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Background: Colon cancer (CRC) is a common type of tumour, and IQGAP family proteins
play an important role in many tumours. However, their roles in CRC remain unclear.
Methods: First, we searched many public databases to comprehensively analyze expression
of IQGAPs in CRC. Next, real-time PCR, immunohistochemical (IHC), transwell, siRNA
transfection and Western blot assays were used to evaluate relationships among IQGAP3
expression, clinical pathological parameters and CRC prognosis, and the underlying mole-
cular mechanism was investigated.

Results: IQGAP3 was elevated in CRC tissues, whereas there was no significant change in
expression of IQGAP1 or IQGAP2. Additionally, IQGAP3 expression in CRC tissues was
associated with tumour progression, invasion and poor prognosis. In mechanistic studies, we
found that IQGAP3 was positively coexpressed with PIK3C2B. In an in vitro assay, the
PIK3C2B expression level was increased after exogenous overexpression of IQGAP3,
resulting in the promotion of cell invasion, which was blocked by pretransfecting cells
with PIK3C2B siRNA. Furthermore, we found that high expression of IQGAP3 and
PIK3C2B correlated with tumour stage and vessel invasion in human CRC, whereby patients
with high expression of both in tumours had a worse prognosis compared with patients with
single-positive or double-negative tumours.

Conclusion: The results of our current study and corresponding previous studies provide
evidence that IQGAP3 is elevated in CRC and promotes colon cancer growth and metastasis
by regulating PIK3C2B activation.
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Background

Colon cancer, or colorectal cancer (CRC), is a common type of tumour of the
digestive system. Previous studies have indicated that the progression of colon
epithelial cells from normal adenoma to carcinoma entails multiple steps involving
many oncogene or tumour-suppressor gene mutations, such as K-RAS, APC, and
T-p53."? Although these mutations are important during CRC development, they
are still not able to explain all the mechanisms of malignant behavior in CRC.'~
Mutation of APC genes in CRC results in constitutive activation of the B-catenin
pathway, with transcriptional activation of many downstream genes, such as c-myc
and cyclin D1.>* Additionally, neoplasm transformation by mutation of Ras and
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other oncoproteins often contributes to EGFR pathway
activation and resistance to B-Raf and tyrosine kinase
inhibitor therapies, such as vemurafenib, cetuximab, sor-
afenib and dabrafenib.’ In fact, approximately 30% of
human tumours carry Ras and B-Raf mutations. These
mutations are necessary for ERK pathway activation and
result in tumour invasion and proliferation promotion.°®
Ras mutation and pathway activation are common in
CRC. Although mutations in Cdc42 and Racl are rare in
cancer, many researchers have reported that their abnormal
expression of is associated with Ras activation in cancer.”®
Furthermore, the peroxisome proliferator activated recep-
tor gamma (PPARY) gene serves as a tumour suppressor in
CRC. Abnormal expression of PPARy leads to an
increased risk of carcinogen-induced CRC.” Therefore,
CRC carcinogenesis is a complex process involving
epithelial dysplasia and multiple abnormal signaling path-
ways. Nonetheless, the detailed mechanism of CRC devel-
opment still needs to be further explored.

Members of the IQ domain-containing GTPase-activat-
ing protein (IQGAP) family contain an order domain of
CH, WW, IQ and GRD from the NH,-terminus. There are
three paralogues of IQGAPs in humans, named IQGAP1,
IQGAP2 and IQGAP3, which have similar domain com-
positions and may have similar or divergent functions,
tissue expression and subcellular localization. These pro-
teins participate in several cellular processes, such as cell
adhesion, invasion, proliferation, exocytosis, intracellular
signaling, cytoskeletal dynamics, and neuronal morpho-
genesis, and they have been defined as important factors
in cytokinesis in yeast.'” IQGAPs are also reported to be
involved in mitogen-activated protein kinase (MAPK)
pathway regulation.'"'? IQGAP1 is the best characterized
IQGAP isoform to date and is overexpressed in many
human cancers."*”'> For example, IQGAP]1 is associated
with increased tumour progression and angiogenesis in
breast cancer.'® By interacting with many MAPK pathway
components, IQGAP1 inhibits Ras-driven tumorigenesis
by targeting the MAPK axis and mediates optimal ERK
activation.'””'® In many tumours, such as CRC and pan-
creatic cancer, activation of Rho GTPases, Cdc42 and
Racl by Ras and promotion of other oncoproteins occurs.
IQGAP1 expression has been reported to enhance activa-
tion of Cdc42 and Racl by targeting IQGAP1/Cdc42 and
IQGAP1/Racl complexes in cancer cells, thereby increas-
ing tumourigenesis.'® ' Unlike IQGAP1, which is ubiqui-
tously expressed, IQGAP2 is mainly expressed in the liver
and to a lesser extent in other tissues, such as the testis,

