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Supplementary Figure 6. Co-inhibition of MET does not sensitize RET+ cells to RET inhibitors.
A. MTS proliferation assays of cells treated with RXDX-105, crizotinib or RXDX-105 + 500nM
crizotinib. N=3 error bars represent + SD. B. Western blot analysis of CUTO22, CUTO32,

CUTO42 and LC-2/Ad cells treated with 200nM RXDX-105 for 2 hours.
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Supplementary Figure 7.
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Supplementary Figure 7. Average mouse weight measurements for xenograft experiments.

Error bars represent + SD.
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Supplemental Methods

Evaluation of ion channel transport Inhibition or NOTCHL1 Inhibition as a marker of cellular
responsiveness

Cells were grown to 50% confluence in T25 flasks prior to addition of trypsin 0.05% to detach the
adherent cells. Cells were then split into two T25 flasks, one of which contained media with Tet
free FBS while the other contained media with 0.5 ug/mL doxycycline. Following 48 hours growth
cells were detached using trypsin and passed through a 35 uM filter (Thermo Fisher, Waltham,
MA) to eliminate cell clumps prior to counting with a hemacytometer. Ninety-six well plates were
then seeded at a density of 2000 cells per well with the top half of each plate containing the cells
grown in Tet-free conditions (hUNG2 proficient), and the bottom half containing cells grown with
doxycycline containing media (hUNG2 inhibited). After 24 hours, cells cultures (in triplicate) were
exposed to phenol-red free growth media containing either 2 yM RIN1 or 5 yM verapamil along
with a gradient of FdU from 60 pM to 4 uM in log 3 increments (S1, S2). The doses of RIN1 and
verapamil were chosen as there were higher than their reported on-target IC50 and below their
concentrations associated with inhibition of cell growth in isolation (S2) For the induced cell group,
doxycycline was included in the media at 0.5 pg/mL for the entire period of drug treatment. Cells
were incubated in a humidified incubator for a total of 72 hours. Following this period, 10 pL of
CellTiter 96 Agueous MTS reagent and phenazine methosulfate solution (Promega, Madison, WI)
was added to each well. Absorption measurements were made at 492 nm using a Tecan plate
reader (Tecan, Mannedorf, Switzerland) at 30 , 60, and 120 minutes after addition of the MTS
assay reagents. The dose-response data in the absence and presence of hUNG activity were

fitted to eq 1 using Graphpad prism software (Supplemental Fig. 7).

Evaluation of Mechanism of Death in UNG Responsive and Non-responsive cell lines
Six representative colon cancer cell lines were used for these experiments with 3 responsive
(DLD1, HT29, HCT116) and 3 non-responsive (SW620, LoVo, HCT116 TP53 knock-out). Each



cell line was grown to 80% confluence in a T25 flask before dividing into 2-T25 flasks, one
containing growth media and one containing media supplemented with 0.5 pg/mL doxycycline.
Cells were continued in these conditions for a total of 48 hours. Cells were then washed with PBS
once and detached with 0.05% trypsin. Cells were then plated at 100,000 cells per well into a 6
well plate. After allowing 24 hours for recovery, cells were exposed to either growth conditions or
100 nM FdU. Cells were maintained under these conditions for a total of 72 hours. Media
containing dead cells and cells detached via trypsin and stained with caspase 3/annexin V reagent
(Biotium, Fremont, CA) for 30 minutes. Cells were then run on CytoFLEX S N2-V3-B5-R3
(Beckman Coulter, Brea, CA) on FITC and Violet 610 channels and up to 100,000 events
collected. Data was analyzed via FloJo software (Beckman Coulter, Brea, CA) and histogram

plots generated for FITC (Caspase 3) and Violet 610 (Annexin V) channels.

