).
After blocking in Tris-buffered saline, 0.1% Tween 20 (TBST)
buftfer with 5% bovine serum albumin (BSA, Sigma-Aldrich,
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St Louis, MO, USA) for 2 h at room temperature, the mem-
branes were incubated with primary antibodies overnight
at 4°C. Following washing twice in TBST, the membranes
were further incubated with secondary antibody labeled with
HRP for 1 h at 37°C. The antibodies used in this study were
as follows: anti-IQGAP1 (1;1,000; Abcam, Cambridge, MA,
USA), E-cadherin (1;1,000; GeneTex, San Antonio, TX,
USA), N-cadherin (1;1,000; Abcam), Vimentin (1;1,000;
Sigma-Aldrich, St Louis, MO, USA), Twist1 (1:1,000; Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), B-catenin
(1:10,000; CST, Inc., Danvers, MA, USA), c-myc (1:10,000;
CST, Inc.), cyclin D1 (1:10,000; Abcam) and secondary
antibody peroxidase-conjugated anti-IgG (1:5,000; Abcam).
The signals and intensities of the proteins of interest were
determined by a chemiluminescent detection system (Pierce
ECL Substrate Western blot detection system; Thermo Fisher
Scientific, Pittsburgh, PA, USA) and Quantity One 4.5.0
software (Bio-Rad Laboratories Inc., Hercules, CA, USA).
All experiments were repeated three times.

MTT assay

Cells were plated in 96-well plates (Corning Costar, Corning,
NY, USA) at 2x10° cells/well in 200 uL of RPMI 1640
medium and incubated for 24 h. At 48 h after transfection,
10 uL of MTT solution (Sigma-Aldrich) was added to the
plated cells, and incubation was continued for a further 4 h
at 37°C. After dissolving intracellular formazan crystals
by the addition of 100 UL of dimethyl sulfoxide (DMSO;
Sigma-Aldrich) to each well, the absorbance at 490 nm
was measured using an Emax precision microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

Xenograft tumor nude mice model

All animal experiments were approved by the Ministry of
Science and Technology of China and the committee on exper-
imental animals of Huaihe Hospital of Henan University. The
animal procedures were followed to the Guide for the Care
and Use of Laboratory Animals of the National Institutes of
Health and the guidelines of the Animal Welfare Act. Female
athymic BALB/c nu/nu mice (45 weeks old, 15-20 g) were
purchased from Shanghai Experimental Animal Center
(Shanghai, China). All mice were housed in a pathogen-free
barrier facility with access to food and water. Xenografts were
established by subcutaneous injection of 5x10° SW579 cells
in a volume of 100 UL into the right hind leg of mice. When
the tumor volume reached the required size (50—100 mm?),
mice were randomly divided into the following groups (n=5):
si-control and si-IQGAP1-2 (5 ng siRNA daily for 21 days

by intratumoral injection). si-control and si-IQGAP1-2 were
mixed with polyethylenimine (PEI; Sigma-Aldrich) in accor-
dance with the manufacturer’s instructions. Tumor size was
measured with calipers once every 3 days, and volume was
calculated using the formula '=0.5236 (I X w X h), where /,
w and A represent length, width, and height. All mice were
euthanized at day 21 following the treatment, and the tumors
were removed for tumor weight measurement and Western
blot analysis.

Statistical analysis

All data were presented as mean * standard deviation. The
statistical significance of difference between groups was
determined by Student’s two-tailed #-test, and one-way
analysis of variance (ANOVA) was used to compare three
or more groups using SAS 9.2 software (SAS Institute, Inc.,
Cary, NC, USA). P<<0.05 was considered significant. Experi-
ments were repeated at least three times.

Results
IQGAP| was overexpressed in thyroid

cancer tissues and cell lines

To explore the effects of IQGAP1 on thyroid cancer, we
first detected the expression levels of IQGAP1 mRNA and
protein in the tumor tissues and adjacent normal tissues from
35 thyroid cancer patients as well as in normal thyroid cell
Nthy-ori 3-1 and thyroid cancer cell lines SW579 and TPC-1
by qRT-PCR and Western blot analysis, respectively. The data
presented that the expression levels of both IQGAP1 mRNA
and protein in the tumor tissues were significantly increased
in comparison with the normal tissues (Figure 1A and B).
Moreover, the mRNA and protein levels of IQGAP1 in both
thyroid cancer cell lines were drastically higher than that
in the normal thyroid cell (Figure 1C and D). Taken together,
these results indicated that IQGAP1 upregulation may take
part in the progression of thyroid cancer.

