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Loss of chromosome 3p and loss of heterogeneity of the von Hippel–
Lindau (VHL) gene are common characteristics of clear cell renal cell car-

cinoma (ccRCC). Despite frequent mutations on VHL, a fraction of

tumors still grows with the expression of wild-type (WT) VHL and evolve

into an aggressive subtype. Additionally, mutations on chromatin-

modifying genes, such as the gene coding for the histone methyltransferase

SET containing domain 2 (SETD2), are essential to ccRCC evolution. We

previously identified STF-62247, a small molecule first discovered as a syn-

thetically lethal molecule for VHL-deficient cells by blocking late stages of

autophagy. This study investigated how other commonly mutated genes in

ccRCC could impact the response to STF-62247. We showed that SETD2

inactivation in ccRCC cells expressing WT-VHL became vulnerable to

STF-62247, as indicated by decreases in cell proliferation and survival.

Furthermore, activation of the DNA damage response pathway leads to

the loss of M-phase inducer phosphatase 1 (CDC25A) and cell cycle arrest

in S phase. Cleavage of both caspase-3 and gasdermin E suggests that

STF-62247 eliminates WT-VHL ccRCC cells through pyroptosis specifi-

cally when SETD2 is inactivated.

1. Introduction

Renal cell carcinoma (RCC) is the most prevalent type

of kidney cancer, with clear cell renal cell carcinoma

(ccRCC) being the most common histological subtype

[1]. For many years, ccRCCs have been characterized

by their well-known loss of chromosome 3p followed by

the inactivation of the tumor suppressor gene von

Hippel–Lindau (VHL), found on chromosome 3p25.3

[2,3]. The VHL protein is part of an E3 ubiquitin ligase
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complex widely studied for its regulation of

hypoxia-inducible factors (HIFs) [4]. In addition to the

loss of heterozygosity brought by the alteration of chro-

mosome 3p, the VHL gene can be inactivated by hyper-

methylation of its promoter or by mutations [5,6]. On

the other hand, ccRCCs can occasionally grow with a

wild-type (WT) VHL gene, which is characteristic of an

aggressive subtype [7]. This was further highlighted by

the prospective and longitudinal study TRAcking Can-

cer Evolution through therapy (Rx) (TRACERx) Renal

in which one of the seven ccRCC evolutionary subtypes

presented is characterized by the presence of WT-VHL

[8]. Mutations of three other tumor suppressor genes,

breast cancer gene 1 (BRCA1)-associated protein-1

(BAP1), polybromo 1 (PBRM1) & SET domain con-

taining 2 (SETD2), also all found on chromosomes 3p,

play important roles as drivers in the evolution of many

of these seven subtypes.

SETD2 is canonically known as a histone methyl-

transferase, catalyzing histone H3 trimethylation on

lysine 36 (H3K36me3) [9]. Indeed, many SETD2 func-

tions, such as transcriptional regulation, alternative

splicing, DNA repair, and replication, are linked to

H3K36me3 [10,11]. More recently, it has been discov-

ered that SETD2 has H3K36me3-independent func-

tions, which are related to nonhistone targets such as

enhancer of zeste 2 polycomb repressive complex 2

subunit (EZH2), signal transducer and activator of

transcription 1 (STAT1), a-tubulin, actin, and FAK

family kinase-interacting protein of 200 kDa (FIP200)

[12–16]. Importantly, SETD2 mutations are found in a

wide range of cancers, including colorectal and lung

cancer [17]. In ccRCC, SETD2 is mutated in approxi-

mately 10–15% of cases, with its loss being associated

with a worse prognosis [18,19].

In the early stages, surgery is the primary curative

therapeutic approach used for kidney cancer. However,

for advanced RCC, treatment options typically include

immunotherapy [anti-programmed cell death protein 1

(PD-1) and anti-cytotoxic T-lymphocyte-associated pro-

tein 4 (CTLA-4) antibodies], or targeted therapy [vascu-

lar endothelial growth factor (VEGF)/VEGF receptor

(VEGFR) or mTOR inhibitors] mostly in combination

[20]. Despite advancements in therapeutic approaches,

metastatic RCCs frequently resist or develop resistance

to these therapies, highlighting the importance of finding

new ways to bypass or completely avoid that resistance.

With a synthetic lethality screening of 64 000 molecules,

our previous work demonstrated the capacity to elimi-

nate VHL-deficient cells with the small molecule STF-

62247 by disrupting the autophagic process [21]. With

establishment of new tools to characterize the autopha-

gic flux, we reported that STF-62247 is blocking late

stages of autophagy, specifically lysosome fission, which

results in swelling of endolysosomes in VHL-deficient

cells. Then, we reclassified STF-62247 as a blocker of

late stages of autophagy [22]. Similarly, enlargement of

endolysosomes have been observed and characterized

using phosphoinositide kinase, FYVE-type zinc finger

containing (PIKfyve) inhibitors [23,24]. In fact, PIKfyve

inhibition blocks reformation of terminal lysosomes [25].

This can be explained by lysosomal fusion being favored

over fission, which causes endolysosomal swelling [26].

We also showed that the loss of VHL in ccRCC causes

a vulnerability to lysosomal-disrupting agents [27].

Considering the importance of additional mutations

in genes other than VHL for the evolution of ccRCC,

we wondered how these would influence the response

to lysosomal-disrupting agents, especially using STF-

62247. In this study, we showed that deletion of

SETD2 in ccRCC cells expressing WT-VHL increases

the sensitivity to STF-62247. Under these specific con-

ditions, DNA damage and cell cycle arrest in S phase

occur, leading to an annexin V-positive cell death with

cleavage of caspase-3 and gasdermin E (GSDME),

characteristics of pyroptosis.

2. Materials and methods

2.1. Cell culture and treatments

Both 786-0 (RRID:CVCL_1051) and 786-0/VHL cells

were a gift from Dr. Amato J. Giaccia (Stanford Uni-

versity, CA, USA), whereas RCC4 (RRID:CVCL_

UY81), RCC4/VHL (RRID:CVCL_2706) cells were

purchased from Millipore Sigma (Oakville, ON, Can-

ada). HCT116 (RRID:CVCL_0291), A549 (RRID:

CVCL_0023), and PC-3 (RRID:CVCL_0035) cells were

purchased from ATCC (Manassas, VA). All cell lines

have been authenticated in 2024 by short tandem repeat

DNA profiling at Genetica DNA Laboratories (Burling-

ton, NC, USA). 769P (RRID:CVCL_1050), HEK293

(RRID:CVCL_0045) were obtained from ATCC and

A704 (RRID:CVCL_1065), RCC-ER (RRID:CVCL_

5870), and Mero-41 (RRID:CVCL_2592) cells were pur-

chased from Millipore Sigma in the last 3 years. Cells

were all incubated in a humidified incubator at 37°C
with 5% CO2 in their respective media (Table S1). Cells

have been tested for mycoplasma contamination. Drugs

used for treatments are listed in Table S2.

