SUPPLEMENTARY MATERIALS

Nephrotoxicity of the BRAF-kinase inhibitor Vemurafenib is driven by

off-target Ferrochelatase inhibition

Yuntao Bai'¥, Ji Young Kim®, Bijay Bisunke?, Laura A. Jayne?, Josie A. Silvarolit, Michael
S. Balzer®, Megha Gandhi?, Kevin M. Huang?, Veronika Sander#, Jason Prosek®, Rachel E.
Cianciolo®, Sharyn D. Baker?!, Alex Sparreboom?, Kenar D. Jhaveri’, Katalin Susztak®,

Amandeep Bajwa?, Navjot Singh Pabla

e Supplementary material and methods
e Supplementary References
e Supplementary Figure 1

e Supplementary Figure 2

e Supplementary Figure 3

e Supplementary Figure 4

e Supplementary Figure 5

e Supplementary Figure 6

e Supplementary Figure 7

e Supplementary Figure 8

e Supplementary Figure 9

e Supplementary Figure 10

e Supplementary Figure 11

e Supplementary Figure 12

e Supplementary Figure 13

e Supplementary Figure 14

e Supplementary Figure 15

e Supplementary Figure 16

e Supplementary Figure 17

e Supplementary Figure 18



SUPPLEMENTARY METHODS

Cell culture and reagents. The human renal tubular epithelial cell line, HK-2 cells (CRL-2190)
were obtained from American Type Culture Collection (ATCC) and were grown in keratinocyte
media (K-SFM) supplemented with 10% fetal bovine serum as described previously. The murine
renal tubular epithelial cell line, Boston University mouse proximal tubule cells (BUMPT, clone
306) were generated by Drs. Wilfred Lieberthal and John Schwartz, Boston University School of
Medicine, Boston, MA, and were obtained from Dr. Zheng Dong, Augusta University, Augusta,
GA). These cells were grown at 37 °C in Dulbecco’s modified Eagle’s medium with 10% fetal
bovine serum as described recently!. Cisplatin, vemurafenib and other kinase inhibitors were
obtained from Sigma-Aldrich or Selleckchem. MEK kinase kit was obtained from Sigma-Aldrich

(CS0490).

Kinase gatekeeper mutants. The protein kinase plasmids (pCMV6-entry backbone and FLAG
tagged) were obtained from Origene. The QuikChange Il XL Site-Directed Mutagenesis Kit
(Agilent) was utilized to generate mutants, according to methods described in our previous
studies?®. The mutagenesis primers for generating the gatekeeper mutations were designed with
the help of QuikChange primer design program. Successful mutagenesis was confirmed by DNA
sequencing. Lipofectamine LTX (Life Technologies) reagent was used for transient transfection
of vector, wild type and gatekeeper mutant plasmids in BUMPT cells for 24 hours, followed by

vemurafenib treatment and assessment of cellular viability.

Primary murine tubular cell culture. Primary RTECs were isolated from 6-8 weeks old mice
using previously well-established methods®. Briefly, after euthanasia, kidneys were removed and
renal cortical tissues were minced and digested with 0.75 mg/ml collagenase IV (Thermo-Fisher
Scientific). After enzymatic tissue dissociation, cells were centrifuged at 2000 g for 10 min in
DMEM/F-12 medium with 32% Percoll (Amersham). Subsequently, the pellets were rinsed with

serum-free media and cells were cultured in DMEM/F-12 medium supplemented with 5 pg/ml



transferrin, 5 ug/ml insulin, 0.05uM hydrocortisone, and 50 uM vitamin C on collagen-coated
dishes. Approximately one week later on reaching full confluency, the cells were trypsinized and
plated at 1 x 10° cells per well in 24-well plates for subsequent experiments. For in vitro Braf gene
deletion, primary cells from Braf floxed mice were transduced with high-titer (1 x 108 CFU/ml) LV-
CMV-Cre-GFP lentivirus (Kerafast), followed by confirmation by immunoblot analysis at 48 hours.
For cell viability and drug treatment experiments, primary RTECs were incubated with 50 yM
vemurafenib or vehicle (DMSO) in fresh culture medium for 48 h, followed by viability (trypan blue

and MTT) and caspase assays.