Knockdown of IQGAPI inhibited cell
proliferation and EMT of thyroid cancer
cells

To investigate whether knockdown of IQGAP1 could affect
cell proliferation and EMT of thyroid cancer cells, we first
transfected si-IQGAPI1-1 or si-IQGAP1-2 into SW579 and
TPC-1 cells. The results of gqRT-PCR and Western blot anal-
ysis showed that IQGAP1 mRNA (Figure 2A) and protein
(Figure 2B) expressions were dramatically downregulated
by the siRNAs transfection in both SW579 and TPC-1 cells,
suggesting an effective IQGAP1 knockdown. MTT assay
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Figure 1 mRNA and protein levels of IQGAPI expression are significantly upregulated in thyroid cancer tissues (n=35) and thyroid cancer cell lines.

Notes: (A) qRT-PCR analysis of IQGAP| mRNA level in thyroid cancer tissues. (B) Western blot analysis of IQGAP| protein in thyroid cancer tissues. (C) qRT-PCR analysis
of IQGAPI mRNA level in SW579 and TPC-| cells. (D) Western blot analysis of IQGAPI protein level in SW579 and TPC-1 cells. *P<<0.05.

Abbreviations: qRT-PCR, quantitative real-time polymerase chain reaction; N, normal; T, tumor.

revealed that knockdown of IQGAP1 significantly repressed
cell viability of both cell lines (Figure 2C). In addition,
Western blot analysis was performed to detect the expression
levels of EMT-related proteins in both cell lines transfected
with si-IQGAP1-1 and si-IQGAP1-2, respectively. The data
showed that compared with the control group, si-IQGAP1-1
and si-IQGAPI1-2 treatments significantly elevated the
epithelial marker E-cadherin and decreased the mesenchy-
mal markers (N-cadherin and Vimentin) and EMT-related
protein Twist in both cell lines (Figure 2D and E). Overall,
these results implied that IQGAP1 downregulation impeded
proliferation and EMT in thyroid cancer cells.

Knockdown of IQGAP| suppressed
WNT/B-catenin pathway in thyroid
cancer cells

To explore the potential mechanism of IQGAP1 in thyroid
cancer cells, B-catenin and target genes (c-myc and
cyclin D1) expression in the Wnt/B-catenin pathway were
detected by Western blot analysis in both cell lines transfected
with si-IQGAP1-1 and si-IQGAP1-2, respectively. The data

showed that knockdown of IQGAP significantly decreased
levels of these genes in SW579 (Figure 3A and B) and TPC-1
cells (Figure 3C and D), demonstrating that depletion of
IQGAPI1 repressed the Wnt/B-catenin pathway in thyroid
cancer cells.

Inactivation of the Wnt/B-catenin
pathway restrained EMT and proliferation

in thyroid cancer cells

To further explore if the inactivity of the Wnt/B-catenin
pathway repressed cell proliferation and EMT, SW579
cells were treated with different concentrations of Wnt/[3-
catenin signaling inhibitor XAV939 (5, 10 and 20 uM),
and TPC-1 cells were transfected with si-B-catenin-1 or
si-B-catenin-2. Western blot analysis showed that XAV939
significantly inhibited expressions of -catenin and target
genes (c-myc and cyclin D1) of Wnt/B-catenin pathway in
SW579 cells in a dose-dependent manner (Figure 4A and
B). Moreover, XAV939 significantly repressed expres-
sions of N-cadherin, Vimentin and Twist, while promoted
E-cadherin expression in SW579 cells in a dose-dependent
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Figure 2 Knockdown of IQGAPI inhibited proliferation and EMT of thyroid cancer cells.

Notes: SW579 and TPC-| cells transfected with si-control, si-IQGAPI-I or si-IQGAPI-2 were cultured for 48 h. (A) qRT-PCR analysis of IQGAPI mRNA level in
transfected cells. (B) Western blot analysis of IQGAPI protein in transfected cells. (C) MTT assay was performed to detect viability in transfected cells. (D and E) Western

blot analysis of E-cadherin, N-cadherin, Vimentin and Twist in transfected cells. *P<<0.05.

Abbreviations: EMT, epithelia-mesenchymal transition; qRT-PCR, quantitative real-time polymerase chain reaction; OD, optical density.
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EMT-related proteins (Figure 4E-H). MTT assay revealed
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Figure 4 Inactivation of the Wnt/B-catenin pathway suppressed cell proliferation and EMT in thyroid cancer cells.

