Supplementary information for the manuscript entitled:

Genome-wide CRISPR/Cas9 library screening identified
PHGDH as a critical driver for Sorafenib resistance in
HCC
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Supplementary Figure 1: CRISPR/Cas9 knockout library screening in HCC cells. (a) The stable expression of
Cas9 was confirmed by Western blot. (b) The proliferation of HCC cell was significantly suppressed by Sorafenib
treatment, thereby ensuring an effective selective pressure for the genetic screening (Blue connected dots: vehicle
treated group; Red connected dots: Sorafenib treated group). (¢) Comparison of the median read count of all sgRNAs
in vehicle and Sorafenib treated samples. The overall reduced sgRNA median read count and more outliers in
Sorafenib treatment suggested an effective library screening. (d) The top 10 negatively selected genes in the genome-
wide CRISPR/Cas9 knockout screening. (e) Pathway analysis (DAVID Bioinformatics Resources 6.8) suggested that
the negatively selected genes identified by genome-wide knockout screening in HCC cells upon Sorafenib treatment
were involved in cell growth and adhesion, protein tyrosine kinase activity, lipid and phosphatidylserine metabolic
process, and regulation of MAPK cascade. Source data are provided as a Source Data file. (Student t-test * P < 0.05,

** P <0.01, *** P <0.001)
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Supplementary Figure 2: Validation of the CRIPSR/Cas9 knockout library screening experiment. (a) Knockdown of the
genes including AKT1S1, TBL1Y, SKAP2, and AMPD?2 on the top of the candidate list also sensitized HCC cells to sorafenib
treatment as suggested by the apoptosis assay (Blue bar: non-target control; Red bar: knockdown clones). (b) The previously
reported 1580 essential genes were significantly depleted at day 7 of vehicle control group as compared to day 0. (¢) The cell
viability in Sorafenib resistant MHCCO7L is higher than that of parental cells upon 10 mM and 20 mM sorafenib treatment.
The apoptotic cell population was also dramatically decreased in resistant cells treated with SuM Sorafenib. (d) Apoptosis of
parental and Sorafenib resistant MHCC97L upon Sorafenib, NCT-503, and Sorafenib plus NCT-503 co-treatment were
assessed by Annexin V/PI staining. Co-treatment of NCT-503 effectively overcame Sorafenib resistance in MHCC97L cells
(Blue bar: MHCC97L parental cells; Red bar: Sorafenib resistant MHCC97L cells). (e¢) The induced mRNA expression of
PHGDH, PSAT1, PSPH upon Sorafenib treatment was further validated by qRT-PCR. The error bar represents the SEM, n=3
biological independent samples. Source data are provided as a Source Data file. (Student t-test * P < 0.05, ** P < 0.01, *** P <
0.001)
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Supplementary Figure 3: The intracellular serine content was significantly induced by Sorafenib
treatment. (a) The schematic diagram of C13 carbon tracing experiment in glycolytic metabolism and serine
synthesis pathway. (b) The C13 serine in HCC cells was significantly increased upon Sorafenib treatment
while the C12 serine was maintained in the same level (Black Bar: DMSO treated group; Red bar: Sorafenib

treated group). The error bar represents the SEM, n=3 biological independent samples. Source data are

provided as a Source Data file. (Student t-test * P <0.05)
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Supplementary Figure 4: The increased ROS in HCC cells upon Sorafenib treatment was produced in
mitochondria. (a) Sorafenib treatment augmented ROS level in mitochondria of HCC cells. Knockdown of PHGDH
intensified the Sorafenib-induced ROS in mitochondria of HCC cells (Black line: non-target control treated with
vehicle; Orange line: non-target control treated with Sorafenib; Blue line: PHGDH knockdown clones treated with
vehicle; Purple line: PHGDH knockdown clones treated with Sorafenib). (b) The cristae of mitochondria in HCC
cells were less intact after single drug treatments and were further exacerbated with combined treatment. The error
bar represents the SEM, n=3 biological independent samples. Source data are provided as a Source Data file. (Student

