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ownregulation of IQGAP2
orrelates with Prostate Cancer
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Abstract
IQGAP2 was recently reported as a tumor suppressor of prostate cancer (PC). Nonetheless, its clinical implications
remain unknown. To address this issue, we extracted data related to IQGAP2 mRNA expression and genomic
alterations from multiple large datasets within the Oncomine and cBioPortal databases and performed in silico
analyses to determine a potential association of IQGAP2 mRNA expression and its genomic alterations with PC
progression. In 4 cohorts consisting of 118 normal prostate tissues and 277 PCs, IQGAP2 mRNA expression was
significantly elevated particularly in low-grade (primary Gleason score ≤3) PCs; these changes separate PC from
normal tissues with area under curve values of 0.7-0.8. Significant reductions in IQGAP2 mRNA levels and gene
copy number occurred in more than 70 metastases compared to at least 230 local PCs. This duo-alteration in
IQGAP2 expression supports IQGAP2 elevation suppressing and its downregulation facilitating PC progression.
Deletion and missense mutations were detected in 23 of 492 primary PCs; these alterations significantly associate
with PC recurrence (HR=2.71; 95% CI: 1.35-5.44; P=.005) after adjusting for known risk factors and correlate with
reductions in disease-free survival (DFS, P=.002). IQGAP2 (5q13.3) genomic alterations were observed in SPOP-
marked PCs and co-occurred with deletion in the RN7SK (16p12.2), SNORA50A (16q21), and SNORA50C (17q23.3)
genes; the co-occurrence associated with reductions in DFS (P=4.14e-4). In two independent PC populations,
MSKCC (n=130) and TCGA provisional (n=490), reductions in IQGAP2 mRNA expression were significantly
associated with DFS. Collectively, this investigation reveals an association of IQGAP2 with PC progression.
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troduction
rostate cancer (PC) is the most frequently diagnosed male malignancy
d the second leading cause of cancer-related deaths for men living in
e developed countries [1]. The disease progresses from high-grade
ostatic intraepithelial neoplasia to invasive carcinoma and then to
etastatic tumors with bone being the primary site [2]. Local tumors
e effectively managed through watchful waiting, surgery, and
diation. Approximately one-third of patients will experience
ochemical recurrence (BCR) [3], a condition with increasing risk of
veloping castration-resistant prostate cancer (CRPC) and metastasis
]. Metastatic PCs remain incurable. Improving our understanding of
e mechanisms responsible for PC progression is of critical importance
management of prostate cancer.
The IQ motif GTPase-activating proteins (IQGAPs) consist of
GAP1, IQGAP2, and IQGAP3. These proteins share the identical
ructural features including aCHD (calponin homology domain),WW,
, GRD (RasGAP-related domain), RGCT (RasGAP_C terminus),
d aPI (atypical phosphatidylinositol (3,4,5) binding) domain. Except
eWWmotif, these domains are highly conserved among IQGAPswith
mology ranging from 60% to 93% [5–8]. While individual IQGAP
oteins contribute to diverse physiological processes involving the
dney, brain, heart, pancreas, and lung [9], they all bind Cdc42 and
ac1 GTPase [6,10,11], supporting the existence of highly homologous
mains in IQGAPs. However, IQGAP1 and IQGAP3 (particularly
GAP1) activate the Ras-MAP kinase pathways, receptor tyrosine
nases, Wnt, and other signaling pathways [6,11–13]. Likewise,
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cumulative evidence reveals an oncogenic role of IQGAP1 in multiple
morigenic processes [9,12].
Despite being 62% identical and having an even higher level of
mology to the respective IQGAP1 motifs (except the WW domain)
,11], IQGAP2 suppresses the tumorigenesis of hepatocellular
rcinoma (HCC) [14–16] and gastric cancer [8,17]. Loss of IQGAP2
the mouse liver resulted in activation of the Wnt/β-catanin pathway
5]. Of note, IQGAP2 enhanced E-cadherin expression and repressed
kt activation in PC cells and displayed tumor suppression activity
ward PC [8,18]. However, the contributions of IQGAP2 to
ppression of PC tumorigenesis need to be further studied.
To further investigate IQGAP2-medaited suppression of PC
morigenesis, we took advantage of the rapid development in
ofiling of gene expression and study of cancer genomic alterations
hich result in deposition of a large amount of raw data into well-
ganized databases Oncomine (Compendia Bioscience, Ann Arbor,
I) and cBioPortal [19,20] (http://www.cbioportal.org/index.do) by
traction and analysis of data relevant to IQGAP2 mRNA expression
d genomic alterations. We report here alterations in IQGAP2
rrelating with PC tumorigenesis, recurrence, and metastatic.