Cell viability and caspase assays. For the assessment of cellular viability, we utilized trypan
blue staining, MTT, and caspase assays as reported in our previous studies®. Transformed RTEC
cells lines (BUMPT and HK-2 cells) or primary tubular epithelial cells were plated in 6-well, 24-
well, or 96-well plates, followed by treated with appropriate vehicles, cisplatin, vemurafenib, and
other kinase inhibitors for 24—-48 h. For trypan blue staining, cells from 6-well plates were
harvested, followed by trypan blue staining and manual cell counting with a hemocytometer and/or
by using Countess Automated Cell Counter (Thermo Fisher). We considered translucent cells as
viable and blue-stained cells were considered as non-viable. Finally, cellular viability was
estimated by taking the ratio of number of viable cells by the total cell number. In similar
experiments where cells were plated in 96-well plates, subsequent to drug treatment, 10 uL of
MTT reagent (5 mg/mL MTT in PBS) was added to each well, followed by incubation at 37 °C with
5% CO2 for 4 h. Then, 100 l of acidified isopropanol (Sigma-Aldrich) was added to each well and
absorbance was measured at 590 nm. In certain experiments, IC50 (half-maximal inhibitory
concentration) was calculated by nonlinear regression analysis using GraphPad Prism. For
measurement of caspase activation as a readout of the extent of cell death, cells grown in 6 well
plates were lysed in a buffer containing 1% Triton X-100 to extract cytosolic proteins. 10 ug cell

lysates were then added to a caspase assay buffer containing 50 uM DEVD-AFC for 60 min at



37 °C. Fluorescence readings at excitation 360 nm/emission 535 nm was measured, and free AFC
standard curve was used to convert the fluorescence reading from the enzymatic reaction into

the nM AFC liberated per mg protein per hour as described recently.

Viral Transduction and CRISPR/Cas9 mediated gene deletion. Lentiviral transductions were
performed using previously described methods*. For Cre-mediated gene excision, cultured
primary tubular cells were transduced with high-titer (1 x 108 CFU/ml) LV-CMV-Cre-GFP lentivirus
(Kerafast), followed by vemurafenib treatment 48 h later. Braf and FECH gene deletion was
carried out in HK-2 cells using Lenti-X™ CRISPR/Cas9 System and Lenti-X Tet-On 3G CRISPR-
Cas9 System (Takara Bio), followed by isolation of stable cells. Gene knockout was confirmed by

DNA sequencing.

Mice strains and breeding. All animals were handled, and procedures were performed in
accordance with the animal use protocol approved by the Institutional Animal Care and Use
Committee of the Ohio State University and the University of Tennessee Health Science Center.
C57BL/6J, Braf floxed (129S1/SvimJ), Fech mutant (BALB/cJ) and Ggtl-Cre (C57BL/6J)
transgenic mice (stock numbers 000664, 006373, 002662, and 012841 respectively) were
obtained from Jackson Laboratories. Braf floxed mice were bred with Ggt1-Cre transgenic mice
to generate RTEC-specific knockout mice. The Fech mutant mice have been described and
characterized previously®. These mice were originally generated through an ENU mutagenesis
experiment and were found to harbor a Fech loss-of-function single amino acid substitution
mutation (M98K). We bred the heterozygous mutant mice with wild type mice to obtain littermate
wild type and heterozygous mice. The pups were ear tagged and genotyped at 3 weeks of age
using standard PCR-based methods as described recently*. The mT/mG mice that express cell
membrane-targeted, two-color fluorescent Cre-reporter allele were obtained from Jackson
Laboratories (stock no. 007676, on C57BL/6J background) and crossed with GGT-Cre mice. In

all the experiments, littermate controls were used.



Cisplatin and Ischemia-reperfusion associated kidney injury. For cisplatin nephrotoxicity
experiments, 30 mg/kg cisplatin or vehicle (normal saline) was administered by a single intra
peritoneal injection as described previously®’. Subsequently, blood was collected on days 0-2 by
submandibular vein bleed and via cardiac puncture after carbon dioxide asphyxiation on day 3.
To induce bilateral renal ischemia-reperfusion associated AKI, C57BL/6 mice were administered
with ketamine (120 mg/kg, i.p.), xylazine (12 mg/kg, i.p.), and buprenorphine (0.15 mg/kg, s.c.)
and placed on a warm pad to maintain the body temperature at 34.5-36°C during surgery.
Bilateral flank incision was carried out and the renal vessels on both sides were cross-clamped
(26 min ischemia followed by 24 h reperfusion). The Sham mice underwent the same procedure

except for vessel clamping as described previously®®.

Vemurafenib nephrotoxicity. As described previously!, vemurafenib was dissolved in an
agueous vehicle containing 2% Klucel LF and adjusted to pH 4 with diluted HCI. Vehicle control
and vemurafenib were administered orally (0.2 mL per animal, b.i.d., 8 hours apart) at 20 mg/kg
dose for 20 days. Subsequently, blood was collected on days 0-19 by submandibular vein bleed
for blood urea nitrogen measurement. At endpoint, blood was collected by via cardiac puncture
after carbon dioxide asphyxiation and renal tissues were collected for further examination. For
hydrodynamic injection, control (non-specific) or FECH targeting siRNAs from Ambion (25 pg in
0.5 ml of PBS; Austin, TX) or 0.5 ml of PBS was injected into the tail vein as described
previously'2, For cobimetinib and vemurafenib combination studies, 5 mg/kg cobimetinib (p.o.,

g.d) was administered along with 20 mg/kg vemurafenib (p.o., b.i.d) for 15-20 days.

