
Purpose: Clear cell renal cell carcinoma (ccRCC) is char-
acterized with frequent mutations of SETD2 gene and our 
purpose was to explore targeted therapy for this entity. 
Methods: By bioinformatic investigation of two major da-
tabases, the Genomics of Drug Sensitivity in Cancer (GDSC) 
database and The Cancer Genome Atlas (TCGA) database, 
we identified the selective PI3Kβ inhibitors TGX221 and 
AZD6482 as selective inhibitors for ccRCC with SETD2 mu-
tations, with AZD6482 additionally targeting PIK3CA and 
CDK6 mutations. 

Results: Further investigation on AZD6482 profile revealed 
that mutations in RB1, KRAS, NRAS and APC contributed 
in drug resistance. Changes in both AZD6482-sensitive and 
-resistant gene sets showed limited impact on prognosis.    

Western blotting showed AZD6482 did not induce changes 
in a panel of major downstream effectors of AKT, but sub-
stantially increased PMS2 level. AZD6482 also selectively 
inhibited migration, invasiveness, and colony formation of 
ccRCC cells with SETD2 mutations. Integrative network 
analysis revealed complex interactions between these genes 
except SETD2. 

Conclusion: AZD6482 is a novel inhibitor with high se-
lectivity for ccRCC SETD2 mutations. Increased activity 
of PI3K/AKT/PMS2 could play a role in SETD2 mutated 
ccRCC.
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ccRCC is the predominant subtype of RCC 
characterized by distinct underlying gene muta-
tions [1]. Recent reports using novel sequencing 
techniques have identified inactivation of histone 
modifying genes, including PBRM1, BAP1, and 
SETD2, distinguishing a new subtype of ccRCC [2-
4]. SETD2 is suggested to mediate DNA mismatch 
repair (MMR), homologous recombination repair 
(HRR), and DNA double-strand break (DSB) repair 
[5-8]. All this evidence indicates a role of SETD2 
in DNA damage response (DDR).

Current targeted therapies for metastatic 
ccRCC are mainly tyrosine kinase inhibitors tar-
geting angiogenesis rather than the cancer cell 
itself, conferring limited effect and intolerance 
due to major adverse events [9]. Application of 

rapalogs that targets the mechanistic target of 
rapamycin (mTOR) of the RCC cells appeared even 
less promising, prolonging roughly 4 months of 
overall survival (OS) [10]. Therefore, finding novel 
agents targeting signature mutations in ccRCC in 
the era of big data and next generation sequenc-
ing techniques could not only increase the treat-
ment efficacy but reduce the off-target side effects 
as well. Taking advantage of recently released 
large databases of cancer genomics and drug sen-
sitivity that encompass whole genome or exome 
sequencing, we are now able to inspect mutations 
or copy number variance (CNV) of most genes and 
screen for potential targeted agents.

Previous studies investigated two major can-
cer genetic databases, The TCGA and GDSC, and 
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identified PI3Kβ inhibitor TGX221 as a poten-
tial therapeutic agent for SETD2-mutated ccRCC 
[11,12]. In order to further understand the mech-
anism of PI3K involvement in SETD2 gene func-
tion, we performed the current study investigat-
ing the PI3Kβ inhibitor AZD6482 in ccRCC with 
SETD2 mutation.

Methods

Data mining and analysis of TCGA and GDSC database

Current targeted therapies of metastatic ccRCC 
conferred limited improvement to survival and could 
easily induce drug resistance. Also, the first-line tar-
geted agents for ccRCC targeted the neovascularization 
but not the tumor cells themselves. With the scope of 
minimizing off-target effects and find potent tumor 
inhibitors, we studied the GDSC database to find po-
tential selective compounds. We searched drugs with 
significant selectivity to the recently found frequently 
mutated genes in ccRCC including SETD2, BAP1, and 
PBRM1, whilst solely SETD2 mutation was found in 
the database. 