aterials and Methods

ncomine
The Oncomine (Compendia Bioscience, Ann Arbor, MI; www.
ocomine.org) database contains publicly available microarray data
multiple tumor types. We have extracted IQGAP2 mRNA
gure 1. Changes in IQGAP2 mRNA expression during prostate cance
ere extracted from the Grasso (A), Lapointe (B), Taylor (C), and Tomlin
rbor, MI) database and analyzed. Means±SD are graphed. Statistical
et: distant metastasis; lym met: lymph metastasis
pression data from four datasets: the Taylor, Grasso, Lapointe, and
omlins datasets [21–24]; data related to IQGAP2 gene copy
mber (GCN) variations were obtained from the Taylor and Grasso
tasets [21,22]. The mRNA data were reported as Log2 Median-
entered ratio, and DNA copy number data were expressed as Log2
py number units in the Oncomine database.

ioPortal
The database consists of 146 sets of cancer genomic data. A variety of
ols are also provided to analyze genomic alterations with respect to
richment and association with disease-free survival (DFS) and overall
rvival (OS). Comprehensive clinical information is available. cBioPortal
9,20] contains 11 PC genomic datasets covering primary PC, CRPC,
d metastasis (http://www.cbioportal.org/index.do). We have analyzed
l PC datasets with focus on the largest one (TCGA provisional)
ntaining 492 primary PCs with sequencing and gene copy number
riation (CNV) determined. Clinical information for all 492 patients
as downloaded for Cox regression analyses.

utoff Point Determination
Cutoff point of IQGAP2 mRNA expression in separation of
current PC was performed with Maximally Selected Rank Statistics
he Maxstat package) in R.

atistical Analysis
Statistical analyses for data extracted from Oncomine were
rformed using GraphPad Prism 5 software. A P value b.05 was
r tumorigenesis and metastasis. IQGAP mRNA expression data
s (D) datasets within the Oncomine (Compendia Bioscience, Ann
analyses were performed using a two-tailed Student's t test. Dist

http://www.cbioportal.org/index.do
http://www.onocomine.org
http://www.onocomine.org
http://www.cbioportal.org/index.do
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nsidered statistically significant. Kaplan-Meier surviving curves and
g-rank test were used to analyze DFS and OS (cBioPortal) for data
lated to genomic changes. Kaplan-Meier surviving curves and log-
nk test were also performed using the R survival package. Univariate
d multivariate Cox proportional-hazards regression analysis was
rformed using SPSS Statistics 23.