Assessment of renal damage. We assessed functional renal impairment and damage through
biochemical (blood urea nitrogen and creatinine) and histological analysis (H&E staining). For
biochemical analysis, blood urea nitrogen and creatinine measurement were carried out using
QuantiChromTM Urea Assay Kit (DIUR-100) and enzymatic assay-based creatinine

measurement (ab65340, Abcam). For histological analysis of renal damage, harvested kidneys



were embedded in paraffin and tissue sections (4 um) were stained with hematoxylin and eosin
by previously described methods. For histopathologic scoring, ten consecutive 100x fields per
section from at least three mice per group were examined by an investigator in a blinded fashion.
The gradation of tissue damage was scored based on the percentage of damaged tubules as
described in our previous studies: 0: no damage; 1. <25%; 2: 25-50%; 3: 50-75%; 4. >75%.
Tubules that showed dilation, epithelial flattening, cast formation, loss of brush border and nuclei,

and denudation of the basement membrane were considered as damaged.

Vemurafenib pharmacokinetic analysis. Pharmacokinetic studies were performed as
previously described?3. Briefly, 8-12 weeks old C57BL/6 mice male mice were administered with
20 mg/kg vemurafenib. Blood samples were collected at various time intervals via submandibular
and retro-orbital bleeds, or cardiac puncture into heparin-coated capillaries or tubes. The blood
was spun at 12,000 g for 5 minutes to collect plasma. The plasma was stored at -80C until further
bioanalytical quantification. The LCMS/MS system consisted of a Vanquish UHPLC system, a
TSQ Quantum Ultra triple quadrupole mass spectrometer from Thermo Fisher Scientific, and
Thermo Trace Finder General Quan system software (version 3.3). An Accucore Vanquish C18
column (100 x 2.1 mm, dp = 1.5um, Thermo Fisher Scientific) was protected by a corresponding
XBridge®BEH C18, 5-um guard column. The injection volume of sample was 5.0 yL. The
temperature of the autosampler rack was 4°C, and the temperature of the column was maintained
at 40°C. Mobile phase A consisted of water with 0.1% (v/v) formic acid and mobile phase B
consisted of acetonitrile: methanol (1:3) with 0.1% (v/v) formic acid. The total run time was 5 min.
The optimized gradient 1 started at 0-0.5 min with 10% B; 0.5 - 3.0 min, 95% B; 3.0 - 4.0 min,
95% B; 4.0 - 4.1 min, 10% B; 4.1 - 5.0 min, 10% B with a flow rate of 0.4 mL/min. The MS assay
setting with the positive voltage applied to the ESI capillary was set at 3500 V, and the capillary
temperature was 342°C with a vaporizer temperature of 358°C. Argon was used as the collision

gas at a pressure of 1.5 mTorr. Precursor molecular ions and product ions were recorded for



confirmation and detection of vemurafenib (490.118 > 254.929; >99% purity, Sigma-Aldrich
Woburn, MA), using palbociclib as an internal standard (448.268 > 380.111; >99% npuirity,
Alsachim, North York, ON, Canada). Results from assay validation studies involving quality
control samples analyzed over several days revealed that the within-day precision and between-
day precision ranged 2.88% - 14.5%, with an average accuracy ranging 105% - 114%. The lower

limit of quantification was 5 ng/mL.

gPCR analysis. Quantitative polymerase chain reaction (QPCR) was performed for gene
expression analysis as described in our previous work*“. Briefly, one pg RNA from RTECs or renal
cortical tissues was reversed transcribed using RevertAid First Strand cDNA Synthesis Kit
(Thermo-Fisher Scientific) and gRT-PCR was run using the QuantStudio 7 Flex Real-Time PCR
System (Thermo-Fisher Scientific) using SYBR green master mix and gene-specific primers
(Sigma). B-actin was used as the internal control and gene expression levels were determined by

the comparative CT (AA°T) method.