kidney, platelets, salivary glands, prostate, thyroid and
stomach. Despite 62% similarity in the amino acid
sequences of IQGAP2 and IQGAPI1, IQGAPI1 is defined
as an oncogene, whereas IQGAP2 appears to act as
a tumour-suppressor gene in hepatocellular tumours;**
indeed, they are reciprocally altered in hepatocellular can-
cer. Schmidt et al*® reported that IQGAP2-knockout mice
will automatically develop hepatocellular cancer in an
IQGAPI1-dependent manner. In addition, lower expression
of IQGAP2 has been found in prostate***> and gastric
carcinomas.?® However, the detailed mechanisms of
IQGAP?2 in cancer are still unclear. Since it was identified
in 2007, IQGAP3 is much less characterized than the other
two molecules. Nevertheless, it is reported to be detected
in only a few normal tissues, such as the small intestine,
lung, brain, colon and testis.’” Recently, some studies
revealed have that, similar to IQGAP1, IQGAP3 promotes
proliferation and correlates with increased migration and
invasion abilities in cancer cells by promoting extracellu-
(ERK) 28-30
Although IQGAPs have been suggested to play a core

lar signal regulated kinase activation.
regulatory function in many tumours, their roles in CRC
remain mostly unclear.

In our current study, we experimentally investigated
expression of IQGAPs in CRC, and the results provide
evidence showing that IQGAP3 promotes CRC progres-
sion associated with phosphatidylinositol-4-phosphate
3-kinase catalytic subunit type 2 beta (PIK3C2B or
PIK3C2p)

IQGAP3 overexpression in CRC may therefore play

regulation and predicts poor prognosis.

a tumourigenic role in CRC.

Methods

Public Database Sources

ONCOMINE Datasets

ONCOMINE is an online cancer microarray gene expres-
sion data site (www.oncomine.org) that we used it to

analyze transcriptional expression levels of IQGAPs in
CRC. mRNA expression changes of IQGAPs in CRC
specimens were compared with normal tissue by using
Student’s #-test.

GEPIA Dataset

GEPIA is an interactive web server for analyzing RNA
sequencing expression data of tumours and normal sam-
ples from the TCGA and GTEx projects. It provides cus-
tomizable functions according to cancer type, such as
differential pathological survival

expression, stage,

submit your manuscript

8300

Dove

OncoTargets and Therapy 2020:13


http://www.oncomine.org
http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

analysis, dimensionality reduction analysis and correlation
gene analysis.'

TCGA and cBioPortal Data

A 379-case (TCGA,
Provisional) dataset was selected for further analyses of
IQGAPs using cBioPortal (https://www.cbioportal.org).>**
The dataset includes gene mutations, copy number altera-
tions (CNA) from GISTIC, mRNA expression Z-scores
(RNA Seq V2 RSEM) and protein expression Z-scores
(RPPA). A coexpression network was constructed and ana-

Colorectal  Adenocarcinoma

lyzed according to the online instructions of the cBioPortal
website. Then, based on Spearman correlation value (>0.3),
a Venn diagram was drawn by using the online Venn dia-
grams tool (http://bioinformatics.psb.ugent.be/webtools/

RNA Isolation and Real-Time PCR

Total mRNA was isolated according to the protocol of the
RNAsimple Total RNA Kit (DP419, TIANGEN Biotech
Co., Ltd., China). cDNA was synthesized by using
PrimeScript™ RT reagent Kit with gDNA Eraser
(RR047A, TaKaRa Biotechnology Co., Ltd., China). Real-
time PCR (qRT-PCR) was performed using a Bio-Rad
CFx96 system (Bio-Rad, USA) with SYBR Premix
ExTaq Kit (DRRO81A; TaKaRa Biotechnology Co., Ltd.,
China). All experiments were carried out in triplicate.
Relative gene expression levels were normalized to the
internal standard GAPDH and calculated by using the
2-AAct method. The primers used for candidate genes
were selected from PrimerBank (https:/pga.mgh.harvard.

edu/primerbank/); the sequences are listed in

Venn/).

Samples and Patients

Forty fresh CRC tissue samples were collected from the
Department of General Surgery of Colorectal Cancer of
Zhejiang Cancer Hospital from 2017 to 2018. The
tumour histologic type was diagnosed by three indepen-
dent pathologists and classified according to the
American Joint Committee on Cancer (AJCC) classifica-
tion (8th and 7th versions) of CRC tumours.** Matched
normal colon epithelial tissues were collected 5 cm away
from the tumour site. None of the patients received
chemotherapy prior to surgery. This study was approved
by the Ethics Committee of Zhejiang Cancer Hospital
with written informed consent. Upon admission, an addi-
tional 120 CRC FFPE (from 2012-2013) samples were
collected for tumour microarray (TMA) preparation. In
brief, a core tumour area (tumour occupying >50%) and
adjacent normal tissue of every GC patient’s wax block
were determined and circled by two pathologists through
HE-stained sections. Then, by using a trephine, the core
cancer or normal tissues (approximately 2 mm diameter)
individual paraffin-embedded GC
blocks and individually arranged into recipient paraffin

were taken from

tissue microarray blocks.