2.2. Western blot

Experiments were performed as previously described

[28]. Briefly, cells were lysed in M-PER lysis buffer

containing protease and phosphatase inhibitors.
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Histones were extracted using the EpiQuik Total His-

tone Extraction Kit (EpiGentek, Farmingdale, NY,

USA). Proteins were separated on SDS/PAGE and

transferred on PVDF membranes. Membranes were

incubated in blocking solution (5% milk) for 1 h

before overnight incubation in primary antibody (List

of antibodies in Table S3). The following day, the

membranes were washed and incubated in

HRP-conjugated secondary antibody before detection

with ECL (Cytiva Amersham, Little Chalfont, Amer-

sham, UK) using a ChemiDoc MP imaging system

(BioRad, Hercules, CA, USA).

2.3. XTT viability assay

For most cell lines, 5000 cells were plated in each well

of a 96-well plate. Cell lines derived from 786-0 were

plated at 2500 cells per well and 10 000 cells per well for

A704. Cells were treated the next day for 72 h. On the

last day, media were changed for DMEM high glucose

without phenol red containing 0.3 mg�mL�1 XTT pow-

der, 2.65 lg�mL�1 phenazine methosulfate, and 20%

FBS. After incubation at 37°C for 1 h, the absorbance

was taken at a wavelength of 450 nm using a Spectra-

Max i3 (Molecular Devices, San Jose, CA, USA). Via-

bility percentage was calculated with the absorbance

ratio between treated and the untreated cells.

2.4. CRISPR/Cas9

Guide RNA (gRNA) sequences were designed using

Benchling (Sequences listed in Table S4). Following

protocol from Shalem et al., sequences were inserted

into lentiCRISPRv2 plasmid (blasticidin or hygromy-

cin), gifts from Brett Stringer (Addgene plasmids

#98293 and #98291) [29,30]. Transformation was done

in JM109 competent cells. Validation was done by

Sanger sequencing. Lentivirus production was per-

formed in HEK293T using the third-generation sys-

tem, and cells were transduced by spinfection with

8 lg�mL�1 of polybrene.

2.5. Gateway cloning

The pENTRTM/D-TOPOTM Cloning Kits (Thermo-

Fisher Scientific, Waltham, MA, USA) was used to

prepare the entry vectors for GFP-SETD2 and

HA-VHL before transformation in TOP10 competent

cells. GFP-SETD2 was amplified from the

SETD2-GFP plasmid (gift from S�ergio De Almeida,

Addgene plasmid #80653), and HA-VHL was ampli-

fied from the HA-VHL wt-pBabe-puro plasmid (gift

from William Kaelin, Addgene plasmid #19234)

[31,32]. The GatewayTM LR ClonaseTM II Enzyme mix

was then used to incorporate GFP-SETD2 into the

pLentiCMV/TO Puro DEST (670-1) and HA-VHL

into the pLentiCMV Blast DEST (706-1) (gifts from

Eric Campeau & Paul Kaufman, Addgene plasmids

#17293 & #17451) [33]. Transformation of the novel

destination vectors was performed in STBL3 compe-

tent cells. Validation of the plasmids was performed

by Sanger sequencing. Transfection were performed as

previously stated.

2.6. Clonogenic assay

Cells were seeded at 300 cells per well in six-well plates.

After 6 h, cells were treated and placed at 37°C with

5% CO2. After 7 days, cell colonies were stained with

crystal violet and counted. Survival rates were calculated

by calculating the ratio of the colonies count from treat-

ment on those from the untreated control.

2.7. Cell proliferation and viability

In 12-well plates, 20 000 cells were plated per well.

The next day, cells were treated in duplicate. Starting

at Day 0, cells were counted on a hemocytometer

using trypan blue. Cell viability represented the num-

ber of viable cells relative to the total number of cells

(sum of the viable and nonviable cells).

2.8. Cell cycle analysis

After 48 h of treatment, cells were trypsinized and for

each sample, 1 million cells were collected and centri-

fuged at 200 g for 5 min followed by one PBS wash.

The pellet was suspended in 300 lL of cold PBS. Cells

were then fixed by adding 700 lL of cold ethanol and

by inverting tubes to mix. Fixed cells were centrifuged

at 300 g for 5 min. Supernatant was discarded, and

cells were washed twice in PBS followed by a centrifu-

gation at 500 g for 5 min. Pellets were then suspended

in 500 lL of FxCycleTM PI/RNase Staining Solution

(ThermoFisher Scientific) and incubated in the dark

for 15 min prior to samples processing with a Cyto-

FLEX (Beckman Coulter, CA, USA). Analysis was

performed using the Kaluza Analysis Software (Beck-

man Coulter, Brea, IN, USA).

2.9. DNA damage immunofluorescence

In a 12-well plate, 25 000 cells were seeded on cover-

slips. The next day, cells were treated with 3 lM STF-

62247 for 48 h. Doxorubicin, 1 lM for 4 h, was used

as a positive control. Cells were fixed in 3.7%
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paraformaldehyde for 20 min, permeabilized in 0.25%

Triton X-100 for 5 min, and incubated in 5% FBS

blocking solution for 15 min. Then, cells were incu-

bated in cH2AX antibody for 1 h, washed twice in

PBS, and incubated for another hour in Alexa fluor

secondary antibody. After three PBS washes, 5-min

incubation in DAPI and two more washes, coverslips

with stained cells were mounted on slides. Images were

acquired by confocal microscopy using an Olympus

Fluoview FV1000 (Olympus, Breinigsville, PA, USA).

2.10. Annexin V/7AAD

After 48 h of treatment, cells were trypsinized and col-

lected with their respective media. Cells were centri-

fuged at 200 g for 5 min before being stained with the

FITC Annexin V Apoptosis Detection Kit with

7-AAD (SKU 35-6410-KIT) as per the manufacturer’s

protocol. Samples were processed on the Attune NxT

flow cytometer (Beckman Coulter, CA), and data were

analyzed on the Attunetm software.

2.11. Statistical analysis

All experiments were performed with a minimum of

three biological replicates. Where appropriate, results

are presented as the mean and the standard error of

the mean (SEM). Statistical analyses were performed

with (GRAPHPAD PRISM 9.5.1, Boston, MA, USA).

3. Results

3.1. ccRCC cell lines with mutations in

chromatin remodeling genes respond differently

to STF-62247 and PIKfyve inhibitors

To evaluate how ccRCC subtypes respond to STF-

62247 and various treatments, we used cell lines with

different mutation patterns on chromosome 3p

(Fig. 1A). All the parental ccRCC cell lines are

mutated on VHL. Mutations for all cell lines were

found on the DepMap portal (https://depmap.

org/portal), except for RCC4 that have a missense

mutation on VHL (p.S65W) and a frameshift mutation

on PBRM1 (p.H897fs*3) [34–36]. Other than BAP1

that is still highly expressed in the 769P cells, all these

mutations altered the protein expression of the corre-

sponding genes (Fig. 1B). In addition, histones were

extracted from parental cell lines, and immunoblots

showed reduction in H3K36me3 expression in SETD2

mutated cells. The residual expression of H3K36me3

in these cells could be explained by SMYD5 and

SETD5 that were shown to be able to catalyze

H3K36me3 [37,38]. It was also reported that HIF-1a
mRNA is truncated in 786-0, preventing its transcrip-

tion, and that it is also not expressed in 769P, demon-

strated by reverse transcription polymerase chain

reaction (RT-PCR) [34].