Reproduction of TCGA and GDSC databases was 
reported previously [11]. Full permission to reproduce 
the data was acquired from submitter of each database 
[13-15]. The TCGA renal clear cell carcinoma (KIRC) da-
tabase was analysed on the cBioPortal platform (http://
www.cbioportal.org/). We captured data from the Pro-
visional subset, which contained 537 samples in which 
413 tumors were completely analysed for somatic 
mutations, putative copy-number alterations, mRNA 
expression by RNA-seq, and protein/phosphoprotein 
level detected with reverse phase protein array (RPPA) 
[16,17]. The GDSC project is a collaboration of multiple 
institutes that investigated cancer genomics for sensi-
tivity to a variety of compounds and data released are 
fully accessible and reproducible [15]. As per our previ-
ous report [11], we analysed the online GDSC data pro-
cessing platform [18], where the volcano plots, scatter 
plots, and the Mann-Whitney-Wilcoxon (MWW) tests 
were generated. 

Cell culture and proliferation

The A498 and 786O renal cancer cells were ac-
quired from the American Type Culture Collection 
(ATCC) and were cultured in RPMI-1640 medium with 
20% foetal bovine serum (Gibco, Carlsbad, CA, USA). 
AZD6482 was acquired from Santa Cruz Biotechnolo-
gy,Inc. (Santa Cruz, CA, USA). Proliferation was studied 
using crystal violet assay as previously reported [11]. 
Briefly, cells were seeded in 96-well plates and were 
treated with single dose of drug or control agent. Cells 
were then cultured for 72 hrs and subjected to formalin 
fixation. After several washes, cells were stained using 
crystal violet, which were later dissolved using metha-
nol. Proliferation was profiled by absorption at 540 nm 
read on plate reader.

Western blotting

Blotting was performed as per previous reports 
[19,20]. Total protein of lysates was extracted and load-
ed onto 10% sodium dodecyl sulphate polyacrylamide 
gel for electrophoresis. The separated proteins were 
transferred to nitrocellulose membrane. The mem-
branes were blocked for 1 h with 5% non-fat milk. The 
primary antibodies  SETD2 (Abnova, Taipei, Taiwan), p/
tAKT (S473, Cell Signaling, Danvers, MA, USA), PMS2 
(Abcam, Cambridge, MA, USA), MDM2 (Abcam), pBAD 
(S99, Abcam), pNFκB (Santa Cruz), pmTOR (Cell Signa-
ling), pGSK3β (Cell Signaling), pFKHR (Sigma Aldrich, 
Shanghai, China) were then added and membranes 
were kept at 4°C overnight. Horseradish-coupled sec-
ondary antibodies (Cell Signaling) were used to detect 
the bands.

Migration and invasion assay

Migration and invasion assay were performed 
according to previous reports. Briefly, 786O and A498 
cells were seeded in the top chamber of the Transwell 
inserts, which were coated with Matrigel for invasion 
assay and uncoated for migration assay. Complete me-
dium was added to the lower chamber and cells were 
then incubated. Inserts were harvested and cells pen-
etrated the membrane were stained with crystal violet 
and were counted microscopically. The average num-
ber of cells in three high power fields was calculated. 
All assays were done in triplicate.

Colony formation assay

Soft agar assay was used to study the ability of 
colony formation of cells. Briefly, 1,000 786O or A498 
cells were resuspended in complete medium mixed 
with 0.4 % Noble agar. The mixture was placed on top 
of the similar mixture consisting of complete medium 
and 0.6% of agar on 60-mm plates. Complete medium 
containing treatment and control drug was added at the 
upmost layer and was changed every 3 days. After 2 
weeks of culture, plates were stained with crystal violet 
and colonies were counted microscopically.

