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Figure S1. The regulation of SFMBT1 by pVHL was independent of HIF signaling, and
SFMBT2 was not regulated by pVHL, related to Figure 1.

(A) Immunoblots for lysates from 786-O and UMRC2 cells transduced with lentivirus expressing
control sgRNA (Ctrl) or HIF1B sgRNAs (1 and 2).

(B) Immunoblots for lysates from 786-0 transduced with lentivirus expressing control sgRNA
(Ctrl) or HIF2a sgRNAs (4 and 6).

(C) Immunobilots for lysates from cells transduced (786-O, UMRC2 and RCC4) with lentivirus

expressing control (Ctrl) or HA-pVHL and cells transfected (UMRCG6) with control vector (Ctrl) or
HA-pVHL.
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Figure S2. SFMBT1 stability is regulated by pVHL through EgIN1 hydroxylation, related to
Figure 2.

(A) Immunoprecipitaiton and immunblots from 786-0 cells transduced with lentivirus expressing
either control vector (Ctrl) or HA-pVHL.

(B) GST-pull down assay between GST (EV) or GST-pVHL and IVT SFMBT1. Bands of GST-
pVHL are indicated by arrows.

(C) GST-pull down assay between GST-pVHL and endogenous SFMBT1 from 786-0 cells with

indicated drugs treatment.

(D) Schematic diagram of SFMBT1 prolyl hydroxylation identification strategy by mass
spectrometry.

(E) Intensity values of two potential prolyl hydroxylation sites (Pro106 and Pro651) identified in

two independent mass spectrometry assays.

(F-G) MS/MS spectrum for identified hydroxylated SFMBT1 peptides at Pro106 (F) and Pro651
(G).

(H) Effect of Flag-pVHL on ubiquitination of transfected HA-SFMBT1 in 293T cells.

() GST-pull down assay between GST (EV) or GST-EgINs (EgIN1, EgIN2 and EgIN3) and
endogenous SFMBT1 in 786-0 cell lysate. Bands of GST-EgINs are indicated by arrows.

(J) Schematic diagram of capture of biotinylated peptides by Flag-VHL after in vitro hydroxylation.

(K) CPM value with HIF1a and SFMBT1 peptide at the indicated concentration with the in vitro
hydroxylation assay. NC denotes for negative control (With 100m HIF1a peptide or 100 OUm
SFMBTL1 peptide but without the EgIN1). **, P<0.01; ***, P<0.001.

(L) Km and Vmax of SFMBT1 peptide.
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Figure S3. Related to Figure 3.
(A) Relative SFMBT1 mRNA level in indicated ccRCC paired patient normal (N) and tumor (T)

tissues. *,P<0.05; ** P<0.01; ***, P<0.001.
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(B) SFMBT1 expression level is upregulated in pVHL-null-induced renal cancer using a novel

ccRCC mouse model (Bailey et al., 2017).
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Figure S4. SFMBTL1 regulates ccRCC cell proliferation, anchorage-independent

growth, related to Figure 4.

(A) Quantification of soft agar assays of 786-O transduced with lentivirus expressing either
control shRNA (Ctrl) or SFMBT1 shRNAs (sh1l, sh2 and sh3).

(B-E) Immunoblots for lysates (B), cell proliferation assays (C), representative anchorage-
independent growth assays (D) and quantification of soft agar assays(E) of UMRC2 cells
transduced with lentivirus expressing either control shRNA (Ctrl) or SFMBT1 shRNAs (shl
and sh3). * SFMBT1 sh1l/sh3 vs Ctrl; **, P<0.01; ***, P<0.001.

(F) Quantification of soft agar assays of UMRC2 cells transduced with lentivirus expressing
either control shRNA (Ctrl) or SFMBT1 shi, followed by infection with lentivirus encoding
empty vector (EV) or HA-SFMBT1 shl-resistant (resistant). **, P<0.01; ***, P<0.001.

(G) Quantification of soft agar assays of UMRC2 luciferase stable cells infected with lentivirus
encoding either Teton control shRNA (Ctrl) or Teton-SFMBT1 shRNA1 (shl) and treated
with or without doxycycline as indicated. **, P<0.01; ***, P<0.001.