All patients were followed up for 5 years until
December 2018, and the survival time was calculated
from the date of surgery to the date of death or deadline
of the follow-up period. The age of the CRC patients
ranged from 17 to 80 years (with a median age of 57.7
years). The clinicopathological characteristics of this
cohort are summarized in Table 2.

Supplementary file 1, Part 1. The qPCR reaction condi-

tions were as follows: initial denaturation for 4 minutes at
95°C, followed by 35 cycles of denaturation at 95°C for 10
seconds, annealing at 55°C for 10 seconds, and extension
at 72°C for 10 seconds.

Cell Culture and Transfection

CRC cell lines (HCT116, SW480, SW620 and DLDI)
were purchased from the Cell Bank of Shanghai Institute
of Cell Biology and cultured in 10% FBS DMEM culture
medium (HyClone, USA) at 37°C and 5% CO,.

The pcDNA3.1-IQGAP3 plasmid and PIK3C2B
siRNA were constructed and purchased from Guangzhou
RiboBio Co., Ltd. of China. In brief, 4x10° CRC cells per
well were seeded into a six-well plate. After the cells were
attached, they were transfected with pcDNA3.1-IQGAP3,
PIK3C2B siRNA or the corresponding negative controls at
a final concentration of 1 pg of plasmid or 10 nM of
siRNA, respectively, according to the Lipofectamine
3000 transfection reagent manufacturer’s protocol
(Thermo Fisher Scientific, USA). After transfection, the
cells were collected for future assays, such as invasion,
Western blotting, and qRT-PCR experiments.

Invasion Assays

Invasion assays were performed using invasion chambers
precoated with Matrigel (354480; BD, USA). CRC cells
pretransfected with or without pcDNA3.1-IQGAP3 plas-
mid and PIK3C2B siRNA and controls (2x10° for inva-
sion assays) were seeded into the upper chamber with
optimal serum-free MEM medium; 30% FBS DMEM
added to the chamber as

medium was lower
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a chemoattractant. Twenty-four or forty-eight hours later,
the upper chambers were removed, and noninvading cells
in the upper chambers were removed by using cotton
swabs. The cells remaining were stained with crystal violet
staining solution (E607309, Sangon Biotech, China), and
the number of migrating or invading cells was calculated
in five random fields under a microscope (x200).

Western Blotting

In brief, RIPA lysis buffer (Beyotime Biotech, China) was
used to extract total proteins from cells. Thirty micrograms
of total protein from each sample was separated by 10%
SDS-PAGE and then transferred onto a 0.45-um PVDF
membrane. The PVDF membranes were blocked with 5%
BSA in TBST at room temperature for 2 h and then with
primary antibodies against IQGAP3 (ab219354, at 1:2000
dilution, Abcam, USA), PIK3C2B (ab231122, at 1:1000
dilution, Abcam, USA), and GAPDH (M1310-2, at 1:3000
dilution; HuaBio Inc, China) overnight at 4°C. The mem-
branes were incubated with the corresponding horseradish
peroxidase (HRP)-labelled goat anti-rabbit or anti-mouse
IgG antibody for lh. After washing, the ChemiDoc che-
miluminescence system (BIO-RAD, USA) was used to
detect the signal of each blot.

CRC TMA Immunohistochemistry and

Immune Signal Evaluation

After conventional dewaxing hydration and antigen repair,
4-um TMA sections were incubated with primary antibo-
dies against IQGAP3 (1:100 dilution, ab219354, Abcam,
USA) and PIK3C2B (1:100 dilution, ab231122, Abcam,
USA) at 4°C overnight. After the sections were rinsed
three times in PBST for 5 min each, they were incubated
with HRP-labelled secondary antibodies for 1 h at room
temperature. Signal detection was performed using
3,3-diaminobenzidine (DAB) reagent, and the slides were
stained with haematoxylin. For each sample, the immu-
nostaining intensity levels were evaluated under
a microscope independently by two pathologists in the
absence of clinical information, according to the following
criteria: the average staining signal intensity (range from
0-3) and the proportion of positively stained tumour cells
(0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; and 4,
76—100%). Finally, a composite score was calculated by
multiplying the intensity and percentage scores; a score
ranging from 0 to 4 was defined as negative, and a score of

5 to 12 was defined as positive.