Immunoblot analysis. We prepared whole cell lysates from renal tissues and in vitro cultured
RTECs using a modified RIPA buffer (20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 mM Na2EDTA,
1mM EGTA, 1% NP-40, 2.5 mM sodium pyrophosphate, 1 mM beta-glycerophosphate, protease,
and phosphatase inhibitors) supplemented with 1% SDS. Following protein estimation, 20-75 ug
protein per sample was loaded on Invitrogen Bis-tris gradient midi-gels, followed by transfer to
PVDF membranes, incubation with primary and secondary antibodies and signal detection by
ECL reagent (Cell Signaling). Primary antibodies used for immunoblot analysis were from Santa
Cruz Biotech: Fech (377377), GFP (9996) and B-actin (47778), Novus: tdTomato (NBP2-78135),
and ECM Bioscience: Braf (RP2011) and were used at 1:1,000 dilution. Secondary anti-rabbit
and anti-mouse HRP-conjugated antibodies were from Jackson Immuno-research and were used

at 1:2,000 dilutions. Uncropped images of immunoblots are provided in Supplementary Figure



18. Using previously described methods?®, densitometric analysis was carried out with Image J

software, and the signals of target protein was normalized to 3-actin signal of the same sample.

Braf kinase assay. In vitro cultured RTECs or murine renal tissues were lysed with a buffer
containing 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% (vol/vol) Triton X-100, 2.5 mM sodium
pyrophosphate, 1 mM B-glycerol phosphate, 0.2% (wt/vol) dodecyl 3-D-maltoside, and 20 mM Tris
(pH 7.5) and supplemented with protease and phosphate inhibitors. These cellular and tissue
lysates were then subjected to Braf immunoprecipitation as described in our previous studies. To
this end, 1000 ug of protein lysate was incubated with 2.5 pg of IgG (control) or anti-Braf antibody
at 4 °C overnight, followed by addition of 50 pl of agarose protein A/G beads for 4 hours. Bead-
bound immunoprecipitates were then collected by centrifugation and washed with lysis buffer four
times. Finally, the beads were added to a protein kinase reaction buffer containing 20 yM ATP
and myelin basic protein (Millipore) as substrate and incubated at 30 °C for 30 min. Using recently
described methods? employing the ADP-Glo™ Kinase Assay (Promega) kit, we measured the Braf
kinase activity. This assay is a luminescent detection method that provides a measure of relative
kinase activity by quantifying the amount of ADP produced during a kinase reaction. To quantify
the level of inmmunoprecipiated Braf protein in each sample, immunoblot analysis was performed
after the termination of kinase reaction. Relative kinase activity was subsequently calculated by
normalizing the kinase activity (luminescence) to the amount of immunoprecipitated Braf protein.
Undetectable activity in the renal tissues of Braf’™ mice confirmed the specificity of the

immunoprecipitation-based kinase assay.

Isolation of GFP positive RTECs. As reported recently, mT/mG mice that express cell
membrane-targeted, two-color fluorescent Cre-reporter allele were obtained from Jackson
Laboratories (stock no. 007676) and crossed with Ggtl-Cre mice. In these transgenic mice prior
to Cre recombination, cell membrane-localized tdTomato (mT) is expressed in all the cells/tissues,

and Cre recombinase expression induces cell membrane-localized EGFP (mG) fluorescence



expression replacing the red fluorescence. We have thoroughly characterized these mice
previously* and have shown RTEC-specific GFP expression. For cell isolation, following
experimental endpoints, mice were euthanized, kidneys were excised and cortical regions were
minced and treated with collagenase, followed passage through 100 ym and 35 pm mesh to
generate single cell population. Anti-GFP antibody and MACS columns (Miltenyi Biotech) were
used to isolate GFP-positive tubular epithelial cells and GFP-negative cells. The purity (generally
greater than 95%) of GFP positive and negative cells was verified by flow cytometric analysis.
Western blot analysis of RTEC specific (GFP and SLC22A2) and other cell markers (tdTomato)

was also performed as shown in Figure 5D.

Ferrochelatase assay. FECH activity was measured by enzymatic formation of zinc-
protoporphyrin 1X (Zn-PplIX) using a previously described method?6. Briefly, cell lysates from
cultured cells or renal cortical tissues were incubated with 200 uM PpIX (Sigma) in an 200 pl
assay buffer (0.1 M Tris-HCI, 1 mM palmitic acid and 0.3% v/v Tween 20, pH 8.0), followed by
addition of 50 yL of 2 mM zinc acetate solution. The reaction mixture was incubated at 37°C
followed by addition of 500 L ice-cold termination buffer (1 mM ethylenediaminetetraaceticacid
(EDTA) in 30:70 DMSO/methanol). Susequently, the reaction mixture was centrifuged at 14,000
g for 10 min and the Zn-PpIX in the supernatant was measured with a synergy fluorescence plate
reader using a 405 nm excitation/590 nm emission filter. For each sample, a heat-inactivated
group was included as a negative control. The specificity of the assay was confirmed using Fech

mutant tissues.