To assess cytotoxicity of STF-62247 and a variety of

drugs, cells were treated with tyrosine kinase inhibi-

tors, mTOR inhibitor, all related to ccRCC therapies,

as well as with autophagy inhibitors, and lysosomal

and/or endosomal disrupting agents (Fig. 1C, Table 1,

Fig. S1). We also added HEK293 cells, which does not

have mutations on any of the genes of interest, and

786-0 and RCC4 in which VHL was reintroduced,

respectively, annotated as 786-0/VHL and

RCC4/VHL. As expected, VHL-inactivated cells

showed greater sensitivity to STF-62247 than geneti-

cally matched cells expressing WT-VHL. This was also

observed in vacuolin-1 RCC4-treated cells, a

cell-permeable inhibitor of lysosomal exocytosis also

known as PIKfyve inhibitor. Notably, 786-0 tended to

be more resistant to STF-62247 and PIKfyve inhibi-

tors than the other ccRCC cell lines. Coincidentally,

this is the only ccRCC cell line without mutations on

PBRM1, SETD2, or BAP1. One striking result was

from RCC-ER and A704 cells, both with mutations

on VHL, PBRM1, and SETD2, which had the lowest

IC50 values for STF-62247 (1.268 and 1.393 lM,

Fig. 1. Common mutated genes on chromosome 3p in ccRCC cell lines and sensitivity to diverse agents. (A) Schematic representation of

mutations affecting proteins encoded on chromosome 3p in ccRCC cell lines. Mutations indicated were documented on the DepMap portal

or in the literature [34–36]. Protein domains were predicted by the InterPro database [78]. (B) Western blot analysis of commonly altered

proteins (VHL, BAP1, PBRM1, SETD2) in ccRCCs was used to demonstrate how mutations impacted protein expression in ccRCC cell lines.

Expression of VHL is inversely correlated with HIF-1a and/or HIF-2a expression. *Represents SETD2 full-length of the protein. Linked to

SETD2, the detection of H3K36me3 was added with total H3. Total protein stain serves as loading control (N = 3). (C) Cell viability

measured by XTT assay. Cells were treated with STF-62247, PIKfyve inhibitors (Vacuolin-1 and YM-201636) and targeted therapy agents for

ccRCC (Everolimus, Axitinib and Sunitib) for 72 h. Results are presented as the mean � SEM (N = 3). IC50s were determined by nonlinear

regression using GRAPHPAD PRISM 9.5.1 (reported in Table 1). ALPHA, alpha domain; AWS, associated with set domain; BAH, bromo adjacent

homology domain; BETA, beta domain; BROMO, bromodomain; HMG, high mobility group box domain; SET, Su(var)3–9, enhancer of zeste,

and trithorax domain; SRI, Set2 Rpb1 interacting domain; UCH, ubiquitin carboxyl-terminal hydrolase; WW, WW domain.
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respectively). This was also true for both PIKfyve

inhibitors where the IC50s were under 1 lM. By com-

paring RCC4 and RCC4/VHL, it was apparent that

VHL expression increased resistance to drugs targeting

autophagy and lysosomes. Altogether, we reiterated

that STF-62247 targets VHL-deficient cells, and we

found that cells with additional mutations on PBRM1

and SETD2 showed higher sensitivity to STF-62247

and PIKfyve inhibitors.

3.2. Inactivation of SETD2 sensitizes WT-VHL

cells to STF-62247 and PIKfyve inhibitors

To better understand the individual impact of PBRM1

and SETD2 in response to STF-62247 and PIKfyve

inhibitors in ccRCC, we used clustered regularly inter-

spaced short palindromic repeats with CRISPR-

associated protein 9 (CRISPR/Cas9) to repress their

gene expression in 786-0 and 786-0/VHL cells. Indeed,

both proteins were decreased by their respective gRNA

in addition to a decrease in H3K36me3 levels in Cr

SETD2 (annotated Cr1 SETD2 from this point on)

(Fig. 2A). Inactivation of PBRM1 in both 786-0 and

786-0/VHL modestly influenced the response to STF-

62247 and apilimod, a PIKfyve inhibitor used in clinical

trials for non-Hodgkin lymphoma (NCT02594384)

(Fig. 2B). Surprisingly, 786-0/VHL Cr1 SETD2 showed

a significant sensitivity to both treatments. For STF-

62247 specifically, IC50 went from 4.024 to 0.908 lM
after inactivation of SETD2 in 786-0/VHL, which was

even lower than in 786-0 Cr control (CTL) that had an

IC50 of 3.503 or 2.882 lM in 786-0 Cr SETD2. These

results were confirmed in a second clone of 786-0/VHL

cells with a different gRNA targeting SETD2 (anno-

tated Cr3 SETD2) (Fig. S2A,B). We also stably

repressed SETD2 expression in RCC4 and RCC4/VHL,

and by measuring cell viability in heterogeneous cell

pools, VHL-positive cells were still more affected by

PIKfyve inhibitors (Fig. S3A,B).

To determine whether this sensitivity was specific to

STF-62247 and PIKfyve inhibitors and not just to a

general vulnerability to any stresses, we measured cell

viability with other agents. We used everolimus, cis-

platin for which SETD2-deficient cells in lung cancer

showed more resistance [39], and AZD8186, a phos-

phoinositide 3-kinases (PI3K)b/d inhibitor, which has

been shown to target SETD2-deficient cells in ccRCC

[40]. There was no significant difference in 786-0/VHL

Cr CTL cytotoxicity using everolimus or cisplatin, but

as expected, SETD2-deficient cells were more sensitive

to AZD8186 (Fig. 2C). These results indicated that the

loss of SETD2 can confer vulnerability to specific

drugs.

3.3. Vulnerability to STF-62247 and PIKfyve

inhibitors is specific to ccRCC

Since we observed cytotoxicity in response to STF-

62247 or apilimod in SETD2-knockout cells expressing

VHL, we decided to inactivate SETD2 in cell lines

from other cancers known to have mutations on

SETD2, but not on VHL. Thus, we used Mero-41,

HCT116, A549, and PC-3 cell lines, respectively, from

mesothelioma, colon, lung, and prostate cancer. Again,

we used CRISPR/Cas9 to repress SETD2 gene expres-

sion with two different gRNA. An impressive decrease

in SETD2 and H3K36me3 protein levels was obtained

with both sequences in all cell lines (Fig. 3A). We used

XTT viability assay to measure their response to STF-

62247, apilimod, vacuolin-1, and APY0201. Interest-

ingly, the four cancer cell lines were mostly unaffected

by PIKfyve inhibitors when SETD2 was inactivated

(Fig. 3B, Fig. S4). Moreover, compared with ccRCC

cells, these parental cells derived from cancer outside

the kidney exhibit greater resistance to STF-62247 and

PIKfyve inhibitors, which suggest that ccRCCs are

more dependent on PIKfyve activity and associated

cellular processes, supporting our previous work [27].