Notes: SW579 cells were treated with different concentrations of Wnt/B-catenin signaling inhibitor XAV939 (5, 10 and 20 uM), and TPC-1 cells were transfected with
si-B-catenin-| or si-B-catenin-2. (A and B) Western blot analysis of B-catenin, cyclin DI and c-myc in SW579 cells at 48 h. (C and D) Western blot analysis of E-cadherin,
N-cadherin, Vimentin and Twist in SW579 cells at 48 h. (E and F) Western blot analysis was performed to test the expression of 3-catenin, cyclin DI and c-myc in TPC-1 cells
at 48 h. (G and H) Western blot analysis was applied to determine the level of E-cadherin, N-cadherin, Vimentin and Twist in TPC-1 cells at 48 h. (I) MTT assay was applied
to examine the viability of SW579 cells at 48 h. (J) MTT assay was carried out to measure the viability of TPC-| cells at 48 h. *P<<0.05.

Abbreviations: EMT, epithelial-mesenchymal transition; OD, optical density; NC, negative control.

that blocking the Wnt/B-catenin pathway inhibited EMT and
proliferation in thyroid cancer cells.

Inactivation of the Wnt/[3-catenin

pathway reversed the effects of IQGAPI
overexpression on EMT and proliferation
in thyroid cancer cells

To further testify if [QGAP1 affects cell proliferation and EMT
of SW579 and TPC-1 cells via the Wnt/B-catenin pathway,
the cells were treated with pcDNA-control, pcDNA-IQGAP1,
pcDNA-IQGAP1 + XAV939 or pcDNA-IQGAP1 + si-B-
catenin-1 for Western blot analysis and MTT assay. The data

presented that SW579 cells transfected with pcDNA-IQGAP1
had a significant increase in N-cadherin, Vimentin and Twist
level and a significant decrease in E-cadherin expression,
whereas XA V939 reversed the effects of pcDNA-IQGAP1 on
expressions of EMT-associated proteins (Figure SA and B).
Moreover, IQGAP1 overexpression promoted cell prolifera-
tion of SW579 cells, while XAV939 weakened the positive
effect of IQGAP1 overexpression on cell viability (Figure 5C).
Similarly, si-B-catenin-1 notably relaxed the effects of
IQGAP1 upregulation on EMT-associated proteins and cell
viability of TPC-1 cells (Figure 5D—F). These results revealed
that IQGAP1 regulated EMT and proliferation of thyroid can-
cer cells through the Wnt/B-catenin pathway.
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Knockdown of IQGAPI suppressed the

growth of SW579 tumor xenografts

We further explored the effects of knockdown of IQGAP1
on SW579 tumor xenografts in vivo. The data showed that
si-IQGAPI1-2 treatment (once daily) had a prominent inhi-
bition on tumor growth compared with the control group
(Figure 6A). Up to 21 days after the first si-IQGAP1-2

treatment, the mice were euthanized and weight measurement
of SW579 tumor xenografts was also performed. As shown
in Figure 6B, inhibition of IQGAP1 significantly reduced
tumor weight. In addition, expressions of -catenin and target
genes (c-myc and cyclin D1) of the Wnt/B-catenin pathway
and EMT-associated proteins in the excised SW579 xeno-
graft were detected. The data presented that compared with
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Figure 6 Downregulation of IQGAPI| suppressed the growth of SW579 tumor xenografts in vivo.

Notes: When the tumor volume reached the required size (50-100 mm?®), 5 g siRNA (si-control or si-IQGAPI-2) was injected into tumor cavity daily for 21 days. The
mice were euthanized at day 21. (A) Effects of IQGAP| knockdown on the growth of SW579 xenografts. (B) Tumor weights were measured at day 21. (C and D) Western
blot analysis of B-catenin, cyclin DI and c-myc in resected tumor tissues. (E and F) Western blot analysis of E-cadherin, N-cadherin, Vimentin and Twist excised in tumor

tissues. n=5 and *P<<0.05.

the control group, si-IQGAP1-2 significantly inhibited the
levels of B-catenin, c-myc and cyclin D1 in the Wnt/f-catenin
pathway in the resected tumor (Figure 6C and D). Further-
more, si-IQGAP1-2-derived tumor presented a remarkable
reduction in N-cadherin, Vimentin and Twist expression and
an obvious increase in E-cadherin expression compared with
the control group (Figure 6C—F).

Discussion

Thyroid cancers are tumors of the thyroid gland and origi-
nate from follicular or parafollicular cells. It is reported
that the incidence of thyroid cancer has increased virtually
in the majority of countries over the past few decades.'®
In addition, growing evidence has revealed the relation-
ship between IQGAP1 expression and tumorigenesis.”!
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To explore the precise role and mechanism of IQGAP1 in
the cancer progression, this study investigated the effects of
knockdown of IQGAP1 in thyroid cancer.