Statistics 

In silico statistical analysis of the TCGA data was 
automatically performed by the cBioPortal platform. 
For mRNA data and protein and phosphoprotein data, z 
scores were precomputed from the expression values. 
The z-scores for mRNA expression were determined 
for each sample by comparing a gene’s mRNA expres-
sion to the distribution in a reference population that 
represented typical expression for the gene. If expres-
sion data were available for normal adjacent tissues, 
these data were used as the reference population; oth-
erwise, expression values of all tumors that were dip-
loid for the gene were used. For each available protein 
or phosphoprotein, cBioPortal performed a two-sided, 
two-sample Student’s t-test to identify differences in 
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protein abundance between tumor samples that had at 
least one event (alteration) in one of the query genes. 
The results were displayed as a list of proteins or phos-
phoproteins, ranked by their difference in abundance 
between altered and unaltered samples. In the co-ex-
pression analysis, the Pearson’s correlations were com-
puted first. For genes with a correlation greater than 
0.3 or less than -0.3, the Spearman’s correlations were 
also computed. In our study, only gene pairs with val-
ues > 0.3 or <0.3 in both measures were accepted. All in 
vitro assays were run in triplicate in three independent 
experiments. A p value of <0.05 was accepted as statis-
tically significant.

Results

Cancer cells with mutated SETD2 are sensitive to 
AZD6482

There were 4 hits for SETD2 mutation, among 

which both TGX221 and AZD6482 were PI3Kβ 
inhibitors (Figure 1A). We then studied the tis-
sue specificity of AZD6482 and found that only 
renal cell carcinoma harbors SETD2 mutation in 
the GDSC database. In addition, we found that 
AZD6482 could also selectively inhibit cancer 
cells with mutations in PIK3CA and CDK6 (Figure 
1B-D). These two genes also played critical roles 
in cancer development. Together, we found that 
AZD6482 selectively inhibits cancer cells with 
SETD2, PIK3CB and CDK6 mutations. These find-
ings encouraged us to further study the mutation 
frequencies of these genes in ccRCC patients.

Genetic alteration in SETD2, PIK3CA and APC are 
common in ccRCC

It was well established that VHL mutations 
played pivotal roles both in hereditary and sporad-

Figure 1. RCC cells with mutant SETD2 were sensitive to AZD6482, reproduced from the Genomics of Drug 
Sensitivity in Cancer (GDSC) database. (A): Compounds sensitive and resistant to SETD2 mutation; (B): Volcano 
plotting showing gene mutations marked in green as sensitive to AZD6482; Scattered plotting showing prolifer-
ation of cancer cells with (C) PIK3CA or (D) CDK6 mutation.
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ic ccRCC. Recent studies discovered high frequen-
cy of mutant SETD2, PBRM1, and BAP1, which 
were involved in chromatin modulation ccRCC as 
well [3]. Our reproduction of TCGA data confirmed 
frequent genetic alteration in SETD2 status by mu-
tation, CNV or downregulation (~18%) in ccRCC 
(Figure 2A). We also found that truncating mu-
tations were predominant in SETD2 (Figure 2A). 
We then studied genetic alterations in all genes 
associated with AZD6482 sensitivity as shown in 
GDSC (Figure 1B). Mutation and arm level chang-
es were more commonly seen in PIK3CA, CDK6 
and APC. Expressions of these genes were gener-
ally upregulated in ccRCC (Figure 2A). However, 
mutation and CNV in KRAS, NRAS, and RB1 were 
uncommon. For SETD2 and PIK3CA, deletion and 
amplification were associated with decreased and 

increased mRNA expression, respectively (Figure 
2B,C). We showed that SETD2 mutation and de-
letion were common in ccRCC, and even the un-
changed cases could show downregulation of the 
gene. Though not as common, changes in PIK3CA 
and APC and CDK6 were mainly amplification and 
upregulation.