Evaluation of Double Stranded Break Accumulation in UNG Responsive and Non-
responsive cell lines

One representative colon cancer cell lines were used for these experiments (responsive: DLD1,
non-responsive: SW620). Each cell line was grown to 80% confluence in a T25 flask before
dividing into 2-T25 flasks, one containing growth media and one containing media supplemented
with 0.5 pg/mL doxycycline. Cells were continued in these conditions for a total of 48 hours. Cells
were then washed with PBS once and detached with 0.05% trypsin. Cells were then plated at
400,000 cells per well into a 6 well plate. After allowing 24 hours for recovery, cells were exposed
to 1000 uM FdU. Protein was then collected for each cell line/UNG status at time 0 and after 12,
24, and 48 hours of FdU exposure using methods described in main text for western blotting.
Protein concentrations were determine via Bradford assay and equal amounts of protein extract
were loaded in each lane of a 4-12% Bis-Tris SDS-denaturing polyacrylamide gel (Thermo) that
was pre-run at 180 V for approximately 20 minutes. The loaded gel was run for 20 minutes at 60
V, followed by 40 minutes at 180 V. The gel was then transferred to a PVDF transfer membrane
(Thermo) using a Thermo Scientific Pierce Power Blot Cassette at 25 V, 2.5 A for 7 minutes. The
membranes were washed with blocking reagent (TBS-T + 10% milk) for 30 minutes at room
temperature, followed by incubation with a 1:1000 dilution of mouse monoclonal anti-human
phosphor-Histone H2A.X antibody clone (Millipore Sigma, 05-636, Burlington, MA). Following
incubation with the primary antibody, the membrane was washed for 5 minutes in TBS-T buffer
at room temperature four times, then incubated with a 1:5000 dilution of HRP-conjugated goat-
anti-mouse antibody (Abcam, Cambridge, United Kingdom, ab205719) in TBS-T + 5% milk for 1

hour at room temperature. Following incubation with the secondary antibody, the membrane was



washed for 20 minutes in TBS-T at room temperature, followed by two 5 minutes washes in TBS-
T at room temperature and two 5 min washes in TBS at room temperature. Membranes were
treated with 1:1 solution of peroxide solution and enhancer reagent from Thermo Scientific
SuperSignal West Femto and imaged for 10 to 40 secs using a Syngene G Box
chemiluminescence imager (Syngene, Cambridge, United Kingdom) using a pre-optimized
protocol for this reagent. This result for DLD1 was repeated for the 48 hour time point with the
inclusion of Ac-DEVD-CHO at 2 yM to inhibit any contribution of caspase activity to gamma H2A.X
phosphorylation.



Supplemental Tables

Supplemental Table S1. Sequences for knockdown, knock-out, protein inhibitor experiments

Name Purpose Sequence

UNG for gPCR GCCAGAAGACGCTCTACTCC

UNG rev gPCR TCGCTTCCTGGCGGG

APEL1 for gPCR TGGAATGTGGATGGGCTTCGAGCC
APE1 rev gPCR AAGGAGCTGACCAGTATTGATGA
Polp for gPCR GGCAGTTTCAGAGGTGC

Polp rev gPCR GGCAAACACCCATGAACTTT

LIG Il for gPCR GATCACGTGCCACCTACCTTGT
LIG Ill rev gPCR GGCATAGTCCACACAGAACCGT
DUT for gPCR GGGAGAATCACTTGAGGTTGAG
DUT rev gPCR GGGTTCTCTCTCTCCTTCTCTT
%‘;‘MHD'l gPCR GGATTACTAAAAACCAGGTTTCACAACT
rSe,?/MHD-l gPCR TGTCGTTCCATTCCTTTTTTTGA
P53 for gPCR CCCATCCTCACCATCATCACAC
P53 rev gPCR GCACAAACACGCACCTCAAAG
TDG for gPCR TGA AGC TCC TAA TAT GGC AGT TG
TDG rev gPCR TTCCACTGGTIGTITTGGTICT
SMUGL1 for | gPCR GGC ATC ATC TAC AAT CCC GTG
SMUGL1 rev | gPCR GCC AAAAGG TCC AGG GTT CA
MLH1 for gPCR AGCAGCACATCGAGAGCAA