(H-K) Immunoblots for lysates (H), cell proliferation assays (I), representative anchorage-
independent growth assays (J) and quantification of soft agar assays(K) of 786-0 luciferase
stable cells infected with lentivirus encoding either Teton control shRNA (Ctrl) or Teton-
SFMBTL1 shl and treated with or without doxycycline as indicated. * sh1+DOX vs Ctrl-

DOXI/Ctrl+DOX/sh1-DOX; **, P<0.01; ***, P<0.001.
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Figure S5. Identification of critical SFMBT1 direct target genes in ccRCC, related to
Figure 5 and Figure 6.

(A) Chip-Seq binding sites overlap for indicated transcription factors SFMBT1, HIF2a, and
HIF1p3, as well as H3K4mel, H3K4me3, H3K27ac and H3K27me3.

(B) Overlap between SFMBT1 and HIF2 activated genes derived from RNA-segs. HIF2a activated
target genes in 786-O were analyzed from HIF2a siRNA RNA-seq data available online
(GSE102097) (Yao et al., 2017).

(C) Over-enriched transcription factor motifs for sites unique to SFMBT1. The general family of
transcription factors is shown alongside the -log10 p-value of enrichment compared to nearby
background sequence.

(D) Overlap between SFMBTL1 binding sites and genes that are positively regulated by SFMBT1
from RNA-seq.

(E) SFMBT1 direct target gene list.

(F) ChIP-Seq binding sites of SFMBT1, HIF2a, and HIF1p, as well as H3K4mel, H3K4me3, and
H3K27Ac for 16 target genes.
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Figure S6. SPHK1 is an SFMBT1 direct target gene in ccRCC, related to Figure 6.

(A) Box plots of SPHK1 expression between normal and ccRCC tumors in TGCA.

(B) Kaplan—Meier (K-M) plot of SPHK1 in TCGA Kidney Clear Cell Carcinoma (KIRC) data set.
(C) Box plots of SPHK1 expression between different stages of ccRCC tumors.

(D) Immunoblots for lysates from cells transduced (786-O and UMRC2) with lentivirus expressing
either control (Ctrl) or HA-pVHL and cells transfected (UMRCG6) with control vector (Ctrl) or HA-
pVHL.

(E) Immunobilots for lysates from 786-O cells transduced with lentivirus expressing either empty
vector (EV) or SFMBT1 sil-resistant, followed by transfection with control siRNA or SFMBTL1 sil.

(F) Immunoblots for lysates from 786-O cells transduced with lentivirus expressing either HIF2a
control sgRNA (Ctrl) or sgRNAs (4 and 6).

(G) Immunobilots for lysates from 786-0 cells transduced with lentivirus expressing either HIF13
control sgRNA (Ctrl) or sgRNAs (1 and 2).

(H) Quantification of soft agar assays in Flag-VHL-UMRC2 cells transduced with lentivirus
expressing either empty vector (EV), HA-SFMBT1 or P651A. **, P<0.01.

(I-L) Immunoblots for lysates (I), cell proliferation assays (J), representative anchorage-
independent growth assays (K) and quantification of soft agar assays (L) in HKC cells transduced
with lentivirus expressing either empty vector (EV), HA-SFMBT1 or P651A. * EV vs P651A; #
SFMBTL1 vs P651A. **/## P<0.01.

(M-N) Immunoblots for lysates (M) and cell proliferation assays (N) in HKC cells infected with
lentivirus encoding either empty vector (EV), HA-SFMBT1 (SFMBT1) or P651A mutant under
normoxia or hypoxia.* Hypoxia Ctrl vs Normoxia Ctrol; # Hypoxia SFMBT1 wt vs Normoxia
SFMBT1 wt. **/*# P<0.01.

(O-R) Immunoblots for lysates (O), cell proliferation assays (P), representative anchorage-
independent growth assays (Q) and quantification of soft agar assays (R) in 786-O cells treated
with indicated concentration of SPHK1 inhibitor PF543. *120nm vs Ctrl; **, P<0.01.

(S-V) Immunoblots for lysates (S), cell proliferation assays (T), representative anchorage-

independent growth assays (U) and quantification of soft agar assays (V) in UMRC2 cells treated



with indicated concentration of SPHK1 inhibitor PF543. *120nm vs Ctrl; # 60nm vs Ctrl; **/# #,
P<0.01.

(W) Quantification of soft agar assays in Flag-VHL-UMRC2 cells infected with lentivirus encoding
either empty vector (EV), P651A or P651A with PF543 treatment. *, P<0.05; **, P<0.01.