esults

Two-Phase Alteration in IQGAP2mRNA Expression Following
C Tumorigenesis and Metastasis
IQGAP2 was recently suggested to possess a tumor surveillance
tivity towards PC tumorigenesis without detailed knowledge on
GAP2 alterations in primary PCs [18]. To examine these changes, we
ok advantage of the available resource of large sets of PC gene
pression raw data deposited in Oncomine, and extracted the data
lated to IQGAP2 mRNA expression from the Grasso, Lapointe,
aylor, and Tomlins datasets [21–24] within the database. In these four
dependent patient cohorts that consist of 188 normal prostate tissues
d 277 local PCs, significant increases in IQGAP2 mRNA expression
ere commonly detected (Figure 1, A-D). An elevation of IQGAP2
RNA level in prostatic intraepithelial neoplasia (PIN), precancerous
sions, over normal prostate tissues was also detected (Figure 1D). We
ve subsequently separated PCs into low-grade tumors with primary
leason score (GS) ≤3 and high-grade carcinomas with primary GS 4-5.
trend reduction in IQGAP2 mRNA expression was observed in high-
ade PCs compared to low-grade PCs in three independent patient
horts (Supplementary Figure 1). These observations are in accordance
ith the reported changes in IQGAP2 protein expression in PINs
d low- and high-grade PCs, a study involving a limited number of
tients (16 normal prostate tissues, 12 PINs, 21 low-grade and 26
gh-grade tumors) [18]. Considering IQGAP2-associated tumor
ppression activity towards PC tumorigenesis, an elevation of
GAP2 expression in PINs and low-grade PCs is likely for
pression of tumorigenesis [18], and its downregulation may ensure
C progression. This possibility is further supported by a dramatic
duction of IQGAP2 mRNA in lymph node (Figure 1B) and distant
etastases (Figure 1, A, C, and D) from local PCs. The levels of
GAP2mRNA inmetastases are no longer higher or likely lower than
normal prostate tissues (Figure 1, A-D).
The reduction of IQGAP2 mRNA expression in metastasis is in
rt attributable to decreases in IQGAP2 GCN. In two independent
tient cohorts (Grasso and Taylor), significant decreases in IQGAP2
gure 2. Reductions in IQGAP2 GCN in PC metastases. IQGAP2 gene
) datasets within the Oncomine database. Means±SD are graphed. S
CN were detected in 72 metastases compared to 238 local PCs
igure 2, A and B).

n association of the early phase of IQGAP2 elevation with PC
morigenesis
Since the early-phase increases in IQGAP2 are likely to counter PC
ogression, we reasoned that the elevation may have some clinical
plications. In line with this possibility, increases in IQGAP2
RNA expression separate prostate carcinomas from normal prostate
ssues with accuracy ranging from 0.7 to 0.8 as measured by area
der the curve (AUC) of receiver operating characteristics (ROC)
rves; similar results were obtained from four independent patient
horts: the Grasso, Lapointe, Taylor, and Tomlins (Figure 3, A-D).

enomic Alterations in the IQGAP2 Gene as an Independent
isk Factor for PC Recurrence
The observed reductions in IQGAP2GCN (Figure 2) reveal genomic
terations in the IQGAP2 gene. To further examine IQGAP2-
sociated genomic alterations, we extracted data related to IQGAP2
nomic changes from all datasets within the cBioPortal database
ttp://www.cbioportal.org/index.do). Deep deletion or homodeletion
as observed in 6.7% (4/59) of metastatic adenocarcinomas (MICH
hort) [22], 4.3% (21/492) of primary PCs (TCGA), and 1.8% (1/56)
56 primary PCs (Broad/Cornell cohort, 2013) [25].Mutations in the
GAP2 genewere observed in 0.4% (2/492) of primary PCs (TCGA),
3% (2/150) of PCmetastases (SU2C) [26], and 0.9% (1/109) of PCs
road/Cornell cohort, 2012) [27] (Supplementary Table 1).
The TCGA (provisional) cohort is the most comprehensive one with
2 primary PCs that have been sequenced and gene CNV determined;
e cohort also has the most number of cases with IQGAP2 genomic
terations: 23 tumors with either IQGAP2 homodelection (21 cases) or
utation (2 cases) (Figure 4A, Supplementary Table 1). We thus
cused our analyses on this cohort. Among 23 tumors with the
GAP2 genomic alterations (Figure 4A), 22 have follow-up data and
e enriched with PC recurrence (10/22=45.5%) in comparison to the
mor populationwithout the alterations (79/463=17.1%) (Figure 4B);
portantly, the alterations significantly correlated with a reduction in
FS (Figure 4B). Furthermore, two patients with metastatic and
GAP2 deleted PC died in 33 and 70 months, respectively, while the

me reaching 50% of deaths in 47 patients withmetastatic PCs without
GAP2 deletion was 97 months (P=.0747, Supplementary Figure 2).
Our previously reported reductions of the IQGAP2 protein [18] and
e currently observed decreases in IQGAP2mRNA in high-grade PCs
copy variation data were extracted from the Grasso (A) and Tayor
tatistical analysis was performed using two-tailed Student t-test.