AZD6482 –sensitive and –resistant gene set in ccRCC

As mentioned before, off-target effects gener-
ated unfavorable adverse events that could often 
be so intense that targeted treatment in mRCC 
patients was forced to cease [21]. We therefore 
studied the clinical contributions of targets other 
than SETD2 in ccRCC. Interestingly, neither the 
AZD6482–sensitive (SETD2, PIK3CA, and CDK6) 
nor –resistant (RB1, NRAS, KRAS, and APC) gene 

Figure 2. Somatic mutation in SETD2 is common in renal cell carcinoma. Reproduction of The Cancer Genome 
Atlas (TCGA) database showing (A): frequencies and types of mutations in SETD2 and other AZD6482 sensitiv-
ity associated genes in ccRCC patients. Correlation between mRNA expression measured by RNA-seq and copy 
number variance of (B): SETD2, and (C): PIK3CA with lower boxes showing mutation loci within each gene.
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set changes were associated with prognosis (Fig-
ure 3A,B). We then used network analysis to inves-
tigate the potential link between the genes within 
the gene set. Interestingly, no solid association 
between SETD2, PIK3CA, and CKD6 was observed 
in ccRCC (Figure 3C). Nonetheless, although less 
commonly altered in ccRCC, there were more lucid 
associations between the genes (Figure 3D). We 
noticed that alteration in AZD6482 sensitivity-re-
lated gene sets in ccRCC did not impact prognosis. 
The fact that SETD2 mutated cells were sensitive 
to PI3Kβ inhibitor and lacked direct gene-gene in-
teraction between SETD2 and PIK3CA indicated a 
more complex signalling.

AZD6482 selectively inhibits RCC with mutated 
SETD2

As per our results computed from 2 solid da-
tabases, we further studied the effect of AZD6482 
on kidney cells with different genetic background. 
We first confirmed that A498 RCC cell line har-
bored mutation in SETD2 and 786O had wild-type 
SETD2 (Figure 4A). We then found that AZD6482 
decreased AKT phosphorylation in A498 cells but 
not in 786O cells (Figure 4A). We therefore studied 
a panel of well-established downstream effectors 
of AKT. Interestingly, only PMS2 showed substan-
tial changes in SETD2 mutated A498 cells treated 
by AZD6482 (Figure 4A). AZD6482 demonstrated 
strong selectivity for A498 cells in comparison 
to 786O cells with regard to proliferation (Figure 
4B). The inhibitory effect of AZD6482 in both mi-
gration and invasiveness were also significant in 
A498 cells, whereas in 786O cells the inhibition 

Figure 3. AZD6482–sensitive and –resistant gene set in ccRCC. Reproduction of The Cancer Genome Atlas 
(TCGA) database showing (A) neither the AZD6482–sensitive (SETD2, PIK3CA, and CDK6) nor (B)–resistant 
(RB1, NRAS, KRAS, and APC) gene set changes were associated with prognosis. Network analysis showing 
interactions between AZD6482 –sensitive (C) (SETD2, PIK3CA, and CDK6) and resistant (D) (RB1, NRAS, KRAS, 
and APC) gene set.
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was insignificant (Figure 4C). Similarly, AZD6482 
did not inhibit the colony formation of 786O cells 
but significantly decreased colony forming ability 
of A498 cells (Figure 4D). Together, we used in 
vitro assays to confirm that AZD6482 selectively 
inhibited RCC cells with SETD2 mutation. 

Discussion

In the current study, we have used 2 major 
databases to identify a compound, AZD6482, that 
is not previously studied in ccRCC and has strong 
selectivity for tumors having SETD2, PIK3CA, 
and CDK6 mutations. Distinctive from anti-an-
giogenic agents that target the neovasculature 
resultant from uncurbed HIF expression in VHL 
mutated cases, a compound that targets the so-
matic mutation of RCC tumor cell itself appears 
intriguing. It is confounding that the selectivity 

for SETD2 mutation could be conferred by PI3Kβ 
inhibitors in RCC. Amongst the 4 most common 
gene mutations located on 3p, SETD2 together 
with PBRM1 and BAP1 has merely been identified 
recently. SETD2 functions in the epigenetic reg-
ulation of a series of gene expression in, but not 
limited to RCC [22,25]. In another study that also 
reproduced TCGA KIRC data, SETD2 was associat-
ed with worse cancer specific survival (CSS) [23]. 
Lack of insight of the biological effect of SETD2 
solely entitles it as a novel class disease marker 
and less as a treatment target in ccRCC. To date, 
there have not been reports on the targeted ther-
apy for SETD2 in any cancer types, let alone RCC. 
Therefore, the selectivity of PI3Kβ inhibitors for 
SETD2 implies an inherent connection between 
SETD2 and PI3K signalling.