Statistical Analysis

All statistical analyses were carried out by using Prism
software and SPSS version 13.0 (SPSS Inc., USA).
Statistical differences in IQGAP and PIK3C2B expression
between cancer and normal tissues were calculated by
using a 2-tailed paired Student’s t-test. Data from cell
invasion, luciferase, WB, and PCR assays are shown as
the mean + SE, and significant differences were deter-
mined by independent sample #-tests. The Chi-squared
test was applied to analyze the relationship between
IQGAP3 and PIK3C2B expression and clinicopathological
characteristics. The Kaplan-Meier method and the Log
rank test were used to draw survival curves.
A multivariate Cox regression model was employed to
analyze the significance of survival-related variables in
this CRC cohort. A P value smaller than 0.05 (P<0.05)

was defined as statistically significant.

Results
IQGAP Expression in Patients with CRC

Comparing the transcriptional levels of three IQGAPs
from ONCOMINE databases, the mRNA expression levels
of IQGAP3 were significantly upregulated in two CRC
datasets (Figure 1A).

In the TCGA and Hong CRC datasets,*>*® IQGAP3
was overexpressed with fold changes of 2.384 and 2.581
(both P<0.05) compared with normal samples, respec-
tively. However, lower IQGAP2 mRNA expression levels
were observed in 15 datasets (Table 1), and there was no
dataset for IQGAP1 (Figure 1, Table 1). Then, we used the
GEPIA dataset (the Match TCGA normal and GTEx data
set) to analyze the difference in IQGAP expression
between CRC and normal tissues. With a slight difference
from the Oncomine database, the results from GEPIA
showed that IQGAP3 levels were higher in CRC tissues,
with no difference in IQGAP1 or IQGAP2 (Figure 1B
and C).

To validate the real expression level of IQGAPs in our
clinical CRC tissues, 40 paired CRC and normal colon
epidermal tissues were collected for qRT-PCR analysis.
Consistent with the GEPIA database, the qRT-PCR results
from our clinical samples indicated that IQGAP3 expression
in CRC tissues was significantly higher than that in matched
normal tissues (Figure 2A). In contrast, IQGAP2 expression
was slightly lower in CRC tissue but not significantly dif-
ferent (P>0.05), with no difference in IQGAP1 expression
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Figure | Transcriptional levels of IQGAPs in different types of cancer public databases. (A) Transcriptional levels of IQGAPs in CRC in the ONCOMINE public database.
(B and C) Transcriptional levels of IQGAPs in CRC in the GEPIA public database. Expression levels of IQGAP3 were higher in CRC tissues than in normal tissues; those of

IQGAPI and IQGAP2 showed no difference.
Abbreviation: COAD, colon adenocarcinoma.

(Figure 2A). Thus, we focused on IQGAP3 and explored the
potential mechanisms of CRC progression.

Predicted IQGAPs Frequently Alter

Neighbouring Genes in CRC Patients

As described above and in a previous study, IQGAP3 may
function in a manner similar to that of IQGAPI1 in cell
proliferation and invasion promotion via extracellular signal
regulated kinase (ERK) activation.’”*® We analyzed IQGAP
alterations, correlations, and networks by using the
Colorectal Adenocarcinoma (TCGA, Provisional) dataset
from the cBioPortal database, which contains samples (379
patients/382 samples) with RNA Seq V2 data. Pearson’s
correction correlations of IQGAP levels with each other
were determined by analyzing their RNA Seq V2 RSEM
data in the Colorectal Adenocarcinoma (TCGA, Provisional)
dataset via the cBioPortal online tool. The results showed
a positive correlation of IQGAP3 with IQGAP2 and of
IQGAP1 with IQGAP2 (Figure 2B). We then downloaded
coexpressed genes from the Colorectal Adenocarcinoma
(TCGA, Provisional) dataset in the cBioPortal database

and drew a Venn diagram by setting the cut-off value at

Spearman correlation value >0.3 (Supplementary file 1,

Parts 3-5). Finally, an interesting result was that only one
gene, PIK3C2B, was closely and positively associated with
IQGAP alterations in CRC (Figure 2C).