http://www.cbioportal.org/index.do
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Figure 3. Elevations in IQGAP2 mRNA level in primary PC separate prostate carcinomas from normal prostate tissues. IQGAP mRNA
expression data were extracted from the Grasso (A), Lapointe (B), Taylor (C), and Tomlins (D) datasets within Oncomine (Compendia
Bioscience, Ann Arbor, MI). The respective ROC curves of primary PC versus normal prostate tissues were calculated.
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upplementary Figure 1) indicate that IQGAP2 genomic alterations
ould occur in high-grade PCs. The TCGA cohort consists of 196 PCs
ith primary GS ≤3 and 289 PCs with primary GS 4-5 (Supplementary
able 2); 19 of 22 tumors with the aforementioned IQGAP2 genomic
terations are in high-grade tumors (P=.0128; Supplementary Table 2).
hese observations further support the correlation of IQGAP2 genomic
anges with reduction in DFS (Figure 4B).
PCs with IQGAP2 gene homodeletion and mutation are associated
ith PC recurrence with a hazard ratio (HR) value of 2.68 (95% CI:
389-5.186, P=.003) (Table 1). After adjusting for known risk
ctors (TNM stage, extraprostatic extension, age at diagnosis,
imary GS, and surgical margin), the genomic changes remain a risk
ctor for PC recurrence (HR=2.71, 95% CI: 1.347-5.435, P=.005)
able 1). While the PSA levels at diagnosis are not available, the
CGA cohort includes the most recent PSA for 428 patients. In this
tient group, univariate Cox regression analysis revealed the
sociated risk for PC recurrence for IQGAP2 genomic alterations
ing HR=2.74 (95% CI: 1.414-5.309, P=.003) and for the most
cent PSA being HR=1.049 (95% CI: 1.018-1.081, P=.002); after
justing for the PSA levels, IQGAP2 genomic alterations correlate
ith PC recurrence with an HR value of 2.502 (95% CI: 1.265-
947, P=.008); after adjusting for the above risk factors together
ith the PSA levels, the risk of developing PC recurrence in patients
ith IQGAP2 genomic alterations is HR=2.80 (95% CI: 1.384-
672, P=.004) (data not shown). Collectively, homodeletion and
utations in the IQGAP2 gene are an independent risk factor for
C recurrence.
GAP2-Associated Co-Occurrence in Gene CNVs and Their
orrelation with PC Recurrence
Human IQGAP2 resides at 5q13.3. We have thus examined the top
nes that are located in other chromosomes and with concurrent gene
NV alongside the IQGAP2 genomic alterations. We notice three
ncoding small RNA genes in this regard (Table 2, Figure 5A).
ORA50A and SNORA50C are small nucleolar RNA, H/ACA Box
A and C with function unknown (PubMed). RN7SK is a small
clear RNA; it downregulates transcription via inhibiting Cdk9/cyclin
-mediated phosphorylation of the RNA polymerase II C-terminal
main [28,29]. RN7SK will thus likely inhibit cell proliferation.
While the functionality of the co-alterations remains to be
ucidated, the co-occurrence of genes residing in different
romosomes (Table 2, Figure 5A) suggests its clinical significance.
deed, changes in this group of genes (Figure 5A) robustly correlate
ith reductions in DFS (Figure 5B); the changes are a risk factor for
recurrence (HR: 2.67, 95% CI: 1.507-4.726, P=.001) and an

dependent factor after adjusting for TNM stage, extraprostatic
tension, age at diagnosis, primary GS, and surgical margin with an
R of 2.414 (95% CI: 1.317-4.425, P=.004).