Intracellular Heme measurement. For determination of total heme levels, frozen cells were
thawed and homogenized in 1%Triton-X100 in TBS and centrifuged at 5,000 x g for 10 minutes
to remove debris. Protein concentration was quantified by BCA assay (Pierce, IL) and heme was
quantified based on a previously described method!’. Herein, equal amounts of proteins from

different samples were mixed with 2 M oxalic acid and heated at 95°C for 30 minutes to release



iron from heme and generate fluorescent protoporphyrin IX. These samples were then centrifuged
at 1,000 x g at 4°C for 10 minutes followed by assessment of fluorescence of the supernatant at
405 nm / 600 nm using a fluorescence microplate reader. These readings were then normalized
to protein concentration for each sample. For the same samples, determination of unsaturated
protoporphyrin IX levels was carried out. To this end, incubation and heating with oxalic acid steps
were omitted. In its place, samples were diluted in PBS, followed by fluorescence measurement

and normalization to protein content.

Seahorse Flux Bioanalyzer. BUMPT cells were transferred to a Seahorse 24-well tissue culture
plates, and oxygen consumption rate (OCR) was measured, and parameters were calculated as
previously described!®. After measuring basal respiratory rate, oligomycin (Sigma; 2 uM), FCCP
(Sigma; 1.5 uM; carbonyl cyanide 4-(trifluoromethoxy)-phenylhydrazone (FCCP)), and electron
transport chain (complex | and Ill) inhibitors, rotenone (Sigma; 0.5 uM), and antimycin A (Sigma;
0.5 uM)) were injected sequentially during the assay. Basal mitochondrial respiration, ATP-linked
respiration, proton leak (non-ATP linked oxygen consumption), maximal respiration, non-
mitochondrial respiration, reserve respiratory capacity, respiratory control ratio, and coupling
efficiency were determined in whole cells according to a previously described procedure!®. We
used, N = 4-5 wells for each experimental group and experiments were repeated a minimum of

three times.

Statistical Analysis. In the current study, data in all the graphs are presented as mean with s.d.
We used GraphPad Prism software for statistical analysis. p<0.05 was considered as statistically
significant. To evaluate statistical significance between two groups, two-tailed unpaired Student’s
t test was performed. For comparisons among three or more groups, one-way ANOVA followed
by Tukey’s or Dunnett’'s multiple-comparison test was performed. For statistical analysis of renal
damage non-parametric Mann—Whitney U test was used. All experiments were repeated at least

three times and no sample outliers were excluded.
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Suppl. Figure 1: Braf-inhibition and Vemurafenib induced RTEC cell death. BUMPT and HK-2 cells were treated with vehicle or
indicated drugs at 50 uM concentration for 48 hours, followed by assessment of (A-B) cellular viability by MTT assays and (C-D) in vitro
Braf kinase assay. For in vitro kinase assays, Braf was immunoprecipitated from whole cell lysates and the kinase activity was
normalized to the amount of immunoprecipitated protein. The data indicates that while sorafenib, dabrafenib, and vemurafenib can
inhibit Braf kinase activity, only vemurafenib induces cell death in BUMPT and HK-2 cells. In all the graphs (h=5-6 biologically
independent samples), experimental values are presented as mean + s.d. The height of error bar=1 s.d. and p <0.05 was indicated as
statistically significant. One-way ANOVA followed by Dunnett’s was carried out and statistical significance is indicated by *p < 0.05, **p
< 0.01, **p < 0.001.



Suppl. Figure 2
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Suppl. Figure 2: Vemurafenib induced RTEC cell death is Braf independent. (A-B) RNAiI mediated Braf knockdown in BUMPT
cells did not influence vemurafenib associated cell death (50 uM for 48 hours) as assessed by MTT based viability assay and
caspase activity measurements. (C-D) CRISPR/Cas9 mediated Braf knockout in HK-2 cells did not influence vemurafenib associated
cell death (50 uM for 48 hours) as evaluated by MTT based viability assay and caspase activity measurements. In all the graphs (n=5
biologically independent samples), experimental values are presented as mean + s.d. The height of error bar=1 s.d. and p<0.05
was indicated as statistically significant. One-way ANOVA followed by Dunnett’'s was carried out and statistical significance is
indicated by *p < 0.05, **p < 0.01, ***p < 0.001.



Suppl. Figure 3
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Suppl. Figure 3: Vemurafenib pharmacokinetic analysis. Age-matched, 8-12 weeks old male C57BL/6J mice were injected with
20 mg/kg vemurafenib followed by pharmacokinetic analysis of vemurafenib levels in the plasma.