t-test * P < 0.05, ** P <0.01, *** P <0.001)
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Supplementary Figure 5: PHGDH is one of the transcriptional targets of NRF2 and ATF4. (a) The expression
of NRF2 was significantly induced in HCC cells treated with Sorafenib. (b) The mRNA expression of 4TF4 was
successfully knocked down in HCC cells. Sorafenib treatment significantly induced 47F4 expression in HCC cells
but not that significant in 47F4 knockdown cell lines (Blue bar: vehicle treated group; Red bar: Sorafenib treated
group). (¢) The expression of PHGDH upon Sorafenib treatment was significantly decreased in ATF4 stable
knockdown cells in mRNA level (Blue bar: vehicle treated group; Red bar: Sorafenib treated group). (d) The
expression of PHGDH upon Sorafenib treatment was significantly decreased in 4TF4 stable knockdown cells in
protein level. The error bar represents the SEM, n=3 biological independent samples. Source data are provided as a

Source Data file. (Student t-test * P <0.05, ** P <0.01, *** P <0.001)
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Supplementary Figure 6: PHGDH inhibitors, CBR-5884 and NCT-502, sensitized HCC cells to Sorafenib
treatment. (a) The GI50 of CBR-5884 and NCT-502 were determined in MHCC97L cells. (b) Treatment of
CBR-5884 and NCT-502 at 40uM for 48 hours could augment the Sorafenib induced apoptosis in HCC cells.

The error bar represents the SEM, n=3 biological independent samples. Source data are provided as a Source

Data file. (Student t-test * P < 0.05, ** P <0.01, *** P <0.001)
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RAF inhibitor

EIF Proteins LOF

'VEGFR inhibitor

Glycogen synthase kinase inhibitor
PDGFRI/KIT inhibitor

Cannabinoid receptor agonist

ATP synthase inhibitor

BCL inhibitor

Estrogen receptor antagonist

HIV protease inhibitor

Poly ADP ribose polymerases LOF
FGFR inhibitor

Aminoacyl tRNA synthetases class Il LOF
HIF activator

IKK inhibitor

Aurora kinase inhibitor

Bacterial 30S ribosomal subunit inhibitor
T-type calcium channel blocker
Norepinephrine reuptake inhibitor

Heat shock 70kDa proteins LOF
Nucleophosmin inhibitor

Proteasome inhibitor

Targets of VEGFR inhibitors GOF

HSP inhibitor

NADH ubiguinone oxidoreductase supemumerary subunits LOF
NADH ubiquinone oxidoreductase core subunits GOF

SRC inhibitor

DNA synthesis inhibitor

Tachykinin antagonist

Sirtuins GOF

IMPDH inhibitor

Akt Signaling GOF

EMSY complex LOF

Tricyclic antidepressant

Serotonin receptor antagonist

5100 calcium binding proteins LOF
Protein phosphatase catalytic subunits LOF
Wt family GOF

Dopamine receptor antagonist
Benzodiazepine receptor agonist
Mitogen activated protein kinases LOF
Integrin subunits beta LOF

IGF-1 inhibitor

P38 MAPK inhibitor

Tumor necrosis factor superfamily LOF
MEK inhibitor

C2 domain containing protein kinases LOF
Bromodomain Inhibitor

CDK inhibitor

Purinergic receptors P2Y GOF.

Serpin peptidase inibitors LOF
Serotonin receptor agonist

Trace amine receptors LOF

Leucine rich repeat kinase inhibitor
PI3K Signaling LOF

Vesicular Transport LOF

HRH1 antagonist

Progesterone receptor antagonist
TGF beta receptor inhibitor

GPCR Subset GOF

Calcium channel blocker

Dihydrofolate reductase inhibitor
Sodium channel blocker

Baculoviral IAP repeat domain containing LOF

Wt family LOF
Na-K-Cl transporter inhibitor

PRD class homeoboxes and psudogenes LOF

Cyclooxygenase inhibitor
Phospholipases LOF

General transcription factors group 2 LOF
Sterol demethylase inhibitor

Supressors of cytokine signaling GOF
G2 M Checkpoint LOF

Non Homologous End Joining LOF
MCM family LOF

Sigma receptor antagonist

Serine proteases GOF

X linked mental retardation group 2 LOF
Androgen receptor modulator
Thymidylate synthase inhibitor

PPAR receptor agonist

GCK receptor antagonist

Cyclin dependent kinases LOF
Phospholipases GOF

Potassium channel activator

IL4 Pathway LOF

DNA dependent protein kinase inhibitor
X linked mental retardation group 1 LOF
Gamma secretase inhibitor