3.4. STF-62247 causes a decrease in cell

proliferation and viability

We further investigated whether the sensitivity of

WT-VHL ccRCC cells to STF-62247 after SETD2

inactivation was associated with a decrease in prolifer-

ation or with cell death. In both 786-0 and 786-

0/VHL, SETD2 inactivation alone had no significant

effect on cell proliferation or viability. When treated

with STF-62247, we observed a decrease in prolifera-

tion in all cell lines, but proliferation was completely

abolished only in both clones of 786-0/VHL Cr

SETD2 (Fig. 4A,B, Fig. S5A,B). Additionally, the via-

bility of 786-0/VHL Cr1 SETD2 cells significantly

dropped to reach 22.3% after 3 days. To confirm these

results, clones were selected from previously used

RCC4/VHL Cr2 and Cr3 SETD2, and cell counts were

performed similarly. Likewise, in both clones, the inac-

tivation of SETD2 made RCC4/VHL vulnerable to

STF-62247, as shown by decreases in cell viability and

proliferation (Fig. S6A–C).
As a complementary approach, we decided to

reintroduce SETD2 in addition to HA-VHL in the

RCC-ER cell line deficient in both genes. As others

before us, we were unable to reintroduce full-length

SETD2, and we have decided to reintroduce a

GFP-tagged truncated version of SETD2 (missing the

first 503 residues in the N terminus but still containing
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all the functional domains) (Fig. 4C) [41]. The reintro-

duction of both genes together helped the cells resist

STF-62247 (Fig. 4D,E). Restoration of both genes

alone also confers, to a lesser extent, resistance to

STF-62247. We were also able to do the reintroduce

GFP-SETD2 in the 786-0/VHL Cr1 SETD2 (Fig. 4F).

Notably, in addition to the expression of the exoge-

nous GFP-SETD2, an increase in the highest band,

Fig. 2. Inactivation of SETD2 sensitizes cells to STF-62247 and PIKfyve inhibitors. (A) Western blot analysis validated gene repression by

CRISPR/Cas9 of PBRM1 and SETD2 (respectively Cr PBRM1 and Cr SETD2) in 786-0 and 786-0/VHL cells. Decrease in SETD2 protein

expression is accompanied by a decrease in H3K36me3 (N = 3). (B) Cell survival was measured by clonogenic assay. PBRM1- or SETD2-

knockout in 786-0 and 786-0/VHL were treated with STF-62447 or apilimod for 7 days before being stained with crystal violet. Control cells

with an empty vector are annotated Cr CTL. Cell colonies were counted, and survival was calculated by comparing with an untreated

control. Statistical significance was measured using two-way ANOVA followed by Dunnett’s multiple comparisons test to compare Cr

PBRM1 or Cr SETD2 with Cr CTL. (C) XTT assay in 786-0/VHL Cr CTL and 786-0/VHL Cr1 SETD2 cells exposed to drugs other than STF-

62247 and PIKfyve inhibitors. Cells were treated for 72 h. Statistically significant differences between Cr CTL and Cr SETD2 were tested

with two-way ANOVA followed by Sidak’s multiple comparisons test. Results are presented as the mean � SEM (N = 3, *P < 0.05,

**P < 0.01, ***P < 0.001).
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Fig. 3. Sensitivity to STF-62247 and PIKfyve inhibitors is specific to ccRCC. (A) Western blot analysis validated SETD2-knockout following

CRISPR/Cas9 gene repression in Mero-41 (mesothelioma), HCT116 (colon cancer), A549 (lung cancer) and PC-3 (prostate cancer) cells.

Control cells with an empty vector are annotated Cr CTL. Two different gRNA targeting SETD2 were used (annotated Cr7 and Cr8).

Decrease in SETD2 protein expression is accompanied by a decrease in H3K36me3 (N = 3). (B) Cell viability was measured by XTT assay.

Cells were treated with STF-62247 or the PIKfyve inhibitor apilimod for 72 h. Statistical significance was measured using two-way ANOVA

followed by Dunnett’s multiple comparisons test to compare Cr7 SETD2 or Cr8 SETD2 with Cr CTL. Results are presented as the

mean � SEM (N = 3, *P < 0.05, **P < 0.01, ***P < 0.001).
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allegedly endogenous full-length SETD2, was observed

after we reintroduced GFP-SETD2. Moreover, reintro-

duction of GFP-SETD2 partially rescued proliferation

and viability in response to STF-62247, whereas

70.5% of the cells still viable after 3 days compared

with 32.3% from the 786-0/VHL Cr1 SETD2

(Fig. 4G,H).

3.5. S phase arrest in SETD2-deficient cells

treated with STF-62247

Following the decrease in proliferation observed in

STF-62247-treated cells, we used flow cytometry to

analyze the cell cycle. Propidium iodide (PI) staining

revealed a decrease in phase G1/G0 accompanied by

an increase in S phase in 786-0/VHL Cr1 SETD2 trea-

ted to STF-62247 (Fig. 5A,B). Furthermore, we used

antibodies targeting proteins relevant to each phase to

measure their expression levels by western blot

(Fig. 5C,D). In 786-0/VHL Cr1 SETD2 treated with

STF-62247, there was a significant decrease of 78.2%

of chromatin licensing and DNA replication factor 1

(CDT1) expression, a subunit of the pre-replication

complex, which is typically degraded in S phase. Addi-

tionally, cyclin B1 and phospho-H3 (Ser10), both

important in G2/M phases, were also decreased. These

results indicate that STF-62247 causes an arrest in S

phase in 786-0/VHL Cr1 SETD2, which would block

the progression to G2/M. Cyclin D1 levels were signifi-

cantly lower in VHL-positive cells as expected since it

is a target of HIF-2a in ccRCC [42,43]. Surprisingly,

cyclin D1, which is often overexpressed in cancers and

considered as an oncogene, was increased in all models

treated with STF-62247. Even though there was no

significant indication of cell cycle arrest, other than for

the 786-0/VHL Cr SETD2, decreased proliferation was

observed in all models and could influence cyclins

levels. Additionally, Cyclin D1 can be degraded by

selective autophagy, and by blocking autophagy with

STF-62247, Cyclin D1 could potentially accumulate in

the cells [44]. For the 786-0/VHL Cr1 SETD2 GFP-

SETD2, cyclin B1 is the only protein that behaved as

it did in 786-0/VHL Cr CTL cells, which is unaffected

by STF-62247 compared with the decrease seen in 786-

0/VHL Cr1 SETD2 (EV) (Fig. S7A,B).