Suppl. Figure 4
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Suppl. Figure 4: Histopathological analysis of vemurafenib nephrotoxicity. Age-matched, 8-12 weeks old male C57BL/6J mice
were treated with either vehicle or 20 mg/kg vemurafenib (p.o, b.i.d.) for 15 days followed by assessment of renal histology (H&E
staining). The upper panel shows a representative image depicting tubular injury and necrosis in the vemurafenib group. The lower
panel shows the detailed histological analysis of renal tissues from vehicle and vemurafenib treated groups. Overall, tubular injury and

cell death was found to be the major histopathological lesion.
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Suppl. Figure 5: Renal gene expression analysis during vemurafenib nephrotoxicity. Age-matched, 8-12 weeks old male
C57BL/6J mice were treated with either vehicle or 20 mg/kg vemurafenib (p.o, b.i.d.) for 15 days followed by gene expression analysis
of indicated genes in renal cortical tissues. Injury, inflammation, and repair related genes were upregulated during vemurafenib
nephrotoxicity. In all the bar graphs (n=6 biologically independent samples), experimental values are presented as mean + s.d. The
height of error bar=1 s.d. and p<0.05 was indicated as statistically significant. Student’s t-test was carried out and statistical
significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001.
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Suppl. Figure 6: Effect of Braf gene knockout on renal function. Littermate control and Braf conditional knockout mice (indicated
by BrafPT-'-) of 8-12 weeks age had similar (A) Body weight and (B) Blood urea nitrogen levels, indicating that RTEC-specific Braf
gene deletion does not influence renal function under normal baseline conditions. In all the bar graphs (n=8 biologically independent
samples), experimental values are presented as mean = s.d. The height of error bar=1 s.d. and p<0.05 was indicated as
statistically significant. Student’s t-test was carried out and statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001.
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Suppl. Figure 7: In vitro Braf gene deletion does not influence vemurafenib associated RTEC cell death. Primary renal
tubular cells were cultured from control and Braf-floxed mice. One week later, lentiviral transductions (Cre) were carried out to
delete Braf gene. (A) Immunoblot analysis confirmed Braf deletion. Blots are representative of two independent
experiments. (B) Primary renal tubular cells from Braf-floxed mice with or without Cre transduction were treated with 50 yM
vemurafenib, followed by cell viability assessment at 48 hours using trypan blue staining. In all the graphs (n=10 biologically
independent samples), experimental values are presented as mean + s.d. The height of error bar=1 s.d. and p <0.05 was indicated
as statistically significant. One-way ANOVA followed by Dunnett’s was carried out and statistical significance is indicated by *p <
0.05, **p < 0.01, ***p < 0.001.



Suppl. Figure 8

BUMPT
e Wild type

801 e Gatekeeper mutant
360'0 . . . ; e
O e _. - .rL. -.. -é. Vector 1C5;=48.2
Stk da bk wk BE R AR5 s 2py
‘= 401 ®
2
s
5
£ 201
>

O 1 I I I 1 1 1 1 1 1

¢ & L © O O A& N D

LA A SIS SN SN C MR < AN A 2

& FEF L& F

Suppl. Figure 8: Chemical genetics approach to evaluate the role of kinase inhibition in vemurafenib-mediated RTEC cell
death. BUMPT cells were transiently transfected with empty vector, wild type or gatekeeper mutants of indicated kinases. One day
after transfection, the cells were treated with 0-100 uM vemurafenib, followed by cell viability assessment at 48 hours using trypan
blue staining. IC50 (half-maximal inhibitory concentration) was calculated by nonlinear regression analysis. The graph represents
data from four independent experiments (n=4 biologically independent samples), experimental values are presented as mean = s.d.
The height of error bar=1 s.d. and p <0.05 was indicated as statistically significant. One-way ANOVA followed by Dunnett's was
carried out and statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001. The results indicate that none of the tested
kinases are involved in vemurafenib-associated RTEC cell death.
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Suppl. Figure 9: MEK inhibition does not influence the severity of vemurafenib nephrotoxicity. (A) Age-matched, 8-12 weeks
old male C57BL/6J mice were treated with either vehicle or 5 mg/kg cobimetinib (p.o, g.d) for 3 days followed by assessment of renal
MEK activity. Under these dosing conditions, a robust inhibition of MEK activity was obtained. (B-E) Age-matched, 8-12 weeks old
male C57BL/6J mice were treated with either vehicle, 5 mg/kg cobimetinib (p.o, q.d) alone, 20 mg/kg vemurafenib (p.o, b.i.d.) alone or
vemurafenib+cobimetinib for 20 days followed by cessation of drug administration for 2 days and subsequent endpoint analysis of
renal function. These studies showed that cobimetinib did not influence the severity of vemurafenib nephrotoxicity. In all the bar
graphs (n=5-10 biologically independent samples), experimental values are presented as mean + s.d. The height of error bar=1 s.d.
and p <0.05 was indicated as statistically significant. Student’s t-test or non-parametric Mann-Whitney U test was carried out and
statistical significance is indicated by *p < 0.05, **p < 0.01, **p < 0.001.
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Suppl. Figure 10: MEK inhibition does not influence the severity of vemurafenib-induced RTEC cell death. (A) Human RTEC
cell line, HK-2 cells were treated with cobimetinib for 24 hours, followed by assessment of MEK kinase activity. These results showed
a clear dose-dependent inhibition of MEK kinase activity. (B-C) HK-2 cells were co-treated with vemurafenib and cobimetinib for 48
hours followed by assessment of cellular viability and caspase activation. The results indicate that cobimetinib does not influence the
severity of vemurafenib-mediated RTEC cell death. In all the bar graphs (n=5-7 biologically independent samples), experimental
values are presented as mean * s.d. The height of error bar=1 s.d. and p <0.05 was indicated as statistically significant. One-way
ANOVA followed by Dunnett’'s was carried out and statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001.