MLH1 rev gPCR CGAGGTCAGACTTGTTGTGG
MSH2 for gPCR ACCAGCAGCAAAGAAGTGCT
MSH2 rev gPCR AGGGCATTTGTTTCACCTTG

MSH®6 for gPCR CATGCGGCGACTGTTCTAT

MSH6 rev gPCR CAGAATTACTGGGCGACACA
BRCALl for | qPCR GGCTATCCTCTCAGAGTGACATTT
BRCAlrev | gPCR GCTTTATCAGGTTATGTTGCATGG T
BRCA2 for | qPCR GCCAAGTCATGCCACACATT
BRCA2rev | qPCR TGTGCCATCTGGAGTGCTTT

A3B for gPCR GACCCTTTGGTCCTTCGAC

A3B rev gPCR GCACAGCCCCAGGAGAAG

TS for gPCR GCCTCGGTGTGCCTTTCA

TS rev gPCR CCCGTGATGTGCGCAAT




TP for gPCR CCTGCGGACGGAATCCT

TP rev gPCR GCTGTGATGAGTGGCAGGCT

DPD for gPCR AGGACGCAAGGAGGGTTTG

DPD rev gPCR GTCCGCCGAGTCCTTACTGA

18s rRNA gPCR TGTGCCGCTAGAGGTGAAATT

18s rRNA gPCR TGGCAAATGCTTTCGCTTT

TDG shkd1l | shRNA GAACGAAATATGGACGTTCAA

TDG shkd2 | shRNA TTTCGTGAAGGAGGACGTATT

shctrl kd shRNA TAAGGCTATGAAGAGATAC

shRNA for

seq sequencing | GAGGGCCTATTTCCCATGATT

shRNA2 for

seq sequencing | GACTATCATATGCTTACCGT

CRISPR
Tckol knock-out | GGGAATGGAAGCGGAGAACG
CRISPR

Tcko2 knock-out GTTTCCATTTCAACAACTGA

T1CSP for

amp sequencing | AGCCACTGTCTGGGTACTG

T1CSP rev

segamp sequencing | GCTCTGAGGGTTACCTGGT

T2CSP for

amp sequencing | GATCTCTCCTCTGTAATCCACTC

T2CSP rev

amp sequencing | CAACATCGGATCAGCCAGC

T2CSP rev

seq sequencing | CTCAGGAACCAGTGCAAGGTAGTT
ATGACTAACCTGTCCGATATCATCGAAAAAGAGACTGGCAA
ACAGCTGGTCATCCAGGAGTCCATCCTGATGCTGCCTGAAG

UG Protein AGGTGGAGGAGGTCATTGGCAACAAGCCCGAGAGCGATAT

sequence inhibitor CCTGGTCCACACCGCCTACGACGAGTCCACCGACGAGAAT

g GTGATGCTGCTCACCTCTGACGCCCCCGAGTATAAACCATG

GGCTCTCGTGATCCAGGACAGTAACGGGGAGAACAAGATC
AAGATGCTGTGA

UGI for seq | sequencing | TGAACCGTCAGATCGCCTGG




Supplemental Table S2. Characteristics of cell lines used in hUNG2 inhibition experiments and FdU ICso

values?
Cell characteristics FdU ICso (nM)
b
Cell Line Tissue Type TP53 status 2’:2’:55 hUNG2 active igﬁi'l;li(ti 2d cha;EcgEg in
MCF7 Breast wild type MSS 47000 + 45000 5.8+4.0 8100
T47D Breast L194F MSS 150 + 140 30+24 5
SKBR3 Breast R175H MSS 220 £ 120 100 + 99 2.2
BT474 Breast E285K MSS 4600 = 4700 9500 £ 8700 0.48
Camal Breast R280T MSS 69 +171 3400 + 24 0.02
SW480 Colon R273H MSS 1400 + 1200 19+23 74
HT29 Colon R273H MSS 200 £ 68 45+45 44
KM12 Colon P72fs; H179R MSI 120 + 140 3.3%£28 36
DLD1 Colon S241F MSI 430 =190 16 £ 0.47 27
HCT15 Colon S241F MSI 250 + 94 14 +0.28 18
HCT116 Colon wild type MSI 140 + 160 30+ 31 4.7
!I-_||(33;'§.16 Colon 1st exon del MSI 76 +78 90 + 92 0.84
HCC2998¢ | Colon R213X MSS 62 £ 62 390 £ 140 0.16
Lovo Colon wild type MSI 81+14 2.4 +0.57 3.4
Sw620 Colon R273H MSS 5.4+1.2 5.1+0.28 1.1
COLO205 Colon Y107fs MSS 1.9+0.50 0.95 + 0.47 2
LS513 Colon wild type MSS 0.52+0.12 0.36 + 0.0081 1.4
NCI-N87 Gastric R248Q MSS 8900 + 3800 | 20000 + 17000 0.44
Snul Gastric wild type MSI 870 + 640 4700 + 4000 0.18
HepG2 Hepatocellular | wild type MSS 55+3.38 12+6.2 45
H460 Lung wild type MSS 48 + 45 50 £ 57 0.96
ASPC1 Pancreatic C135fs MSS 4300 + 2600 5200 + 3300 0.83