3.6. DNA damage and loss of CDC25A are linked

to S phase arrest

To better understand the cause behind that cell cycle

arrest in the S phase, we explored any indications of

DNA damage. Our results indicated a prominent

increase in cH2AX, assessed by immunofluorescence,

in 786-0/VHL Cr1 SETD2 exposed to STF-62247, sug-

gesting the presence of DNA damage (Fig. 6A). Doxo-

rubicin was used as a positive control. Then,

phosphorylation ratios of checkpoint kinase 1 and 2

(CHK1 and CHK2) were increased in the two clones

of Cr SETD2 when treated to STF-62247, although

these results were mostly due to the decrease in CHK1

and CHK2 expressions (Fig. 6B,C). The M-phase

inducer phosphatase 1 (CDC25A) implicated in cell

cycle progression from phase S to G2 can be targeted

by both CHK1 and CHK2 for degradation [45,46].

Thus, we measured an important decrease of 81.5% in

CDC25A protein expression in Cr1 SETD2 and 87.0%

in Cr3 SETD2 treated with STF-62247, coinciding

with cell cycle arrest. No significant changes were

Fig. 4. STF-62247 decreases cell proliferation and viability of SETD2-inactivated cells expressing WT-VHL. (A) Proliferation and (B) viability

were measured by counting 786-0 and 786-0/VHL cells (Cr CTL and Cr1 SETD2) with trypan blue. Cells were treated with 3 lM STF-62247

on day 0. Results are presented as the mean � SEM (N = 3). Statistically significant differences were tested with a two-way ANOVA

followed by Tukey’s multiple comparisons test. Comparisons between CTL and STF-62247 are indicated with the * symbol and comparisons

between Cr1 SETD2 and Cr CTL are indicated with the # symbol. (C) Western blot of SETD2, H3K36me3, H3 and VHL in RCC-ER

expressing GFP-SETD2 and/or HA-VHL. Empty vectors (670-1 vector for GFP-SETD2 and 706-1 vector for HA-VHL) were used when the

respective gene was not reintroduced (N = 3). (D) Proliferation and (E) viability were measured by counting cells with trypan blue. RCC-ER

cells were treated with 1.25 lM STF-62247 on day 0. Results are presented as the mean � SEM (N = 3). Statistically significant differences

were tested with a two-way ANOVA followed by Tukey’s multiple comparisons test. Comparisons of GFP-SETD2, HA-VHL or GFP-

SETD2 + HA-VHL with the Empty Vectors (only with STF-62247) are indicated with the * symbol. Comparisons between GFP-SETD2 or HA-

VHL with GFP-SETD2 + HA-VHL are indicated with the # symbol. No significant differences were observed between GFP-SETD2 and HA-

VHL. (F) Validation, by western blot, of GFP-SETD2 reintroduction in 786-0/VHL Cr1 SETD2 (compared to 786-0/VHL Cr1 SETD2 with the

empty vector (Cr1 SETD2+, GFP-SETD2�). 786-0/VHL Cr CTL, in the first lane, was used as a comparison. GFP-SETD2 is indicated by an

asterisk (*) (N = 3). (G) Proliferation and (H) viability were measured by counting cells with trypan blue. Cells were treated with 3 lM STF-

62247 on day 0. Results are presented as the mean � SEM (N = 3). Statistically significant differences were tested with a two-way ANOVA

followed by Tukey’s multiple comparisons test. Comparisons between CTL and STF-62247 are indicated with the * symbol and comparisons

between 786-0/VHL Cr1 SETD2 EV and GFP-SETD2 are indicated with the # symbol (*P < 0.05, **P < 0.01, ***P < 0.001 or #P < 0.05,
##P < 0.01, ###P < 0.001).
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observed on WEE1, the kinase responsible for the

antagonist activity of CDC25A. These results indicate

an important loss of CDC25A in SETD2-knockout

cells, most likely by degradation due to DNA damage,

reinforcing evidence of S phase arrest.

3.7. Characteristics of pyroptosis in SETD2-

knockout cells treated with STF-62247

Considering our results and the interconnection

between DNA damage and apoptosis, we stained cells

with annexin V and 7-AAD to measure apoptosis and

cell death by flow cytometry (Fig. 7A). When 786-

0/VHL Cr CTL cells were treated with STF-62247,

there was no significant difference in annexin V and 7-

aminoactinomycin D (7-AAD) staining. However, in

cells expressing SETD2 Cr1 and Cr3, we found a

decrease in viable cells (Annexin V�/7-AAD�) going

from 89.6% to 55.4% and 91.5% to 53.2%, respec-

tively (Fig. 7B). This reduction coincided with a signif-

icant increase in cells that are positively stained to

only annexin V (Annexin V+/7-AAD�) or to both

markers (Annexin V+/7-AAD+) (Fig. 7C,D). Only a

small percentage of the population in Cr1 and Cr3

SETD2 treated with STF-62247 was solely marked

with 7-AAD (Annexin V�/7-AAD+) (Fig. 7E). These

results suggest that, in addition to cell cycle arrest,

786-0/VHL cells with SETD2-depletion undergo apo-

ptosis in response to STF-62247.

To further assess the presence of apoptosis, we mea-

sured the cleavage of caspase-3. Since it has been

reported by others that cleaved caspase-3 can lead to

GSDME cleavage, a hallmark of cells undergoing pyr-

optosis, we studied these characteristics by western

blot analysis [47]. We used raptinal, an activator of

caspase-3 and inducer of pyroptosis, as a positive con-

trol. As expected, we did not observe any cleavage of

caspase-3 or GSDME in 786-0/VHL Cr CTL treated

with STF-62247. Notably, both caspase-3 and

GSDME were cleaved in the two 786-0/VHL Cr

SETD2 clones (Fig. 7F). These results were confirmed

in RCC4/VHL (Fig. S8). Altogether, our results con-

firmed an annexin V positive cell death in 786-0/VHL

Cr SETD2, with the cleavage of caspase-3 and

GSDME suggesting that cells undergo pyroptosis.

4. Discussion

In the past two decades, we have seen major advance-

ments in therapeutic approaches for ccRCC, especially

with the development of targeted therapy and novel

immunotherapies [48]. However, in many cases, pri-

mary or acquired resistance to therapies is still a chal-

lenge for treating patients with advanced kidney

cancer. With new knowledge on ccRCC evolution

linked to alterations of multiple genes such as VHL,

PBRM1, SETD2, and BAP1, there is great potential

to adopt new approaches anchored in the idea of pre-

cision medicine, either for monotherapy or combina-

tion therapy. The idea of using lysosomal disruption

agents to improve cell response to treatments was par-

ticularly relevant with sunitinib, which can be seques-

tered in lysosomes and cause resistance [49–51].
Accordingly, we and others have highlighted the

potential of using lysosomal-disrupting agents or

autophagy inhibitors as treatments for kidney cancer

[21,52,53].