Estrogen receptor agonist

JAK inhibitor

Calmodulin antagonist

Interleukins GOF

DNA polymerase inhibitor

Cyclins LOF

General transcription factors group 1 LOF
GABA receptor antagonist

MDM inhibitor

GATA Zinc finger domain containing LOF
Thromboxane receptor antagonist
Integrin subunits alpha LOF

Akt Signaling LOF

Bile acid

Interleukin receptors LOF
Ribonucleotide reductase inhibitor
Adenosine receptor agonist

SRY LOF

Potassium channel blocker

Nucleoporin LOF

Aldehyde dehydrogenases LOF
Canonical high mobilty group proteins LOF
Kruppel like transcription factors LOF

V type ATPases LOF

Imidazoline ligand

Beta-adrenergic receptor agonist
Lipocalins GOF

NKL subclass homeoboxes and pseudogenes LOF

Aromatase inhibitor
HMGCR inhibitor

NFKB pathway inhibitor
Ubiquitin-specific peptidases LOF
Reverse transcriptase inhibitor
Apolipoproteins LOF

Toll like receptors LOF

LIM class homeoboxes GOF
Mitochondrial complex IV LOF

Structural maintenance of chromosomes proteins LOF

Retinoid receptor agonist

HOXL subclass homeoboxes LOF
Bacterial DNA gyrase inhibitor
Lysine acetyltransferases LOF
KCNJ11 modulator

Rho associated kinase inhibitor
FXR antagonist

HDAC inhibitor

Nucleoside reverse transcriptase inhibitor
SMAD family LOF

Topoisomerase inhibitor

Bacterial cell wall synthesis inhibitor
AHSP Pathway LOF

Angiotensin receptor antagonist
PKA inhibitor

Progesterone receptor agonist

Zinc fingers RanBP2 type LOF
Vitamin D receptor agonist

Histone deacetylases LOF

PARP inhibitor

BMP Signaling LOF

Minor histocompatibility antigens LOF
Rho GTPase activating proteins LOF
PKC activator

RNA Polymerase Enzymes LOF
NFKB Activation GOF

Tubulin inhibitor

FOS transcription factor family GOF
DNA Replication LOF

ATPase inhibitor

C2 domain containing LOF
Ribosomal 40s Subunit LOF
Proteasome Pathway LOF
Homeobox Gene GOF

Mediator complex LOF

Cell Cycle Inhibition GOF

Kinase anchoring proteins LOF
Protein synthesis inhibitor
Glucocorticoid receptor agonist

1
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RAF inhibitor
—————— VEGFR inhibitor
———_"—— PDGFRIKIT inhibitor
EGFR inhibitor

FLT3 inhibitor

Supplementary Figure 7: SSP was induced in various
cancers upon treatment of Sorafenib-like molecular. 171
pharmacology classes defined by CMap were ranked by
their ability of inducing PHGDH, PSATI, and PSPH
expression across 9 common cell lines. Among them, the
Sorafenib related pharmacology classes (RAF inhibitor,
VEGEFR inhibitor, PDGFR/KIT inhibitor, EGFR inhibitor,
FLT3 inhibitor) are highly ranked in the list. Source data

are provided as a Source Data file.



Supplementary Table 1: The summary of small molecules sharing the same
mechanisms of actions with Sorafenib.

Drug Mechanisms of action

vemurafenib  RAF inhibitor
PD-173074 VEGFR inhibitor
ENMD-2076  VEGFR inhibitor, FLT3 inhibitor

KIT inhibitor, RAF inhibitor, PDGFR receptor inhibitor, VEGFR inhibitor,
FLT3 inhibitor, RET tyrosine kinase inhibitor

pazopanib KIT inhibitor, PDGFR receptor inhibitor, VEGFR inhibitor
D-64406 PDGFR receptor inhibitor
PLX-4720 RAF inhibitor

KIT inhibitor, PDGFR receptor inhibitor, VEGFR inhibitor, FLT3 inhibitor,

sorafenib

sunitinib RET tyrosine kinase inhibitor

AG-879 VEGFR inhibitor

tivozanib VEGFR inhibitor

HG-6-64-01 RAF inhibitor

dasatinib KIT inhibitor, PDGFR receptor inhibitor
SU-1498 VEGFR inhibitor

tozasertib FLT3 inhibitor