aErrors are standard errors of the mean between three independent biological replicates. Although some
replicates differed with respect to IC50 values, the fold change upon inhibition of UNG was always maintained.
ICso values were calculated using eq 1. "Defined as ICso"NC*IC50Ne". CcHCC2998 cell line contains polymerase
epsilon mutation.




Supplemental Table S3. Substrate sequences for hUNG activity

assay
Substrate Sequence

5-FAM-CAC TGC TCA /dU/GT ACA GAG
du C-3

5-FAM-CAC TGC TCA /FdU/GT ACA GAG
FdU C-3

5’-FAM-CAC TGC TCA /BrdU/GT ACA GAG
BrdU C-3

Supplemental Table S4. Retention time and fragmentation products monitored by LC-MS

Compound Retention Time Parent lon? Product lon1P
Uracil 1.9 111 (380) 41.9 (12)
Fluorouracil 2.1 129 (380) 41.9 (14)
BCN Uracil 1.9 117 (380) 44.0 (12)
13CI®N Fluororacil 2.1 135 (380) 44.0 (14)

2 Fragmentor voltages are in parenthesis. °Collision energies are in parenthesis.

Supplemental Table S5. ICs values for FU in colorectal cancer cell lines?

FU ICso (UM)

Cell line Z%i\ilvce;zz i?llrfilk\)li(tizd Fold change in IC50°
SW480 29+0.8 3.1+£05 0.9
DLD1 2+05 1.4+0.3 14
HCT15 1.7+04 2.1+0.3 0.8
HT29 1.3+x0 0.60+0.1 2
KM12 1.4+£0.2 1.0+£0.3 14
HCT116 2812 1.3
HCC2998 © 1.8+1.0 g x 1
LoVo 241 2614 0.9
SW620 25+£0.3 3.0£05 0.8
Colo205 14+6 0.28+0.2
LS513 04+£0.2 041+0.2 1
.'I_.lggg'lG 1.9+0.2 24+04 0.8

8|Cso values were calculated using eq 1 and standard deviations were calculated
from two independent biological replicates. PDefined as 1CsUNC*IC50NC.
‘HCC2998 cell line contains a polymerase epsilon mutation.




Supplemental Table S6. Raltitrexed IC50 values and Area under curve analysis for Colorectal
Cancer Cell Linesa

RTX IC50 (nM) AUC
cell line hUNGZ 'hU_N_GZ Fold change hUNGZ _hU.N'GZ
active inhibited IC50° active inhibited
SW480 1.1+£054 1.1x051 1 330 £ 23 250 + 58
DLD1 0.67 £0.12 0.64 + 0.023 1 240 £ 31 160+1.4
HCT15 1.2 £0.049 0.99 £0.16 1.2 270 £ 20 180 4.9
HT29 0.27 £0.13 0.064 £ 0.068 4.2 230+ 25 170 £ 17
KM12 0.89+0.33 0.62 +0.31 14 310 £49 250 £ 14
HCT116 0.60 £0.13 0.60 £ 0.075 0.99 210+ 34 160 £5.7
HCC2998d 0.027 £0.030 | 0.027 £0.030 1 320 £13 390 £42
LoVo 0.97+0.24 0.93+0.18 1 330£5.7 340 £ 69
SW620 1.3+0.59 1.3+0.58 1 250 £ 57 240 £ 68
Colo205 0.71+041 0.29 £ 0.55 2.5 2600 150 £ 23
LS513 0351 0.43 £0.57 0.82 270 £33 240+ 7.8
$S5T3,116 0.56 +0.057 | 0.54+0.17 1 200 + 5.7 170 + 20