Suppl. Figure 11

A HK-2 B BUMPT
2001 200
7)) (V)]
2 * K K @ * kK
% 150 % 1504 t
o= o<
g 2 ° ° °
T 5 100- 9 2 1001 ‘,L S o
(S [ [ -9
2 < > °
T T
) 501 < 50
e x ®
0 0 T T T T T
¢ ©® 0 ©
' S Q\&\
K\ @ L L ®
o & L
Q@

Suppl. Figure 11: Vemurafenib induces intracellular heme depletion in RTECs. (A-B) Tubular epithelial cell lines of murine
(BUMPT) and human (HK-2) origin were treated with vehicle, cisplatin or kinase inhibitors including vemurafenib at 50 pM
concentration, followed by assessment of intracellular heme levels at 24 hours. In all the bar graphs (n=9 biologically independent
samples), experimental values are presented as mean = s.d. The height of error bar=1 s.d. and p<0.05 was indicated as
statistically significant. One-way ANOVA followed by Dunnett's was carried out and statistical significance is indicated by *p <
0.05, **p < 0.01, ***p < 0.001.



Suppl.

Suppl. Figure 12: Vemurafenib induces mitochondrial dysfunction in RTECs. (A-B) BUMPT cells were seeded in a Seahorse
XF-24e analyzer, treated with vehicle or vemurafenib (dose response) for 24 h, and oxygen consumption rate (OCR) was
determined during sequential treatments with oligomycin, FCCP and antimycin A/rotenone. The graph depicts the quantification of
basal oxygen consumption rate (OCR) and ATP production. (C-D) BUMPT cells were seeded in a Seahorse XF-24e analyzer,
treated with vehicle or 50 yuM vemurafenib (time course) for 1-24 h, and oxygen consumption rate (OCR) was determined during
sequential treatments with oligomycin, FCCP and antimycin A/rotenone. The graph shows the quantification of basal oxygen
consumption rate (OCR) and ATP production. In all the bar graphs (n=3-4 biologically independent samples), experimental values
are presented as mean * s.d. This experiment was repeated three time and yielded similar results. The height of error bar=1 s.d.
and p<0.05 was indicated as statistically significant. One-way ANOVA followed by Dunnett's was carried out and statistical
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Suppl. Figure 13. Fech expression in proximal tubular and other cells of healthy mouse kidneys. (A) Visualization of
n=37,361 healthy control kidney cells (Dhillon et al. 2021) in t-distributed stochastic neighbor embedding (tSNE) dimension
space. GEC, glomerular endothelial cells; Endo, endothelial; Podo, podocyte; PT, proximal tubule; DLOH, descending loop
of Henle; ALOH, ascending loop of Henle; DCT, distal convoluted tubule; CNT, connecting tubule; CD-PC, collecting duct
principal cell; A-IC, alpha intercalated cell; B-IC, beta intercalated cell; CD-trans. collecting duct transitional cell; Granul,
granulocyte; Macro, macrophage; DC 11b+, CD11b+ dendritic cell; pDC, plasmacytoid DC; Baso, basophile; B, B
lymphocyte; Treg, regulatory T cell; Tgd, gamma delta T cell; NK, natural killer cell. (B-D) Corresponding feature plots for
Fech, PT marker gene Slc34al and their co-expression. Color represents gene expression. (E) Corresponding dot plot for
Fech gene expression by cell cluster. Dot size denotes percent expression, color denotes average expression.
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Suppl. Figure 14: Vemurafenib associated AKI is associated with renal ferrochelatase inhibition. (A) Immunofluorescence
staining of renal tissues showed high FECH staining in RTECs (LTL positive). Age-matched, 8-12 weeks old male C57BL/6J mice
were treated with either vehicle or 20 mg/kg vemurafenib (p.o, b.i.d.) for 15 days. (B) Immunoblot analysis of renal FECH expression
did not show a significant difference in vehicle and vemurafenib groups. (C) Renal FECH assay showed a progressive decline in
FECH activity in the vemurafenib treated mice. (D) Renal tissues from 8-12 weeks old male C57BL/6J mice treated with 20 mg/kg
b.i.d. vemurafenib (15 days), 30 mg/kg cisplatin (day 3) or bilateral renal ischemia (26 minutes followed by 24 hour reperfusion) were
used to evaluate renal FECH activity. The results show that reduced in FECH activity during vemurafenib-associated AKI is not an
indirect effect of kidney injury. In all the bar graphs (n=5-6 biologically independent samples), experimental values are presented as
mean + s.d. The height of error bar =1 s.d. and p <0.05 was indicated as statistically significant. Student’s t-test (A-1) was carried out
and statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001.
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Suppl. Figure 15: Vemurafenib nephrotoxicity in the transgenic reporter mice. We crossed the Ggtl-Cre mice with
ROSAMT/mG mice to generate the transgenic mice that express membrane localized GFP in RTECs. Age-matched, 8-12 weeks old
male mice were treated with either vehicle or 20 mg/kg vemurafenib (p.o, b.i.d.) for 20 days followed by cessation of drug
administration for 2 days and subsequent endpoint analysis of renal function. (A) Blood urea nitrogen levels showed that
vemurafenib can induce AKI after 2 weeks of continuous treatment and cessation of drug administration reversed the increase in
BUN levels. (B) Vemurafenib treatment also resulted in increased serum creatinine levels. (C) Histological analysis of renal tissues
showed that vemurafenib treated mice had clear tubular epithelial injury and cell death. (D) Renal Ngal gene expression analysis
further confirmed significant renal damage in vemurafenib treated mice. In all the bar graphs (n=5-10 biologically independent
samples), experimental values are presented as mean +s.d. The height of error bar=1 s.d. and p<0.05 was indicated as