(X) Quantification of soft agar assays in 786-O cells transduced with lentivirus expressing either
SFMBT1 shRNA control (Ctrl) or SFMBT1 sh1l, followed by infection with lentivirus encoding either
empty vector (EV) or v56-SPHK1. *** P<0.001
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Figure S7. SPHK1 regulates ccRCC cell proliferation, anchorage-independent growth and
tumorigenesis, related to Figure 7.

(A-D) Immunoblots for lysates (A), cell proliferation assays (B), representative anchorage-
independent growth assays (C) and quantification of soft agar assays (D) in HKC cells treated
with indicated concentration of SPHK1 inhibitor PF543.

(E-H) Immunobilots for lysates (E), cell proliferation assays (F), representative anchorage-
independent growth assays (G) and quantification of soft agar assays (H) in 786-O cells
transduced with lentivirus expressing either control shRNA (Ctrl) or SPHK1 shRNAs (shl and
sh2 ). * SPHK1 shl/sh2 vs Ctrl.

(I-L) Immunobilots for lysates (1), cell proliferation assays (J), representative anchorage-
independent growth assays (K) and quantification of soft agar assays (L) in UMRC2 cells
transduced with lentivirus expressing either control sShRNA (Ctrl) or SPHK1 shRNAs (sh1 and
sh2). * SPHK1 sh1/sh2 vs Citrl.

(M-N) Correlation analysis between SFMBT1 and SPHK1 expression level in non-tumor (N) (E)
and tumor (T) (F) tissues.

(O) Immunoblots of lysates from gross tumors at necropsy of mice injected with 786-O cells
treated with Vehicle or PF-543for SPHK1/2.

(P) Gross tumors (including kidney and tumor tissue) at necropsy of mice injected with 786-O
cells treated with Vehicle or PF-543.

(Q) Plot of gross tumor weights at necropsy of mice injected with 786-O cells treated with
Vehicle or PF-543.



TABLE S1. SHRNA SEQUENCES, REAL-TIME PCR PRIMER SEQUENCES, CHIP-QPCR
PRIMERS, related to STAR Methods section.

Oligonucleotides

Control shRNA: This paper N/A
AACAGTCGCGTTTGCGACTGG

SFMBT1 shRNAL: This paper N/A
GCTACTGTTGAGATAGTGAAA

SFMBT1 shRNA2: This paper N/A
CCTTCAGCCATTAGACATCTA

SFMBT1 shRNAS3: This paper N/A
GAAGCCTATACCTGAATGTAT

SFMBT1 siRNA1: This paper N/A
TGGCAGACGTTGTGCGGTT

SFMBT1 siRNA2: This paper N/A
GGAAAGAGTTATCGGGCTA

SPHK1 shRNAZ: This paper N/A
GCAGCTTCCTTGAACCATTAT

SPHK1 shRNAZ2: This paper N/A
GCAGGCATATGGAGTATGAAT

Real-Time PCR Primer: This paper N/A
B-Actin

F: AGAAAATCTGGCACCACACC
R:GGGGTGTTGAAGGTCTCAAA

Real-Time PCR Primer: This paper N/A
SFMBT1

F: ACG GAT GTG GGG AAG TCC TA
R: GGC AGA ATT CAG TCA CCC GA

Real-Time PCR Primer: This paper N/A
TGFB3

F:ACTTGGAGGAGAACTGCTGTG
R: GCAGATGCTTCAGGGTTCAG

Real-Time PCR Primer: This paper N/A
MCIR

F: CTTAAAGGCGCTGTCACCCT
R: GCATTGCAGATGATGAGGGC

Real-Time PCR Primer: This paper N/A
MAPLC3C

F: GCTGGTGAACAACAAGAGCC
R: TCCAGGCAGCCAAATGTCTC

Real-Time PCR Primer: This paper N/A
RRAD1

F: CTGTTTGAAGGTGTCGTGCG
R: GCCTTTTTGCCAAGGCTCTC

Real-Time PCR Primer: This paper N/A
SEMA3A

F: GCAATTACCTCTGCCATGCG
R: ACCAGACCTTCTGGCTAGGT

Real-Time PCR Primer: This paper N/A
EPHAG

F: CTATGAGAAAGAACATGAGCAGC
R: CGCAGTTCTCACTCGGATGT




Real-Time PCR Primer:

SLC7A11

F: TCCATGAACGGTGGTGTGTT
R: TGGTAGAGGAGTGTGCTTGC

This paper

N/A

Real-Time PCR Primer:

RUNX2

F: TCTGGCCTTCCACTCTCAGTA
R: GGACATGCCTGAGGTGACTG

This paper

N/A

Real-Time PCR Primer:
TMEM132A

F: AGTCTGCCAACACACAGGTC
R: GGTGTCGGTGAGCTCGATAC

This paper

N/A

Real-Time PCR Primer:

TP53IN1

F: AGTCCCAGAGTGGAAGCTCA
R: TGGCGACGAAGGCTATTTCT

This paper

N/A

Real-Time PCR Primer:

DUSP10

F: ATGAGCCAAGCCGAGTGATG
R: TCTTGGAGCTGGAGGGAGTT

This paper

N/A

Real-Time PCR Primer:

CCDC57

F: CTTGAGGAGCTCGACGGTGA
R: TGCTCCCTCTTCCGCATTTT

This paper

N/A

Real-Time PCR Primer:

CNPY3

F: GAGGAGAACGACTGGGTTCG
R: CTGACTTCAGCTCCACAGCA

This paper

N/A

Real-Time PCR Primer:

SH3KBP1

F: GACGATCAGCGTGGGTGAAA
R: CAGGGGCTTTTCTGGAGCTT

This paper

N/A

Real-Time PCR Primer:

SPHK1

F: CCGGTAGATGCACACCTTGT
R: TGGGTGCAGCAAACATCTCA

This paper

N/A

Real-Time PCR Primer:
ARHGAP4

F: CAAGCTGGGTTTCTCGTGC
R: AGCAGTCCATGAGGTCCAAG

This paper

N/A

ChIP-gqPCR primers:

TGFB3

F: TTTGCGAGTCCTCTCGTTCG
R: AACGTGTGGCAGGAGTGATT

This paper

N/A

ChIP-gPCR primers:

MCIR

F: ATGGAGGTGGCTTGTGAGTG
R: ACCGCATCAGGGTTTTCAGT

This paper

N/A

ChIP-gPCR primers:

MAPLC3C

F: TGACTCAGCGTGAGTGTTAGG
R: AAGACACCACTGGACTTCCG

This paper

N/A

ChIP-qPCR primers:

RRAD1

F: GAGAGAGAGAGCGAGGTTGC
R: AGAATTCAGTCTCACGGGGC

This paper

N/A




ChIP-gPCR primers:

SEMA3A

F: GCCAGGCACCGGATAATGAG
R: GATTAGAGACTGCCACCGGC

This paper

N/A

ChIP-gPCR primers:

EPHA6

F: GCCACTTTCCAGCCTCATGT
R: AAACTTGACCAGCAGAGCGA

This paper

N/A

ChIP-gPCR primers:

SLC7A11

F: ATTCTCCACCTCCTCGTTCCA
R: GTGACAGGCAGGCGCTTAAA

This paper

N/A

ChIP-gPCR primers:

RUNX2

F: ACCCCATTCCAAGCTGCAAA
R: TGCCGGAGTCTTTGGAACAC

This paper

N/A

ChIP-gPCR primers:

TMEM132A

F: TCAGAAGCTTCCGTGAGGGAG
R: GTCCCTGGAAGCAACAGAGGA

This paper

N/A

ChIP-gPCR primers:

TP53IN1

F: GCTGTCTTCGGAGATGCGT
R: GGAGTTTGGTCTCTGCCTCC

This paper

N/A

ChIP-gPCR primers:

DUSP10

F: ATCACCGTCCCTAGTGGGAA
R: CGCGAATTTTGGCTTAGCGT

This paper

N/A

ChIP-gPCR primers:

CCDC57

F: CCCGCACCTCACCCTAACG
R: GGACCCCGTTTCCTGTCGG

This paper

N/A

ChIP-gPCR primers:

CNPY3

F: GAGGGAAGTGACGTTCGAGG
R: CCTCAGCGACCTATGGCAAA

This paper

N/A

ChIP-gqPCR primers:

SH3KBP1

F: CAAGTGGGAGTGAATGGGGG
R: GTCCACTTCAGCCTTGAGGG

This paper

N/A

ChIP-gqPCR primers:

SPHK1

F: GCCTTCTAGCCAGACGCCTA
R: CCACGAGCTGGTTCCCG

This paper

N/A

ChIP-gPCR primers:

ARHGAP4

F: ATCAGAGCCTGGGAACGAAC
R: TTGGCTTAAGACGTGGGCTT

This paper

N/A