a]C50 values were calculated using eq 1 and standard deviations were obtained from two independent
biological replicates. ® Defined as IC50UNG+IC50UNG-. ¢ Defined as AUCUNG-/AUCUNG+. ¢
HCC2998 cell line contains a polymerase epsilon mutation.




Supplemental Table S6. Raltitrexed IC50 values and Area under curve analysis for
Colorectal Cancer Cell Linesa

RTX IC50 (nM) AUC

cell line hUNGZ _hU'N_GZ Fold change hUNGZ .hU'N_GZ

active inhibited IC50° active inhibited
SW480 1.1 +£0.54 1.1+0.51 1 330 £ 23 250 + 58
DLD1 0.67+0.12 0.64 + 0.023 1 240 + 31 160+ 1.4
HCT15 1.2 +£+0.049 0.99+0.16 1.2 270+ 20 180+ 4.9
HT29 0.27 £0.13 | 0.064 + 0.068 4.2 230 £ 25 170 £ 17
KM12 0.89 + 0.33 0.62 +0.31 1.4 310 + 49 250 + 14
HCT116 0.60+0.13 | 0.60+0.075 0.99 210+ 34 160 £+ 5.7
HCC2998d Obc_)ggoi 0.027 £ 0.030 1 320+ 13 390 £ 42
LoVo 0.97 £0.24 0.93+0.18 1 330 +5.7 340 + 69
SW620 1.3+0.59 1.3 +0.58 1 250 + 57 240 + 68
Colo205 0.71+0.41 0.29 + 0.55 2.5 260+ 0 150 + 23
LS513 0.35+1 0.43 +£0.57 0.82 270 £33 240+ 7.8
HCT116 0.56 +
P53 0.057 0.54+0.17 1 200 £5.7 170 £ 20

2 ]C50 values were calculated using eq 1 and standard deviations were obtained from two

independent biological replicates. °Defined as IC50UNC*|C50QYNC,

JAUCUNG* d HCC2998 cell line contains a polymerase epsilon mutation.