lustering of IQGAP2 mutations at its C-terminus
There are four missence and one missense+frame shift (fs)
utations detected in three PC datasets within cBioPortal: A1329V
d V1557L in primary PC (TCGA), K1177Nfs*25 and L1236F in
etastases (SU2C), and K1532Q in primary PC (Broad/Cornell,
12) (Supplementary Table 1, Figure 6A). Both K1177Nfs*25 and
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Figure 4. Genomic alterations in the IQGAP2 gene associate with a reduction in DFS. Data were extracted from the TCGA dataset within
the cBioPortal database [19,20]. (A) Deep deletion (homodeletion) and missense mutations in the IQGAP2 gene are indicated. Disease
status is also included. Each individual bar represents a single patient. The cohort contains 492 tumors with genomic sequence and
gene CNVs determined. Only those patients with IQGAP2 genomic alterations and a limited number of patients without the alterations are
shown. (B) DFS in patients with and without IQGAP2 genomic alterations in their tumors was analyzed using Kaplan-Meier survival curve.
Statistical analysis was performed using log-rank test. Total#: total number of cases; relap#: number of relapsed cases; MMDFS:
median months of disease-free survival; NA: not available. Censored individuals are indicated; the number of censored individuals is the
total individuals minus relapsed patients.
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1236F occur in the GRD domain of (Figure 6A), and L1236F is
tected in the newly identified Ex domain (residues 1204-1246) of
GAP2 (Figure 6A) that provides an additional binding site for
dc42 [30]. While A1329V is in an N-terminal region adjacent to
V
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ble 1. Univariate and Multivariate Cox Regression Analysis for the DFS in PC Patients

inical Variables n * Univariate Multivariate

HR CI (95%) P Value HR CI (95%) P Value #

GAP2 Alt †

0 462
1 23 2.684 1.389-5.186 0.003 2.706 1.347-5.435 0.005
M stage ‡

I or II 189
III or IV 296 3.398 1.945-5.934 b0.0001 2.218 1.197-4.110 0.011
tra Pro Ext §

0 183
1 13 1.58 0.49-5.089 0.444 0.935 0.599-1.461 0.769
e at diagnosis 473 1.025 0.993-1.508 0.135 0.996 0.963-1.030 0.802
imary GS 473 2.424 1.747-3.361 b0.0001 1.841 1.264-2.683 0.001
argin status ¶

0 310
1 146 1.337 0.324-5.519 0.688 1.997 0.480-8.315 0.342

* Number of indicated cases.
† Genomic alterations (homodeletion and mutation) in the IQGAP2 gene.
‡ Six cases with stage not available have been grouped in the I or II category.
§ Extraprostatic extension; there were 289 cases with the extension status not available (NA).
¶ Surgical margin status; 2 cases marked unknown (N), 10 cases with the status NA, and 16 cases were Rx.
# P values were derived from multivariate Cox regression with other factors adjusted.
e RGCT domain (Figure 6A), both K1532Q and V1557L are in
e aPI domain (Figure 6A), a motif required for the assocaition of
GAP2 with cell membrane [7]. Except for K1177 that is conserved
ong IQGA1-3, other four residues, L1236, A1329, K1532, and

1557, are unique to IQGAP2 (Figure 6B). Among these mutants,
1329V and V1557L were detected in recurred PCs (Figure 6A),
hile K1177Nfs*25 and L1236F occurred in bone metastases
upplementary Table 1, footnote 7). Collectively, evidence suggests
at the clustering of thesemutations in theC-terminal region (Figure 6A)
pairs IQGAP2 function.

clusion of prostate carcinomas with the IQGAP2 genomic
terations within the SPOP subtype
Genomic alterations generally group PCs into the ETS gene fusion,
which the TMPRSS3-ERG fusion is the prodominant subtype,
d the SPOP, FOXA1, or IDH1 mutation family [31]. The SPOP
utations and ERG rearrangement occur in a mutually exclusive
anner [27,32]. Importantly, SPOP functions in the homologous
combination-based repair of double-strand DNA breaks [33]; its
utations will resuslt in genome instability. With this knowledge, we
und a robust enrichment between IQGAP2 genomic changes and
OP mutations (Table 2, Figure 7). SPOP mutations commonly
-occur with a loss of the MAP3K7 and CHD1 genes [27,32]. In
is regard, alterations in the IQGAP2 gene occur alongside
modeletions and mutations in both MAP3K7 and CHD1 genes
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Table 2. The Co-Occurrence of Copy Number Alteration with IQGAP2 Genomic Alterations *

Gene Locus Altered Group Unchanged Group Log R † P Value q Value

SNORA50C 17q23.3 20 (86.96%) ‡ 6 (1.28%) § 6.09 2.05e-27 6.08e-25
SNORA50A 16q21 20 (86.96%) 9 (1.92%) 5.5 8.74e-26 1.7e-23
RN7SK 6p12.2 20 (86.96%) 10 (2.13%) 5.35 2.61e-25 4.82e-23
SPOP 17q21.33 16 (69.57%) 39 (8.32%) 3.06 9.42e-12 1.05e-7

P values were determined by Fisher exact test (cBioPortal).
q values were derived from Benjamini-Hochberg procedure (cBioPortal).