IQGAP3 Promotes CRC Invasiveness

Associated with PIK3C2B in vitro

As one of the three isoforms of class II PI3Ks, PIK3C2B has
a substrate specificity targeted to PI and PI(4)P, which can
subsequently activate pathways of RTKs, such as AKT-
mTOR and EGFR

PIK3C2B can regulate different cellular functions, such as
39,40
“In

signaling pathways. Moreover,
cell proliferation, invasion and cancer progression.
our current study, we discovered that IQGAP3 was
expressed at relatively lower levels in DLD1 and HCT116
CRC cell lines (Figure 3A) and that cell invasion abilities
were significantly increased after exogenous overexpression
of IQGAP3 (Figure 3B). At the same time, PIK3C2B
expression was increased at both the protein and mRNA
transcription levels (Figure 3A and Supplementary file 1,

Part 2). Furthermore, these effects of promoting invasion in
response to IQGAP3 overexpression in these two CRC cell
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Table | Significant Changes in IQGAP Expression at the Transcriptional Level Between Different Types of CRC Tissues and Normal
Tissues (ONCOMINE Database)

Gene Cancer vs Normal Data Set Fold Change | P value | t-test Ref.
IQGAPI | N/A N/A N/A N/A N/A
IQGAP2 | Colon Adenocarcinoma vs Normal Kaiser Colon Statistics -3.25 2.23E-16 | —12.60 [57]
Cecum Adenocarcinoma vs Normal Kaiser Colon Statistics —2.656 I.59E-7 —7.826
Colon Mucinous Adenocarcinoma vs Normal | Kaiser Colon Statistics —2.133 4.11E-7 —8.086
Rectosigmoid Adenocarcinoma vs Normal Kaiser Colon Statistics —2.932 2.89E-5 —6.7210
Colon Adenocarcinoma vs Normal Ki Colon Statistics —2.829 2.11E-5 —8.995 [58]
Colorectal Carcinoma vs Normal Hong Colorectal Statistics —5.396 7.18E-23 | —14.578 | [35]
Rectal Adenocarcinoma vs Normal Gaedcke Colorectal Statistics —3.874 1.23E-36 | —19.888 | [59]
Colon Adenocarcinoma vs Normal TCGA Colorectal Statistics —3.528 I.16E-24 | —14.525 | [36]
Rectosigmoid Adenocarcinoma vs Normal TCGA Colorectal Statistics —5.547 2.49E-9 —16.820
Rectal Adenocarcinoma vs Normal TCGA Colorectal Statistics —3.584 1.09E-19 | —11.947
Colon Adenoma Epithelia vs Normal Skrzypczak Colorectal 2 Statistics | —4.411 1.42E-7 —22.666 | [60]
Colon Carcinoma vs Normal Skrzypczak Colorectal 2 Statistics | —2.739 5.43E-8 —12.184
Colon Carcinoma Epithelia vs Normal Skrzypczak Colorectal 2 Statistics | —2.192 5.28E-8 —15.691
Colon Adenoma vs Normal Skrzypczak Colorectal 2 Statistics | —5.899 3.74E-6 —13.834
Colorectal Carcinoma vs Normal Skrzypczak Colorectal Statistics —2.847 I.38E-11 | —8.36 [60]
IQGAP3 | Rectal Mucinous Adenocarcinoma vs Normal | TCGA Colorectal Statistics 2.384 7.72E-6 6.864 [36]
Colorectal Carcinoma vs Normal Hong Colorectal Statistics 2.581 1.72E-7 5.834 [35]

lines was blocked by pretransfecting them with PIK3C2B
siRNA (Figure 3B). These results indicate that PIK3C2B
activation is involved in the enhancement of invasiveness

during IQGAP3 overexpression.

Clinical Significance of IQGAP3 and

PIK3C2B in CRC

[HC staining for IQGAP3 and PIK3C2B in TMA was used to
further analyse correlations of IQGAP3, PIK3C2B, patholo-
gical parameters and prognosis (Table 2). In this cohort, the
mean age of the patients was 57.70+11.17 years. Elevated
levels of IQGAP3 and PIK3C2B were detected in 57.5% (69/
120) and 65% (78/120) of cases, respectively (Figure 4A).
Further statistical analysis between IQGAP3 and PIK3C2B
expression and clinical pathological parameters was per-
formed. Overall, we found that higher levels of IQGAP3-
positive staining in tumours correlated with differentiation,
lymph node metastasis stage (N stage), TNM stage and
vessel invasion (P<0.05, Table 2); we also found that ele-
vated PIK3C2B was associated with TNM stage, lymph node
invasion, vessel invasion and distant metastasis (P<0.05,
Table 2). Additionally, a positive relationship was found
between IQGAP3 and PIK3C2B expression (P<0.05,
Table 2). Conversely, there were no associations between

age, sex, location, or histological type of CRC with either
IQGAP3 or PIK3C2B expression (Table 2).