Previous studies reveal that IQGAP1 may promote the pro-
gression of some cancers, including thyroid cancer.!** Meng
et al indicated that IQGAP1 is upregulated in thyroid cancer
tissues and FTC133 cells.”® Consistent with this, our study
showed that IQGAP1 expression is upregulated in thyroid
cancer tissues and SW579 and TPC-1 cell lines. A previous
study showed that IQGAP1 knockdown results in a prominent
reduction in cell proliferation and invasion in the FTC133
cells.’® As is reported in some other types of cancers,*'? we
also found that knockdown of IQGAP1 suppressed prolifera-
tion of SW579 and TPC-1 cell lines and reduced tumor growth
invivo. To explore how IQGAP1, as a multifunctional protein,
regulates tumor proliferation and EMT in thyroid cancer, the
regulation of IQGAP1 on the expressions of the EMT-related
proteins E-cadherin, N-cadherin, Vimentin, Twist1, B-catenin
and the Wnt/B-catenin targets c-myc and cyclin D1 in thyroid
cancer were detected in vitro and in vivo.

EMT is a vital step in the initiation of the metastasis, during
which the majority of tumor cells spread into distal organs.
Therefore, better understanding of the molecular mechanisms
of thyroid cancer metastasis is important for developing new
medical treatments for thyroid cancer. The loss or reduction
of the expression of E-cadherin, a cell adhesion molecule, is
a crucial event in the initiation of EMT.? In the current study,
we also found that downregulation of IQGAP1 significantly
augment epithelial marker E-cadherin expression. Moreover,
mesenchymal markers (N-cadherin and Vimentin) and Twist
(an EMT inducer in cancer) were downregulated in [QGAP1-
knockdown thyroid cancer cells. These data suggested that
IQGAP! knockdown apparently suppressed EMT of cells,
which was consistent with the recent study.?*

When the Wnt/B-catenin pathway is activated, Wnt mol-
ecules bind to frizzled receptors and lead to destruction of
the complex, and then B-catenin transfers into the nucleus
and accumulate, finally inducing the loss of E-cadherin.?>2¢
The Wnt/B-catenin signaling pathway is involved in EMT in
gastrulation, cardiac valve formation and cancer.?’” Moreover,
it has been showed that the activation of the Wnt/B-catenin
pathway can promote EMT in various cancers.? Therefore, to
clarify how IQGAP1 regulated the EMT in thyroid cancer, we
detected the expressions of B-catenin and downstream target
genes (c-myc and cyclin D1) of the Wnt/B-catenin pathway,
and our data presented that significant reductions in B-catenin,
c-myc and cyclin D1 were observed in IQGAP1-knockdown
thyroid cancer cells. In addition, inactivation of the Wnt/

[-catenin pathway inhibited EMT and reversed the positive
effect of EMT and proliferation induced by the expression of
IQGAPI. These data suggested that knockdown of IQGAP1
inhibited the proliferation and EMT of thyroid cancer cells
through suppressing the Wnt/B-catenin pathway.

Conclusion

Our study demonstrated that IQGAPI is upregulated in
thyroid cancer tissues and cells. Knockdown of IQGAP1
exerted inhibitory effects on the cell proliferation and EMT of
thyroid cancer cells via blocking the Wnt/B-catenin pathway.
Moreover, knockdown of IQGAP1 suppressed the growth
and EMT of SW579 tumor xenografts in vivo. Our study
suggested that knockdown of IQGAP1 may be a potentially
novel therapeutic method and provided a theoretical basis
for therapeutic target for thyroid cancer.

Acknowledgment
This work was supported by Science and Technology Research
Project of Henan Province (Grant No 162102310076).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J
Clin. 2016;66(1):7-30.

2. Vadrucci M, Serio G, Baroli A. (1)(8)F-FDG PET/CT-guided clinical
management of the rare aggressive “columnar-cell” variant of papillary
thyroid cancer. Endocrinol Metab (Seoul). 2016;31(2):343-344.

3. Mitsiades CS, Mitsiades NS, McMullan CJ. Antimyeloma activity of
heat shock protein-90 inhibition. Blood. 2006;107(3):1092—1100.

4. Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transi-
tion. J Clin Invest. 2010;120(5):1786.

5. Christofori G. New signals from the invasive front. Nature. 2006;
441(7092):444-450.

6. Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-mesenchymal
transitions in development and disease. Cell. 2009;139(5):871-890.

7. Voulgari A, Pintzas A. Epithelial-mesenchymal transition in can-
cer metastasis: mechanisms, markers and strategies to overcome
drug resistance in the clinic. Biochim Biophys Acta. 2009;1796(2):
75-90.