We previously characterized how STF-62247 blocks

late stages of autophagy in VHL-deficient cells [22]. In

the present study, we investigated how ccRCC muta-

tional signature could affect cell responses to STF-

62247. Our results clearly indicated that SETD2-

knockout cells expressing WT-VHL are sensitive to

STF-62247 and PIKfyve inhibitors. Although uncom-

mon, ccRCC expressing WT-VHL with mutations on

SETD2 are found in The Cancer Genome Atlas

(TCGA) cohort for Kidney Renal Clear Cell Carci-

noma (KIRC) as well as in the TRACERx Renal

cohort [8,54]. Notably, those cases from the latter

cohort were all advanced cancers classified as stage III

or IV. In addition to our previous work, we showed a

tendency for VHL to protect cells from agents

Fig. 5. Decreased proliferation linked to cell cycle arrest in S-phase. (A) Cell cycle analysis was performed by flow cytometry. 786-0/VHL

cells (Cr CTL and Cr1 SETD2) were treated with 3 lM STF-62247 for 48 h before being fixed and stained with PI. (B) Cells were separated

between cell cycle phases and represented by populations based on which phases they are found in. Results are presented as the

mean � SEM (N = 4). Statistically significant differences were tested with a two-way ANOVA followed by Sidak’s multiple comparisons

test to compare CTL and STF-62247 (N = 4). (C) Western blot was used to measure the expression of proteins implicated in the regulation

of the cell cycle. (D) Quantification of western blot results in C. Results are presented as the mean � SEM (N = 3). Statistically significant

differences were tested with a two-way ANOVA followed by Sidak’s multiple comparisons test to compare CTL and STF-62247 or Tukey’s

multiple comparisons test to compare between cell models (N = 3, Between CTL and STF-62247 *P < 0.05, **P < 0.01, ***P < 0.001 or

between cell models #P < 0.05, ##P < 0.01).
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Fig. 6. DNA damage leads to the loss of CDC25A. (A) DNA damage was measured by confocal microscopy using an antibody targeting

cH2AX (red). DAPI was used to stain nuclei (blue). Cells (786-0/VHL Cr CTL and Cr1 SETD2) were treated with 3 lM STF-62247 for 48 h. As

a positive control, cells were treated with 1 lM doxorubicin for 4 h (Scale bar = 50 lm). (B) Western blot analysis of CHK1, CHK2, p-CHK1,

p-CHK2, CDC25A, WEE1, and p-WEE1 in 786-0/VHL Cr CTL, Cr1 SETD2 and Cr3 SETD2 treated with 3 lM STF-62247 for 48 h. As a

positive control, cells were treated with 0.5 lM doxorubicin for 24 h. (C) Quantification of western blot results obtained in C. Results are

presented as the mean � SEM (N = 3). Statistically significant differences were tested with a two-way ANOVA followed by Dunnett’s

multiple comparisons test to compare each treatment with the control (N = 3, *P < 0.05, **P < 0.01 ***P < 0.001).
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targeting autophagy and lysosomes but how inactiva-

tion of SETD2 in VHL-positive cells influences autop-

hagy, precisely in response to STF-62247, is still under

investigation. However, in the past few years, a hand-

ful of studies have linked SETD2 to autophagy.

SETD2 was first reported to play a role in autophagy

by regulating the autophagy-related (ATG) protein,

ATG12 [55]. In cells lacking SETD2, a short isoform

of ATG12 was produced due to alternative splicing

causing an accumulation of free ATG12. Another

group also studied the ATG5-ATG12 complex and

showed conflicting results with no significant changes

in levels of free ATG12 when SETD2 was altered [56].

Although it is still unclear exactly how SETD2 regu-

lates ATG12, this latest group also showed that

SETD2 methylates actin and allows the regulation of

the protein WASP homolog associated with actin,

Golgi membranes and microtubules (WHAMM),

which plays a role in lysosomal tubulation [15].

Finally, the protein FIP200, implicated in autophago-

some formation, is one of the latest targets found to

be methylated by SETD2 [12]. By methylating FIP200

on residue lysine 1133, SETD2 blocks its recognition

by the E3 ligase tripartite motif containing 21

(TRIM21), thus preventing its ubiquitination and

degradation.

Consistent with the era of precision medicine, there

is a growing interest in studying SETD2 as a tumor

suppressor gene and finding ways to selectively target

SETD2-deficient cancer cells. One of the first targeted

proteins identified was PI3Kb, whose inhibition by

TGX221 or AZD6482 was more lethal when SETD2

was missing [57]. We were able to replicate these

results with our SETD2-inactivated cells being more

sensitive to AZD8186. Since PI3Kb and PIKfyve are

both kinases related to phosphoinositides, the interre-

lation between SETD2 and phosphoinositides metabo-

lism would be of interest to move forward as, to our

knowledge, this field has not been studied.

By assessing the impact of SETD2 on cell responses

to STF-62447, we not only demonstrated complete

inhibition of proliferation in SETD2-knockout cells

after treatment with STF-62247, but we also showed

that the cells were blocked in S phase, corroborated by

a decrease of CDT1. This is particularly interesting

because SETD2 was reported to play a role in the

response to DNA replication stress. When cells are

exposed to conditions causing replication stress,

SETD2 presence on chromatin increases, allowing tri-

methylation of histone 3 on lysine 14 (H3K14me3)

[58]. This information adds up to the already well-

known implication of SETD2 in DNA damage repair

through the regulation of H3K36me3. After the

formation of DNA double-strand breaks, H3K36me3

marks accumulate rapidly and are required for the

consequent recruitment of PC4 and SF2 interacting

protein (LEDGF) and lysine acetyltransferase 5

(KAT5) for the acetylation of H4K16 (H4K16ac) and

subsequent modulation of chromatin openness and

recruitment of DNA repair proteins [59].

Our results showed an increase in CHK1 and CHK2

phosphorylation ratios indicating their activation, but

we noticed that their protein levels were lower with

STF-62247 or doxorubicin. This phenomenon has been

previously reported in RCC4/VHL treated with DNA

damage-inducing agents where the increase in CHK1

phosphorylation on S345 was accompanied by an

important decrease in CHK1 protein levels [60]. It was

also recently reported that SETD2-inactivation sensi-

tizes cells to ataxia telangiectasia and Rad3-related

protein (ATR) inhibition [61]. Inhibition of either

ATR or CHK1 in SETD2-inactivated cells caused an

accumulation of cytosolic DNA, thus activating the

cyclic GMP-AMP synthase-stimulator of interferon

genes (cGAS-STING) pathway and the subsequent

production of cytokines, including interferon-alpha

(IFNa). Thus, inactivation of SETD2 and inhibition

of ATR stimulate immune cell infiltration in the

microenvironment and enhance the response to immu-

notherapy. This was demonstrated by cotreatment

with a PD-1 antibody and an ATR inhibitor, which

significantly decreased tumor growth in mice subcuta-

neously injected with SETD2-inactivated Renca cells

[61]. Other groups have also shown a better response

to immune checkpoint inhibitors in different cancers

deficient in SETD2 [62,63].