In this cohort of CRC patients (n=120), the mean survi-
val time in IQGAP3-positive patients was significantly
shorter than that in IQGAP3-negative patients (31.26 +
4731 + 1.79 months, P<0.05).
Furthermore, the 5-year survival rate in IQGAP3-positive

1.59 months vs

patients was lower than that in IQGAP3-negative patients
(10.1% vs 51.0%, P<0.05, Figure 4B, respectively). Patients
with positive PIK3C2B expression also had a worse survival
time and rate compared to patients without PIK3C2B
expression (33.87 £ 1.62 months vs 45.18 £ 2.03 months
and 16.7% vs 47.6%, respectively, P<0.05, Figure 4C).
Moreover, the patients with positive expression of both
IQGAP3 and PIK3C2B had a worse survival rate (6.3%)
than did those with positive expression of only IQGAP3
(18.2%) or PIK3C2B (38.5%) or expression of neither
(66.7%). Survival time was also shorter in patients positive
for both IQGAP3 and PIK3C2B (28.09 + 1.74 months) than
in those positive for IQGAP3 (37.96 + 2.56 months) or
PIK3C2B (43.99 + 2.46 months) or negative for both
(50.07 £ 2.23 months) (P<0.05, Figure 4D). Multivariate
Cox regression analysis showed vascular invasion, IQGAP3
expression and PIK3C2B expression to be independent
prognostic factors in this cohort of CRC patients (Table 3).
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Table 2 Association Between IQGAP3, PIK3C2B Expression and Clinicopathological Factors

Variables IQGAP3 PIK3C2B
Negative Positive tlxz, P-value Negative Positive tlxz, P-value
Age, years 0.249, 0.618 0.013, 0.909
<60 25(49.0%) 37(53.6%) 22(52.4%) 40(51.3%)
>60 26(51.0%) 32(46.4%) 20(47.6%) 38(48.7%)
Sex 0.260, 0.610 0.155, 0.694
Male 34(66.7%) 49(71.0%) 30(71.4%) 53(67.9%)
Female 17(33.3%) 20(29.0%) 12(28.6%) 25(32.1%)
Location 0.198, 0.906 1.767, 0.413
Left 8(15.7%) 10(14.5%) 4(9.5%) 14(17.9%)
Right 17(33.3%) 21(30.4%) 13(31.0%) 25(32.1%)
Transverse 26(51.0%) 38(55.1%) 25(59.5%) 39(50.0%)
Tumor size (cm) 0.612, 0.434 0.006, 0.938
<5 31(60.8%) 37(53.6%) 24(57.1%) 44(56.4%)
25 20(39.2%) 32(46.4%) 18(42.9%) 34(43.6%)
Differentiation 7.151, 0.028 3.070, 0.215
Well 6(11.8%) 2(2.9%) 5(11.9%) 3(3.8%)
Moderate 19(37.3%) 17(24.6%) 13(31.0%) 23(29.5%)
Poor 26(51.0%) 50(72.5%) 24(57.1%) 52(66.7%)
Invasion depth 4940, 0.176 2.363, 0.501
TI 3(5.9%) 0(0.0%) 0(0.0%) 3(3.8%)
T2 11(21.6%) 12(17.4%) 8(19.0%) 15(19.2%)
T3 29(56.9%) 47(68.1%) 29(69.0%) 47(60.3%)
T4 8(15.7%) 10(14.5%) 5(11.9%) 13(16.7%)
Lymph node metastasis stages 9.123, 0.010 0.725, 0.696
NO 15(29.4%) 6(8.7%) 9(21.4%) 12(15.4%)
NI 5(9.8%) 12(17.4%) 6(14.3%) 11(14.1%)
N2 31(60.8%) 51(73.9%) 27(64.3%) 55(70.5%)
TNM stages 13.606, 0.003 8.749, 0.033
| 6(11.8%) 0(0.0%) 1(2.4%) 5(6.4%)
Il 9(17.6%) 6(8.7%) 8(19.0%) 7(9.0%)
1l 28(54.9%) 56(81.2%) 32(76.2%) 52(66.7%)
v 8(15.7%) 7(10.1%) 1(2.4%) 14(17.9%)
TNM stages 2 8.717, 0.003 0.691, 0.406
1+l 15(29.4%) 6(8.7%) 9(21.4%) 12(15.4%)
IE2\% 36(70.6%) 63(91.3%) 33(78.6%) 66(84.6%)
Lymphatic invasion 3.173, 0.075 5.199, 0.023
No 22(43.1%) 19(27.5%) 20(47.6%) 21(26.9%)
Yes 29(56.9%) 50(72.5%) 22(52.4%) 57(73.1%)
Vessel invasion 4.125, 0.042 9.111,0.003
No 24(47.1%) 20(29.0%) 23(54.8%) 21(26.9%)
Yes 27(52.9%) 49(71.0%) 19(45.2%) 57(73.1%)
Distant metastasis 0.823, 0.364 6.049, 0.014
No 43(84.3%) 62(89.9%) 41(97.6%) 64(82.1%)
Yes 8(15.7%) 7(10.1%) 1(2.4%) 14(17.9%)
(Continued)
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Table 2 (Continued).