* IQGAP2 genomic alterations include homodeletion and missense mutations.
† Log2-based ratio of percentage in altered group/percentage in unchanged group.
‡ Number of cases with CNV/number of cases with IQGAP2 genomic alterations (23) × 100; for

example, the % for SNORA50C is 20/23 × 100 = 86.96%.
§ Number of cases with CNV/case numbers without IQGAP2 genomic alterations (492 − 23=469); for

example, the % for SNORA50C is 6/469 × 100 = 1.28%.
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b.001; log odds ratio N3) (Figure 7). Furthermore, IQGAP2 genomic
anges do not display co-occurance with either FOXA1 (P=.136) or
H1 (P=.062) genomic alterations (amplification, deletion, and
utation).

orrelation of Reductions in IQGAP2 mRNA Expression with
C Recurrence
IQGAP2 possesses tumor suppression activity towards PC [8,18],
dicative of an association of IQGAP2 downregulation with poor
ognosis of patients with PC. To test this possibility, we extracted
GAP2 mRNA expression data and the follow-up data on PC
gure 5. Genomic alterations in the IQGAP2, SNORA50C, SNORA50A
tracted from the TCGA dataset within the cBioPortal database [19,20]
) were determined. Statistical analysis was performed using log-rank
ses; MMDFS: median months of disease-free survival; NA: not availa
dividuals is the total individuals minus relapsed patients.
currence (BCR) from two independent datasets from cBioportal:
CGA provisional (n=490) and MSKCC (n=140). We then
termined the cutoff points to separate the recurrent PCs from
nrecurrent tumors in both datasets using the Maximally Selected
ank Statistics (theMaxstat package in R) (Supplementary Figure 3).
s with IQGAP2 mRNA expression b the respective cutoff point in
ch dataset were assigned a binary code “1” (cutoff point positive),
d PCs with IQGAP2 mRNA expression ≥ the cutoff point were
ven “0” (cutoff point negative). In both cohorts, PCs with IQGAP2
RNA expression below the cutoff point (cutoff point positive) were
sociated with a significant reduction in DFS compared to PCs
pressing IQGAP2 above the cutoff point (cutoff point negative)
igure 8). In the two independent cohorts, IQGAP2 mRNA
pression was determined using two different approaches: RNA
quencing for the TCGA dataset and microarray analysis for the
SKCC cohort. Thus, the demonstration of association between PC
currence and decreases in IQGAP2 mRNA expression in two
dependent cohorts in which IQGAP2 mRNA expression was
easured with different experimental systems validated the relevance
IQGAP2 downregulation in PC recurrence.