To follow up on the indications of DNA damage,

we showed an almost complete loss of CDC25A,

specifically in SETD2-knockout cells treated with STF-

62247. This is particularly relevant because SETD2-

deficient cells showed promising results for the WEE1

inhibitor, AZD1775 (Adavosertib), which went to

phase II clinical trial for SETD2-deficient solid

tumors, including ccRCC [64]. In fact, it was first

reported that ccRCC cells with mutations on SETD2

were vulnerable to AZD1775 and treatments stopped

tumor growth in vivo [65]. Unfortunately, results from

the trial failed to show objective responses; however,

there was a prolonged period of stable disease in more

than half of the cohort. Also linked to WEE1, it has

been shown that polo-like kinase 1 (PLK1) was more

expressed in ccRCC deficient in SETD2 [66]. This was

not observed in cases expressing WT-VHL due to the

regulation of PLK1 expression by HIF-2a. Addition-

ally, PLK1 inhibitors have been shown to induce

GSDME-dependent pyroptosis in colorectal and
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ovarian cancers [67,68]. Regarding pyroptosis, cleavage

of caspase-3 and GSDME was detected in SETD2-

knockout cells expressing VHL following treatment

with STF-62247. Similarly, SETD2 depletion was

recently shown to confer vulnerability to poly(ADP-

ribose) polymerase 1 (PARP) and DNA methylation

dual inhibition, leading to the cleavage of caspase-3

[69]. Interestingly, a similar drug combination leads to

pyroptosis in prostate cancer [70].

Overall, results showing vulnerability to STF-62247

and PIKfyve inhibitors in WT-VHL ccRCC cells with

SETD2-loss are intriguing, and part of the answer

could come from the disruption in the autophagic flux

by VHL and SETD2. As previously reported, SETD2-

loss was associated with the downregulation of autop-

hagy whether through the deregulation of ATG12,

WHAMM, or FIP200 [12,55,56]. Meanwhile, VHL

can target and ubiquitinate both Beclin1 and

MAP1LC3B, leading to their degradation and inhibi-

tion of autophagy initiation [71,72]. Both VHL and

SETD2 also play a role in stabilizing microtubules,

VHL by binding to a-tubulin and preventing depoly-

merization, and SETD2 by methylating a-tubulin for

genomic stability [73,74]. This is particularly relevant

for lysosome motility on microtubules. We previously

demonstrated that VHL status influenced lysosome

localization during STF-62247 treatments, but the

repercussion of microtubule destabilization on lyso-

some motility in SETD2-deficient cells is still unknown

[27]. But the question remains: Why are VHL-positive

cancer cells, other than ccRCC, not vulnerable to

STF-62247 and PIKfyve inhibitors after SETD2-

inactivation? Almost all ccRCCs share a common evo-

lutionary path involving the initial loss of chromosome

3p that can lead to haploinsufficiency of some genes

and impact cell response to drugs, SETD2 being a

great example [74]. Finally, variations in cellular path-

ways could influence how cancer cells respond to PIK-

fyve inhibitors. For instance, it has been shown that

targeting both PIKfyve and tubulin or combined inhi-

bition of PIKfyve and p38MAPK can target certain

cancer cells [75,76]. Moreover, a group demonstrated

that cells with low levels of PIP5K1C are more vulner-

able to PIKfyve inhibitors [77]. Therefore, it is clear

that specific characteristics acquired by cancer cells

can dictate their response to drugs, which highlights

the intricacy behind choosing cancer treatments.

5. Conclusion

To summarize, while we have shown that loss of VHL

or SETD2 could significantly improve the response to

PIKfyve inhibitors, it is also evident that there is much

knowledge that is yet to be discovered on the intercon-

nection between mutated genes in ccRCCs and how it

may influence therapeutic responses. Considering the

documented impact of the loss of SETD2 on

the microenvironment and how pyroptosis leads to the

extracellular release of cytokines, combination of STF-

62247 and immune checkpoint inhibitors would be an

interesting avenue to investigate further to assess

whether a combination of these two treatments could

be beneficial. Nevertheless, we demonstrated the

potential of STF-62247 and other PIKfyve inhibitors

to target the aggressive WT-VHL ccRCC subtype in

cases where SETD2 is inactivated.
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Figure S1. Additional results of XTT assay in ccRCC cell lines. Cell viability in ccRCC cell lines measured by XTT assay. Cells were treated with a variety of drugs for 72 h. Results are presented as the mean ± SEM (N=3). 
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Figure S2. Sensitivity to STF-62247 and apilimod confirmed in additional clone of 786-0/VHL Cr SETD2. A) Validation of clone 786-0/VHL Cr3 SETD2 by western blot. B) Cell survival of 786-0/VHL Cr3 SETD2 measured by clonogenic assay with treatments to STF-62247 or apilimod. Results are compared to 786-0/VHL Cr CTL (same as Figure 2B). Statistically significant differences between Cr CTL and Cr SETD2 were tested with two-way ANOVA followed by Sidak's multiple comparisons test. Results are presented as the mean ± SEM (N=3, *p<0.05, ***p<0.001)
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Figure S3. Vulnerability to STF-62247 and PIKfyve inhibitors in RCC4/VHL Cr SETD2 cells. A) Western blot to validate gene repression of SETD2 by CRISPR/Cas9 in RCC4 and RCC4/VHL cells. B) Cell viability was measured by XTT assay with treatments of STF-62247 and PIKfyve inhibitors. RCC4/VHL Cr SETD2 acquired a clear vulnerability to STF-62247 and Vacuolin-1. Statistical significance was measured using two-way ANOVA followed by Dunnett's multiple comparisons test to compare Cr2 SETD2 or Cr3 SETD2 with Cr CTL. Results are presented as the mean ± SEM (N=3, *p<0.05, **p<0.01, ***p<0.001)
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Figure S4. Non-ccRCC cell lines responses to vacuolin-1 and APY0201. Cell viability was measured by XTT assay in Mero-41 (mesothelioma), HCT116 (colon cancer), A549 (lung cancer) and PC-3 (prostate cancer) cells, with and without SETD2. Cells were treated with PIKfyve inhibitors (Vacuolin-1 and APY0201) for 72 h. Statistical significance was measured using two-way ANOVA followed by Dunnett's multiple comparisons test to compare Cr7 SETD2 or Cr8 SETD2 with Cr CTL. Results are presented as the mean ± SEM (N=3, *p<0.05, **p<0.01, ***p<0.001)
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Figure S5. Decrease of proliferation and viability in additional clone of 786-0/VHL Cr SETD2 treated with STF-62247. A) Proliferation and B) cell viability measured by cell counts with trypan blue. 786-0/VHL Cr3 SETD2 clone was treated with 3 µM STF-62247 at day 0. Results are compared to 786-0/VHL Cr CTL (same as Figure 4A-B). Results are presented as the mean ± SEM (N=3). Statistically significant differences were tested with a two-way ANOVA followed by Tukey's multiple comparisons test. Comparisons between CTL and STF-62247 are indicated with the * symbol and comparisons between Cr3 SETD2 and Cr CTL are indicated with the # symbol. 
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Figure S6. Decrease of proliferation and viability confirmed in RCC4/VHL Cr SETD2 clones. A) Preparation and validation, by western blot, of clones in RCC4/VHL Cr2 and Cr3 SETD2. B) Proliferation and C) cell viability measured by cell counts with trypan blue. Cells were treated with 1.5 µM STF-62247 at day 0. Results are presented as the mean ± SEM (N=3). Statistically significant differences were tested with a two-way ANOVA followed by Tukey's multiple comparisons test. Comparison between CTL and STF-62247 are indicated with the * symbol and comparisons between Cr 2 or Cr3 SETD2 and Cr CTL are indicated with the # symbol. (*p<0.05, **p<0.01, ***p<0.001 or ###p<0.001).
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Figure S7. Cell cycle-related proteins in GFP-SETD2 model. A) Western blot analysis of cell cycle phases in 786-0/VHL Cr1 SETD2 (EV) and 786-0/VHL Cr1 SETD2 + GFP-SETD2 treated with 3 µM STF-62247 for 48 h. B) Quantification of the proteins impacted by STF-62247 in 786-0/VHL Cr 1 SETD2. Statistically significant differences were tested with a two-way ANOVA followed by Sidak's multiple comparisons test. Results are presented as the mean ± SEM (N=3, *p<0.05, **p<0.01, ***p<0.001).
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Figure S8. Pyroptosis-like cell death observed in RCC4/VHL Cr SETD2 cells. Western blot analysis confirms that caspase-3 and gasdermin E are cleaved in RCC4/VHL Cr SETD2 treated with STF-62247. Cells were treated with 1.5 µM STF-62247 for 48 h or 10 µM raptinal for 2 h.