Variables IQGAP3 PIK3C2B
Negative Positive t/y?, P-value Negative Positive t/y?, P-value
PIK3C2B expression 5.669, 0.017
Negative 24(47.1%) 18(26.1%)
Positive 27(52.9%) 51(73.9%)

Notes: The pathological staging follows to the WHQ’s (2010) pathological classification of CRC; Invasion Depth (T Grade) grade Tla and TIb are classed as T|, T4a and
T4b are classed as T4; Lymphatic Metastasis (N Grade) grade NI includes Nla, N3b and N3c; TNM grade lla, IIb and llc are classed as TNM grade |l llla, lllb and llic are

classed as TNM grade lll, includes IVa and IVb are classed as grade IV.

Discussion

In humans, the IQGAP family consists of three proteins,
IQGAP1, IQGAP2 and IQGAP3." Among them, IQGAP1
is characterized as participating in the activation of several
signaling pathways and protein-protein interactions.
Although IQGAP2 and IQGAP3 contain all the domains
found in IQGAPI, the biological roles of these two mole-
cules remain poorly understood. Many proteins, such as
E-cadherin, Cdc42, B-catenin, Racl and MAPK kinase
components, are reported to bind with IQGAP1 to promote
cancer progression.'”?”*! However, the actual role of
IQGAPs in CRC is still unknown. Here, we summarize
the analysis of IQGAPs in CRC. Although IQGAP1 expres-
sion was slightly increased in colon cancer tissue in the
GEPIA database, IQGAP2 was found to be widely down-
regulated in 15 datasets in the ONCOMINE database. In
our 40 paired clinical CRC tissues, we did not find
a significant change in IQGAP1 and IQGAP2 expression
between CRC and adjacent normal tissues. The reason for
this difference, especially for IQGAP2, may be that the
tumours and normal tissues used in the databases did not
originate from matched tissues of the same patient.
Interestingly, consistent with the ONCOMINE and GEPIA
databases, we confirmed that IQGAP3 was significantly
increased in CRC tissues in our cohort. IQGAP family
members have similar domain compositions and may have
similar functions in cancer progression. IQGAP1 is reported
to be upregulated in many human cancers and associated
with enhanced malignant behaviours.**** In contrast, the
characteristics of IQGAP3 are less studied, though it may
have a role similar that of to IQGAP! in tumorigenesis. In
our study, we compared IQGAP3 expression in 40 paired
CRC tissues, which provided important evidence showing
IQGAP3 to be upregulated in CRC tissue. Further analysis
in clinical CRC FFPE tissues (TMA) showed that a high
level of IQGAP3 was related to tumour differentiation,
lymph node metastasis, TNM stage, vascular invasion and

poor prognosis, which supports a tumorigenic role for
IQGAP3 in CRC. An in vitro transwell assay also indicated
that decreased IQGAP3 levels in CRC cells may inhibit
cancer cell invasion abilities.

Phosphoinositide 3 kinases (PI3Ks) play an essential role
in signal transduction, cell differentiation, proliferation and
cancer progression in many tumours.*****> Mammals have
eight PI3Ks, and they have been divided into three classes
based on substrate sequence similarity. Among them, class
I PI3K isoforms are activated by G protein-coupled receptors
(GPCRs) or tyrosine kinases and are important for protein
kinase B and Akt pathway activation and linked to
tumourigenesis.*>*® Based on its core role in intracellular
signal transduction, abnormal expression of the PI3K net-
work is a common event in human tumours. In contrast to
class I PI3Ks, class II PI3Ks remain poorly characterized.
However, class II PI3K can be divided into three isoforms,
PIK3C2a, PIK3C2p and PIK3C2y, serving as downstream
targets of tyrosine receptor kinases, such as EGFR, PDGFR,
C-KIT and IR. Previous studies have reported that these
factors may play an important role during cancer
development.**™** Activation of PIK3C2B is predominately
associated with cell motility, differentiation and apoptosis,
and it has important roles during tumourigenesis.*’ In addi-
tion, amplification and somatic mutations of PIK3C2B have
been detected in glioblastoma and non-small cell lung
cancer,so*52 but the function of these mutations is still
unclear. In esophageal squamous cell tumours, expression
of PIK3C2B is associated with cell migration and tumour
metastasis via Akt signaling pathway activation and cisplatin
resistance.” Furthermore, recent reports have documented
that PIK3C2B promotes the invasiveness of cancer cells via
Rho family GTPase activation and target inactivation of
PIK3C2B, which potentiates
sensitivity.>*® Thus, PIK3C2B plays a positive role in can-

insulin  signaling and

cer progression. In our current study, we analyzed coex-
pressed genes of IQGAPs downloaded from the cBioPortal

submit your manuscript

8306

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

A s s 3
3 % t=1.349, P=0.185 3 t=0.155, P<0.01
. S 0.010- 0.015+ _—
g 00018 t=0.797, P=0.43 2 . . .
4 - 2 o® > ®
£0.0010- o . g 0008 ~: 3 00101 ey e a0 .
: [ . < < ..‘o ® e .
Z 0.0005- d See Z % . Z o005 — VIS .
£ () (] [3 [3 J
@ 0.0004 - Soo——————....... . ——_— °
200000 Nyt -’ 2 2 0.000-:----- '.l'% .....
. & :
£ g g
+-0.0005 : . o~ -0.005 . . .005 . .
& Cancer Normal & Cancer Normal & Cancer Normal
g (n=40) (n=40) g (n=40) (n=40) 8 (n=40) (n=40)