Besides the selectivity TGX221 also targets 
PIK3CA and CDK6 mutations that, albeit not com-

Figure 4. TGX221 selectively inhibits ccRCC with mutated SETD2. (A): Application of AZD6482 in SETD2-wild 
type 786O cells and in SETD2-mutated A498 RCC cells showing selective inhibition of phosphorylation of AKT 
and PMS2 in A498 cells; Compared with 786O cells, TGX221 selectively inhibits the (B) proliferation; (C) inva-
siveness and migration, and (D) colony formation in A498 cells (**p < 0.01). 
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mon in ccRCC, play critical roles in a variety of 
cancers [24,25]. Selective PI3Kβ inhibitors, like 
TGX221 and KIN193, are known to be sensitive in 
PTEN mutant cells and are thought to minimize 
the side effects caused by pan-PI3K inhibitors 
and p110α-selective inhibitors [26,27]. It is thus 
intriguing that PTEN was merely mutant in 4% 
of ccRCC patients [13], whereas TGX221 has not 
been reported to be selective to other mutations. 
Also, mutation in PIK3CB was only detected in 1 
patient in TCGA KIRC, in contrast to the common-
ly altered PI3K pathway in which PIK3CA had 
high-level amplification [2]. In our study, PIK3CA 
was shown to be altered in ~7% of ccRCC patients. 
Although the frequency for mutation/CNV was 
even lower, we surmise that SETD2 is implicat-
ed in the PI3K signalling and have subsequently 
found that PMS2 was associated with PI3Κ activ-
ity. As one of the critical factors in the MMR ma-
chinery, lowered PMS2 could potentially lead to 
impaired integrity and functional loss of MMR. 

SETD2 has been shown to be indispensable for 
the localization or the critical MMR component 
MSH6. Lack of SETD2 and the resultant decreased 
trimethylation of H3K36 may cause impaired 
MMR machinery [6]. Previous reports showed that 
in ccRCC with silenced SETD2, cases with SETD2 
deletion were in close association with loss of 
MLH1, another MMR component, which interacts 
with PMS2 [11,12]. Feng et al. also showed that 
loss of MLH1 could confer resistance to TGX221. 
In reminiscence of the recent studies [7,11,12] it is 
possible that SETD2 is associated with MMR and 
genomic stability via multiple routes. In order to 
validate our speculation, we performed the com-
puted network analysis from KIRC, which shows 
in the core of the network RB1 and PIK3CA build-
ing up interactions between CDK6, APC, NRAS, 
KRAS but not SETD2 (Figure 5). These deductive 
or computed interactions, though intuit us how 
these genes could interact in ccRCC to maintain 
tumor characteristics, still warrant insightful 

Figure 5. Network analysis from The Cancer Genome Atlas (TCGA) database showing that a complicated net-
work existed connecting PIK3CA, CDK6, RB1, NRAS, KRAS, and APC, whilst leaving SETD2 unrelated.
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studies to elucidate both the pharmacological 
mechanisms of AZD6482 and other PI3Kβ inhibi-
tors and the interplays between common genetic 
and genomic variances in kidney cancer. 

Conclusion

ccRCCs have been characterized with frequent 

mutation in SETD2. We have found via GDSE da-
tabase that AZD6482 is a selective inhibitor for 
cancer cells with SETD2 mutation. Further study 
showed that AZD6482 significantly inhibits ccRCC 
with SETD2 mutation. Increased PI3K/AKT/PMS2 
activity could play a role in SETD2 mutated ccRCC, 
indicating the involvement of MMR impairment 
in the setting of SETD2 mutation.
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