 

Table S1. Culture medium used for the cell lines  

Cell line  Media Supplements 

786-0 DMEM (Wisent, 319-

030-CL) 

10% FBS (Wisent, 080-150) + 2 mM Gln (Wisent, 609-

065-EL) + 1 mM Sodium pyruvate (HyClone, 

SH30239.01) 

RCC4 DMEM  10% FBS + 2 mM Gln + 1mM Sodium pyruvate 

A704 EMEM (Wisent, 320-

005-CL) 

10% FBS + 1 mM Sodium pyruvate + 1% Non-

Essential Amino Acids 

RCC-ER RPMI 1640 (Wisent, 

350-000-CL) 

10% FBS  

769P RPMI 1640  10% FBS + 1 mM Sodium pyruvate 

HEK293 EMEM  10% FBS + 1 mM Sodium pyruvate + 1% Non-

Essential Amino Acids 

Mero-41 Ham’s F-10 (Wisent, 

318-051-CL) 

15% FBS 

A549 DMEM  10% FBS + 2 mM Gln 

HCT116 McCoy’s (Wisent, 

317-010-CL) 

10% FBS 

PC-3 RPMI 1640  10% FBS  

 



Table S2. List of drugs used in this study 

Reagent Manufacturer Catalog number 

Apilimod Selleckchem S6414 

APY0201 Cayman Chemical 9001589 

Axitinib Cayman Chemical 13813 

AZD8186 Cayman Chemical 17384 

Bafilomycin A1 Cayman Chemical 11038 

BAY 43-9006 Cayman Chemical 10009644 

Brefeldin A Cayman Chemical 11861 

CA-074 methyl ester Cayman Chemical 18469 

Cisplatin Cayman Chemical 13119 

Dynasore Sigma Aldrich D7693 

Everolimus Cayman Chemical 11597 

Hydroxychloroquine Cayman Chemical 30709 

Pazopanib Cayman Chemical 12097 

Raptinal AdipoGen AG-CR1-2902-M001 

Sunitinib Cayman Chemical 13159 

STF-62247 APExBIO B2151 

Vacuolin-1 Cayman Chemical 20425 

YM-201636 Cayman Chemical 13576 

   

 



 

 

 

 

Table S3. List of antibodies used in this study 

Antibody Host Manufacturer  Catalog number 

VHL Rabbit Cell Signaling 68547 

HIF-1a Rabbit Cell Signaling 14179 

HIF-2a Rabbit Cell Signaling 59973 

PBRM1/BAF180 Rabbit Cell Signaling 91894 

SETD2 Rabbit Cell Signaling 80290 

BAP1 Rabbit Cell Signaling 13271 

H3K36me3 Rabbit Cell Signaling 4909 

H3 Rabbit Cell Signaling 4499 

Thymidine Kinase 1 Rabbit Cell Signaling 28755 

CDT1 Rabbit Cell Signaling 8064 

Cyclin A2 Rabbit Cell Signaling 91500 

Cyclin B1 Rabbit Cell Signaling 12231 

Cyclin D1 Rabbit Cell Signaling 55506 

Cyclin E1 Rabbit Cell Signaling 20808 

Geminin Rabbit Cell Signaling 52508 

Phospho-CDC2 (Tyr15) Rabbit Cell Signaling 4539 

Phospho-H3 (Ser10) Rabbit Cell Signaling 53348 

CHK1 Rabbit Abcam Ab40866 

Phospho-CHK1 (Ser345) Rabbit Cell Signaling 2341 

CHK2 Rabbit Cell Signaling 2662 

Phospho-CHK2 (Thr68) Rabbit Cell Signaling 2661 

WEE1 Rabbit Cell Signaling 13084 

Phospho-WEE1 (Ser642) Rabbit Cell Signaling 4910 

CDC25A Mouse Santa Cruz SC-7389 

Caspase-3 Rabbit Cell Signaling 14220 

Gasdermin E Rabbit Cell Signaling 84005 

γH2AX Rabbit Cell Signaling 9718 



 

 

Table S4. List of primers for CRISPR/Cas9 gene editing 

gRNA Primer Sequence (5'-3') 
 

Cr1 SETD2 Forward CACCGGAGAGTGTTGTGGCTTGGGC 

 
Reverse AAACGCCCAAGCCACAACACTCTCC 

Cr2 SETD2 Forward CACCGGTTGTGTATGATCGAACTCA 

 
Reverse AAACTGAGTTCGATCATACACAACC 

Cr3 SETD2 Forward CACCGTGCGGATCAGCCAATTGCCG 

 
Reverse AAACCGGCAATTGGCTGATCCGCAC 

Cr7 SETD2 Forward CACCGGGACTGTGAACGGACAACTG 

 
Reverse AAACCAGTTGTCCGTTCACAGTCCC 

Cr8 SETD2 Forward CACCGGACTGTGAACGGACAACTG 

 
Reverse AAACTCAGTTGTCCGTTCACAGTCC 

Cr PBRM1 Forward CACCGTCTTCTTCTCTTGGAACCCA 

 
Reverse AAACTGGGTTCCAAGAGAAGAAGAC 
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