statistically significant. Student’s t-test or non-parametric Mann—Whitney U test was carried out and statistical significance is
indicated by *p < 0.05, **p < 0.01, ***p < 0.001.
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Suppl. Figure 16: In vivo siRNA mediated FECH knockdown does not influence the severity of cisplatin nephrotoxicity. Age-
matched male (8-12 weeks) C57BL/6 mice were administered with three once-daily intravenous injections (hydrodynamic) of control
(non-specific) or FECH targeting siRNAs (25 pg in 0.5 ml of PBS). One day later mice were treated with either vehicle or 30 mg/kg
cisplatin (i.p.), followed by endpoint analysis of renal function at day 3. (A) Blood urea nitrogen, (B) serum creatinine measurement
showed that the FECH knockdown did not alter the severity of cisplatin nephrotoxicity. In all the bar graphs (n=6 biologically
independent samples), experimental values are presented as mean + s.d. The height of error bar=1 s.d. and p <0.05 was indicated as
statistically significant. One-way ANOVA followed by Tukey’s multiple-comparison test was carried out and statistical significance is
indicated by *p < 0.05, **p < 0.01, **p < 0.001.
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Suppl. Figure 17: In vivo sSiRNA mediated FECH knockdown in reporter mice. We crossed the Ggt1-Cre mice with ROSAMT/MmG
mice to generate the transgenic mice that express membrane localized GFP in RTECs. (A-B) Age-matched male (8-12 weeks) were
administered with three once-daily intravenous injections (hydrodynamic) of control (non-specific) or FECH targeting siRNAs (25 pg in
0.5 ml of PBS). Three days later, the mice were euthanized, kidneys were excised and GFP positive and negative cells were isolated.
Immunoblot analysis of these cells showed that FECH knockdown occurred only in the GFP positive (RTEC) cells. (C-F) Age-matched
male (8-12 weeks) mice were administered with three once-daily intravenous injections (hydrodynamic) of control (non-specific) or
FECH targeting siRNAs (25 ug in 0.5 ml of PBS). One day later mice were treated with either vehicle or 20 mg/kg vemurafenib (p.o,
b.i.d.) for 3 days followed by endpoint analysis of renal function. Blood urea nitrogen, serum creatinine, histological examination, and
renal Ngal expression analysis showed that the FECH knockdown mice developed vemurafenib nephrotoxicity within 3 days of
treatment, while the control group demonstrated no obvious renal injury or damage. In all the bar graphs (n=6-8 biologically independent
samples), experimental values are presented as mean £ s.d. The height of error bar=1 s.d. and p <0.05 was indicated as statistically
significant. One-way ANOVA followed by Tukey’s multiple-comparison test or non-parametric Mann-Whitney U test was carried out
and statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001.
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Suppl. Figure 18: Uncropped images of immunoblot data.
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Suppl. Figure 18 (continued)
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Suppl. Figure 18: Uncropped images of immunoblot data (continued).
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Suppl. Figure 18: Uncropped images of immunoblot data (continued).