iscussion
his report provides the first thorough characterization of IQGAP2
terations during PC pathogenesis and progression. Consistent with
eviously reported increases in the IQGAP2 protein in low-grade
, and RN7SK genes correlate with reductions in DFS. Data were
. Genomic alterations in these genes (A) and their effects on DFS
test. Total#: total number of cases; relap#: number of relapsed
ble. Censored individuals are indicated; the number of censored
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Figure 6. Clustering of mutations in a C-terminal region of IQGAP2. IQGAP2 mutation data were extracted from the TCGA, SU2C [26], and
Broad/Cornell (2012) [27] datasets within the cBioPortal database [19,20]. (A) An illustration of IQGAP2 domain organization with sites of
mutation indicated. The CRD contains “extra domain sequences” (ExDS) in two regions: residues 875-914 and 1204-1246 [30]; for
simplicity, only one regions is shown. aPI is atypical phosphatidylinositol (3,4,5) binding domain [7]. CHD: calponin homology domain;
GRD: RasGAP-related domain; and RGCT: RasGAP_C terminus. The locations of individual mutations are indicated. K1177Nfs*25:
substitution of K117 with N and frame shift with a stop codon formed at position 25. (B) Alignment among IQGAP1-3 was determined
using the Clustal Omega program of EMBL-EBI (http://www.ebi.ac.uk/Tools/msa/clustalo/). Only the regions containing five IQGAP2
mutations are included. Red residues indicate K1177, L1236, A1329, K1532, and V1557 for IQGAP2; these residues are mutated in PC.
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Cs, we confirmed this elevation at the mRNA level in four relatively
rge and independent cohorts (Figure 1). More importantly, this
evation can diagnose PC with AUC values ranging from 0.7 to 0.8
igure 3). Considering that PSA is the only clinical biomarker used
PC diagnosis with an AUC approximately 0.57 [34], the elevation
IQGAP2 can be explored for PC diagnosis in future. This
plication is appealing as the elevation is likely a functional
nsequence of PC progression. Nonetheless, the mechanisms
derlying IQGAP2 upregulation need to be elucidated in future.
Evidence suggests that deletion in the IQGAP2 gene is a
echanism for its downregulation in high-grade PCs (Supplementary
gure 7. Prostate cancers with IQGAP2 genomic alterations are withi
taset within the cBioPortal database [19,20]. Genomic alterations in t
dicated changes are included. The co-occurrence between IQGAP2 ge
CHD1 was at Pb.001 (Fisher’s exact test) and log odds ratio N3.
able 2). The deletion correlates with a reduction in DFS (P=.033,
ta not shown). Although the number of patients is very limited, the
pid kinetics of death in patients with metastatic PCs in which the
GAP2 gene was deleted (Supplementary Figure 2) supports a
le of the deletion in promoting PC progression. It should be
inted out that in the cohort of 218 patients consisting of 181
imary tumors, no IQGAP2 mutations and CNV were detected [21]
ee the MSKCC, Cancer Cell 2010 dataset within cBioPortal).
terestingly, there were also no SPOP mutations and CNV for
ORA50A, SNORA50C, and RN7SK (data not shown) in the
SKCC cohort, suggesting that the difference in IQGAP2 genomic
n the SPOP subtype of PC. Data were extracted from the TCGA
he indicated genes are shown. Largely, only the tumors with the
nomic changes with the indicated alterations in SPOP,MAP3K7,
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Figure 8.Downregulationof IQGAP2mRNAexpression is associatedwith a reduction indisease free survival in patientswithprostate cancer.
IQGAP2 mRNA data from the TCGA and MSKCC dataset (cBioPortal) were estimated for a cutoff point (see Supplementary Figure 3 for
details). Kaplan-Meier survival analysis of PCs classified according to the cutoff pointwas performed for the TCGA (A) andMSKCCdataset (B).
MMDF: median months disease free; NA: not available as MMDF not reached. Kaplan-Meier and log-rank tests were carried out with the R
survival Package.
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anges in both cohorts was likely due to differences in PC subtypes.
onetheless, downregulation of IQGAP2 expression in both TCGA
d MSKCC cohorts is associated with PC recurrence (Figure 8).
The co-occurrence of CNV for SNORA50A, SNORA50C, and
N7SK with the IQGAP2 genomic alterations (Table 2) suggests the
ncoding RNAs coordinating with IQGAP2 in suppression of PC
ogression. The candidate genes regulated by these RNAs need future
vestigations. Since Cdk9 contributes to androgen receptor (AR)
nction via phosphorylating AR at serine 81 [35], RN7SK may repress
R signaling via inhibiting Cdk9 function [28,29]. Nonetheless, the
served co-changes in IQGAP2, SNORA50A, SNORA50C, and
7SK genesmay be developed into a diagnostic tool for PC recurrence.
Finally, IQGAP2 GCN increases (amplification) can be detected in
o CRPC datasets [36,37] within cBioPortal [19,20] (Supplementary
able 1). The function of this alteration and its clinical significance
main to be explored in the future.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.tranon.2018.10.009.
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