IQGAP1
IQGAP2
IQGAP3

Spearman:0.30
(p=2.65e-9) ©
Pearson:0.30
(p=2.05¢-9)

mRNA expression (RNA Seq V2 RSEM): IQGAP1 (log2)

IQGAP2 vs. IQGAP1

5 S N @

mRNA expression (RNA Seq V2 RSEM): IQGAP2 (log2)
©

Spearman:0.20
(p=8.294e-5)
Pearson:0.14
(p=5.887e-3)

7 8 9 10 11 12
mRNA expression (RNA Seq V2 RSEM): IQGAP3 (log2)

13

IQGAP1

3 4 5 6

mRNA expression (RNA Seq V2 RSEM): IQGAP1 (log2)

7

8

mRNA expression (RNA Seq V2 RSEM): IQGAP2 (log2)

IQGAP3 vs. IQGAP1

° o0
13 '4 ®
8
°
12 ° %" L
Spearman:0.04 ©
11{ (p=0.465) L)
Pearson:0.05 e
(p=0.289) -

9 10 1 12 13

7 8 9

10

mRNA expression (RNA Seq V2 RSEM): IQGAP3 (log2)

1" 12 13

Cc

IQGAP2

PIK3C2B

IQGAP3

Figure 2 IQGAP gene expression and frequently altered neighbouring gene analysis in CRC (cBioPortal). (A) Real-time PCR analysis of IQGAP gene expression in 40 paired
CRC tissues. P<0.05 was significant. (B) Correlations of IQGAPs with each other by analysing their MRNA expression (RNA Seq V2 RSEM) via the cBioPortal online tool for
CRC (TCGA, Provisional). (C) The Venn diagram results show that PIK3C2B is positively associated with IQGAP alterations in CRC.

Abbreviation: t, t value.

database and found that PIK3C2B gene expression correlates
positively with IQGAP3 gene expression. In addition,
in vitro assays showed that the level of PIK3C2B expression

was increased after exogenous overexpression of I[QGAP3,
resulting in a promotion of cell invasion ability. Furthermore,
these promotion effects of IQGAP3 overexpression were
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Figure 4 IHC staining of IQGAP3 and PIK3C2B in CRC tissue and Kaplan—Meier survival curves. (A) Typical TMA array images of IQGAP3 and PIK3C2B in CRC tissue and

normal tissue. Original magnification, X100 and x400. (B-D) Kaplan—Meier survival curves of IQGAP3 and PIK3C2B expression in CRC.

blocked by pretransfecting the cells with PIK3C2B siRNA.
Based on IHC, IQGAP3 was positively associated with high
PIK3C2B expression in CRC, and high IQGAP3 expression
and high PIK3C2B expression both correlated with TNM
stage and vessel invasion in human CRC. In addition,
patients with high expression of both IQGAP3 and

PIK3C2B in tumours had the worst prognosis compared
with patients with single-positive or double-negative
tumours.

Considering our previous studies and our current results,
we conclude that IQGAP3 may promote CRC invasion and
progression by regulating PIK3C2B expression and its
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Table 3 Cox Regression and Multivariates Analysis in 120 CRC
Patients

Clinicopathological | 95% Confidential | Hazard | P value
Parameters Interval Ratio

Lower Upper
PIK3C2B expression 1.508 4.737 11.342 0.001
IQGAP3 expression 2.045 6.994 17.991 0.000
Vascular invasion 1.251 3.668 7.707 0.006

associated downstream signaling pathway. Nevertheless, in an
effort to suppress CRC progression, additional research is
needed to determine the exact mechanisms underlying
PIK3C2B-mediated functions in CRC cells, such as the
mechanisms involved in targeting the PIK3C2B pathway in
CRC treatment.

Conclusion

In summary, we performed an integrative analysis of the
IQGAP family in CRC and identified that expression of
IQGAP3 is upregulated in CRC. Furthermore, IQGAP3
may promote CRC invasion and progression by regulating
PIK3C2B expression. Thus, targeting PIK3C2B or the cor-
responding PI3K pathway may serve as a new therapeutic
strategy for CRC patients with high IQGAP3 expression.
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