8. Busch EL, McGraw KA, Sandler RS. The potential for markers
of epithelial-mesenchymal transition to improve colorectal cancer
outcomes: a systematic review. Cancer Epidemiol Biomarkers Prev.
2014;23(7):1164-1175.

9. Wang XX, Li XZ, Zhai LQ. Overexpression of IQGAP1 in human pan-
creatic cancer. Hepatobiliary Pancreat Dis Int. 2013;12(5):540-545.

10. Brown MD, Sacks DB. IQGAP1 in cellular signaling: bridging the
GAP. Trends Cell Biol. 2006;16(5):242-249.

11. Osman M. An emerging role for IQGAP1 in regulating protein traffic.
ScientificWorldJournal. 2010;10:944-953.

12. Machesky LM. Cytokinesis: IQGAPs find a function. Curr Biol. 1998;
8(6):202-205.

13. Sobrinho-Simoes M, Maximo V, Rocha AS, et al. Intragenic muta-
tions in thyroid cancer. Endocrinol Metab Clin North Am. 2008;
37(2):333-362.

submit your manuscript

1558

Dove

OncoTargets and Therapy 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Knockdown of IQGAPI inhibits proliferation and EMT in thyroid cancer

14.

15.

16.

18.

20.

21.

Liu Z, Liu D, Bojdani E, El-Naggar AK, Vasko V, Xing M. IQGAP1
plays an important role in the invasiveness of thyroid cancer. Clin
Cancer Res. 2010;16(24):6009-6018.

Meng D, Wu W, Li Z, Qin G. IQGAP1 modulates the proliferation and
invasion of thyroid cancer cells in response to estrogen. Int J Mol Med.
2015;36(2):588-594.

Clevers H, Nusse R. Wnt/beta-catenin signaling and disease. Cell.
2012;149(6):1192-1205.

. Wiseman SM, Griffith OL, Gown A, Walker B, Jones SJ. Immunophe-

notyping of thyroid tumors identifies molecular markers altered during
transformation of differentiated into anaplastic carcinoma. Am J Surg.
2011;201(5):580-586.

Kitahara CM, Sosa JA. The changing incidence of thyroid cancer. Nat
Rev Endocrinol. 2016;12(11):646—653.

. Johnson M, Sharma M, Henderson BR. IQGAPI regulation and roles

in cancer. Cell Signal. 2009;21(10):1471-1478.

Dong P, Nabeshima K, Nishimura N, et al. Overexpression and dif-
fuse expression pattern of IQGAP1 at invasion fronts are independent
prognostic parameters in ovarian carcinomas. Cancer Lett. 2006;243(1):
120-127.

Ma,Jin Z, Huang J, et al. IQGAP1 plays an important role in the cell
proliferation of multiple myeloma via the MAP kinase (ERK) pathway.
Oncol Rep. 2013;30(6):3032-3038.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the
management of cancer patients. The journal also focuses on the impact
of management programs and new therapeutic agents and protocols on

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

22.

23.

24.

25.

26.

217.

Wang XX, Wang K, Li XZ, et al. Targeted knockdown of IQGAP1
inhibits the progression of esophageal squamous cell carcinoma in vitro
and in vivo. PLoS One. 2014;9(5):e96501.

Meng X, Kong D, LiN, et al. Knockdown of BAG3 induces epithelial—
mesenchymal transition in thyroid cancer cells through ZEB]1 activation.
Cell Death Dis. 2014;5(2):¢1092.

Dong P, Ihira K, Xiong Y, et al. Reactivation of epigenetically silenced
miR-124 reverses the epithelial-to-mesenchymal transition and inhibits
invasion in endometrial cancer cells via the direct repression of [QGAP1
expression. Oncotarget. 2016;7(15):20260-20270.

Malanchi I, Peinado H, Kassen D, et al. Cutaneous cancer stem cell
maintenance is dependent on beta-catenin signalling. Nature. 2008;
452(7187):650-653.

Jing Y, Han Z, Zhang S, Liu Y, Wei L. Epithelial-mesenchymal transi-
tion in tumor microenvironment. Cell Biosci. 2011;1:29.

Guo J, FuZ, WeiJ. PRRX1 promotes epithelial-mesenchymal transition
through the Wnt/beta-catenin pathway in gastric cancer. Med Oncol.
2015;32(1):393.

Dove

patient perspectives such as quality of life, adherence and satisfaction.
The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

OncoTargets and Therapy 2017:10

submit your manuscript

1559

Dove


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