¢ Defined as AUCUYNG-
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Supplemental Figure S1: Validation of HCT116 isogenic TP53 knock-out. To validate
the HCT116 TP53 knock-out clone provided to our lab we extracted genomic DNA and
protein lysates both from the HCT116 TP53 knock-out clone and HCT116 parental cells.
We then amplified the region of DNA containing the region of TP53 lost by the homologous
recombination mediated deletion. (a) Shows the Sanger sequencing that was then
performed on the amplified regions from the HCT116 TP53 knock-out cells and the HCT116
parental line. When compared with the TP53 reference sequence from hg38, the HCT116
TP53 knock-out cells demonstrated the 133 base pair deletion previously described by
Bunz et al. while the HCT116 parental cells showed the reference sequence. We next look
at protein lysates from these cells to confirm whether this deletion resulted in loss of protein
expression. (b) Shows a western blot of the protein lysates from the HCT116 TP53 knock-
out line (left) and HCT116 parental (right) assayed with a p53 monoclonal antibody DO-1
(ThermoScientific (MA5-12571)) in addition to a GAPDH control. This demonstrated an
absence of discernable protein exoression in the TP53 knock-out line.
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Supplemental Figure S2: Measurement of hUNG Activity for non-colorectal cell lines. Cell lysates were
obtained from the parental cell lines or the UGI-inducible derivative as described in the main text and methods.
Activity measurements were performed using the 5’Fam-labeled 19mer containg a central dU nucleotide. hUNG
activity is manifested as a 9mer cleavage product which can be isolated by denaturing PAGE (see main text and
methods).
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Supplemental Figure S3: Measurement of Inducible hUNG inhibition after 3 months of cultures. Cell lysates
were obtained from HT29, LoVo, DLD1, SW620, and HCT116 parental cell lines under uninduced (growth in RPMI
media supplemented with Tet-free fetal bovine serum or UGI-induction with 0.5 ug/mL doxycycline for a total of 72
hours. Activity measurements were performed using the 5’Fam-labeled 19mer containg a central dU nucleotide.
hUNG activity is manifested as a 9mer cleavage product which can be isolated by denaturing PAGE (see main text
and methods).
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Supplemental Figure S4. Inhibition of hUNG activity increases potency of FdU for a subset of non-
colorectal cancer cell lines. Dose-response curves for non-colorectal cancer cell lines tested as part of our
panel. These cells were modified to contain the CW57.1 UGI inducible expression construct. Cells were
exposed to increasing doses of FAU under hUNG active (black) and inhibited (red) conditions for 72 hours.
Cell viability was then measured using the MTS assay. Each dose-response curve was repeated at least twice
beginning from a fresh culture of each cell line. The error bars on each measurement represent the standard
deviation from three technical replicates of each cell line/condition.
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Supplemental Figure S5: Average transcript levels of DNA damage repair and uracil
metabolism genes in hUNG-responsive and non-responsive cancer cell lines. RNA was
harvested after culturing for 96 hours in RPMI media. RT-gPCR transcript quantification was
performed for the indicated genes and normalized to expression of the 18S ribosomal subunit to
calculate AC:. The errors in the AC:values for the responsive and non-responsive cell lines are
standard deviations of the mean of three technical replicates.
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Supplemental Figure 6. Evaluation of apoptosis and double stranded breaks in hUNG responsive and non-
responsive colon cancer cell lines in response to 100 nM concentration of FdU. (A) Annexin V staining and
flow cytometry analysis of three responsive lines (B) Annexin V staining and flow cytometry analysis of three non-
responsive colon cancer cell lines. Cells were plated at 100,000 cells per well in 6 well plates. Cells were allowed
to recover overnight before each well was exposed to either growth media alone, or supplemented with 100 nM
FdU. Cells were maintained under these conditions for a total of 72 hours. Cells were released from the plate with
trypsin and total cells were stained with annexin V reagent for 30 minutes. Samples were analyzed for Annexin V
staining by flow cytometry. This flow cytometry experiment was performed in biological duplicates. For panels (C)
DLD1 and (D) SW620, western blot for gamma H2A.X was performed for cells in a UNG proficient and inhibited
state following 0, 12, 24, and 48 hours of FdU exposure at 1 yM. This demonstrated increased gamma H2A.X
activity in UNG deficient lines. In panel (E) we repeated the DLD1 experiment for the 48-hour time point with the
inclusion of Ac-DEVD-CHO, a caspase inhibitor which demonstrated that the increased gamma H2A.X occurred
through a caspase independent process.
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Supplemental Figure 7. Validation of Apoptosis Assay using TRAIL agonist. HCT116 cells were plated
at 200,000 cells per well in a 6 well plate and allowed to recover overnight before each well was exposed to
either continued growth conditions or TRAIL agonist at 400 ng/mL After 6 hours, cells were detached with
trypsin and stained with caspase 3/annexin V reagent for 30 minutes. Cells were then analyzed by flow
cytometry using the FITC and Violet 610 channels.




Compound 1: Ang I analog invelving cyclization by
thioacetalization
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Compound 2&3: Diasteromeric Ang I analogues Compound 4: having benzodiazepine-based scaffold
consisting thiazabicycloalkane (H atom at thiazabicyclic with Arg” side chain
ring has an R or § configuration)

Compound 5: having improved Benzodiazepine based Compound 6: having trisubstituted benzoic acid in
seaffold place of Tyr*-1le*
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Compound 7: with P b seaffold Compound §: small pseudopeptide aromatic scaffold
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