Science Advances

AVAAAS

Supplementary Materials for
ATM deficiency confers specific therapeutic vulnerabilities in bladder cancer

Yuzhen Zhou et al.

Corresponding author: Kent W. Mouw, kent mouw(@dfci.harvard.edu

Sci. Adv. 9, eadg2263 (2023)
DOI: 10.1126/sciadv.adg2263

The PDF file includes:
Figs S1 to S9
Legends for tables S1 to S5
References

Other Supplementary Material for this manuscript includes the following:

Tables S1 to S5



Supplementary Figure 1

A.

#ATM Mutations

€ Missense
@) Truncating ) Truncating
© Inframe © Inframe
€D splice
© sV/Fusion
ol o .... o Whoeesme ol manh o Bore aulesbrase o Sou el edles fe sostinse 8 srbed'S 31 T Butond eetrt wBpee fovare 7 S qosantod odiasm Bob o uu .. B o 3| aooel® 3;.4_.,. et B

R337

R1466

R2832

N2875

12888L

L2890

R3008

Supplementary Figure 1: ATM alterations in bladder cancer and other tumor types. A. Location of
ATM mutations in The Cancer Genome Atlas (TCGA) pan-cancer cohort (n = 10,967 tumors). Alterations
are color-coded by type. Data was accessed and visualized using the cBioPortal interface
(www.cbioportal.org). B. Seven amino acid positions have been identified as ATM missense mutational

hotspots (www.cancerhotspots.org).



Supplementary Figure 2

TCGA Case ID | Alteration | Mutation type GeLlln.e[ LOH
Somatic

TCGA-FD-A3N6 M1| Startloss Germline No l
TCGA-DK-A6AW R250X Stopgain Somatic No

TCGA-FD-A43Y S403X Stopgain Somatic Yes
TCGA-UY-A80D Q781X Stopgain Somatic Yes
TCGA-GV-A40E | W1026Lfs |Frameshiftins. Somatic Yes
TCGA-XF-AAMG| Q1276X Stopgain Somatic No Tru ncating
TCGA-4Z-AA84 R1466X Stopgain Somatic No .
TCGA-BT-A42E | Q1636X Stopgain Somatic Yes mutations
TCGA-E7-A5KF Q1839X Stopgain Somatic Yes

TCGA-UY-ASPF Q1839X Stopgain Somatic No
TCGA-DK-A6B5 E1978X Stopgain Germline No
TCGA-K4-A3WU| E1996fs | Frameshiftins. Germline No

TCGA-FD-A43P E2221X Stopgain Somatic No J
TCGA-KQ-A41N | X792_splice | Splice site Somatic No i

TCGA-E7-A808 |E1249 splice| Splice site Somatic No Spl ice site
TCGA-FD-A3B5 (X2191_splice| Splice site Somatic Yes .
TCGA-GV-A6ZA [X2326_splice| Splice site Somatic Yes mutations
TCGA-GD-A6C6 [X2643 splice| Splice site Somatic No i

Missense
mutations

Supplementary Figure 2: Complete list of predicted deleterious ATM alterations in the bladder cancer
(BLCA) The Cancer Genome Atlas (TCGA) cohort. See Methods for additional details regarding mutation

calling. Cases are color-coded by alteration type (orange, truncating; pink, splice site; red, missense).



Supplementary Figure 3

ATM-mutant ATM wild-type
(n=22) (n=384)
(meﬁfz cd) 66 + 12 68 + 11
Sex
Female 4 (4%) 104 (96%)
Male 17 (6%) 287 (94%)
Stage at diagnosis
1 0 (0%) 1(<1%)
2 10 (48%) 121 (31%)
3 7 (33%) 134 (35%)
4 4 (19%) 132 (34%)

Supplementary Figure 3: Clinical characteristics of ATM-altered and unaltered cases in TCGA bladder

cancer (BLCA) cohort.
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Supplementary Figure 4: Overall survival (OS) and progression-free survival (PFS) in ATM altered vs
unaltered cases in the TCGA bladder cancer (BLCA) cohort. PFS and OS were significantly longer in ATM-

altered compared to ATM-unaltered cases.



Supplementary Figure 5

Case No. Alteration Mutation type
1 R250X stopgain
2 E343X stopgain
3 E343Ifs*2 frameshift deletion
4 E390X stopgain
5 Q513X stopgain
6 K8285fs*8 frameshift deletion
7 Q1017Rfs*5 frameshift deletion
8 Ql116X stopgain
9 V1268* stopgain
10 S1589X stopgain
11 Q1636X stopgain
12 R1730X stopgain
13 11792Nfs*9 frameshift insertion
14 E1991X stopgain
15 E2157X stopgain
16 Q2433X stopgain
17 R2598X stopgain
18 Q2615X stopgain
19 W2960X stopgain
|20 [ Rosa7sasdodel | nonframeshif deleton |
21 splice splicing
22 splice splicing
23 splice splicing
24 splice splicing
25 splice splicing

Supplementary Figure 5: Complete list of predicted deleterious ATM alterations in the Dana-

Farber/Brigham & Women’s Cancer Center (DFBWCC) urothelial tumor cohort.

See Methods for

additional details regarding mutation calling. Cases are color-coded by alteration type (orange,

truncating; green, non-frameshift deletion; pink, splice site; red, missense).
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Supplementary Figure 6: ATM deletion in bladder cancer cell lines and DNA repair properties of ATM-

deleted models. A. Following nucleofection of Cas9/sgRNA ribonucleoparticles, single cells were sorted
and clones were expanded and then screened by ATM immunoblot to identify clones with loss of ATM
protein expression. Clones with red circles were selected as ATM-deleted clones. B. KAP1 is a primary
target of ATM phosphorylation following DNA damage and radiation-induced phosphorylation of KAP1
was markedly reduced in ATM-deleted vs WT ATM (control, ‘ctr’) KU19-19 bladder cancer cells. C. ATM
phosphorylates histone H2A following DNA damage and radiation-induced yH2AX (Ser139) foci were
significantly decreased in ATM-deleted compared to WT ATM BBN bladder cancer cells. D.
Quantification of yH2AX (Ser139) foci from experiment represented in panel C. ****, p<0.0001. E. Full
scale images (20X) of yH2AX (Ser139) foci in ATM-deleted and ATM WT BBN and UPPL cells. Cells in

white boxes were amplified and displayed representatively in Figure 2C and and Supplementary Figure
6C.
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Supplementary Figure 7: ATM deletion increases sensitivity to DNA damaging agents. A-B.
Representative images of crystal violet stained wells from cell survival assays following ionizing radiation.
C. Xenograft growth curves for ATM-deleted and WT ATM BBN xenografts. The ATM-deleted and WT ATM
models grow at a similar rate in untreated conditions (dark blue and dark green lines, respectively), but
only the ATM-deleted xenograft model has growth delay following treatment with 3 Gy x 3 of tumor-
directed radiation. Radiation treatments are denoted by red arrows. D-G. Representative images of
crystal violet stained wells from cell survival assays following cisplatin treatment. For the BBN and UPPL
cell lines, the same untreated (“UT”) data was used for cisplatin, olaparib and berzosertib sensitivity

assays because these three experiments were run in parallel.
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Supplementary Figure 8: ATM deletion increases sensitivity to DNA repair directed agents. A. Full scale
images (20X) of Rad51 immunofluorescence in ATM-deleted and ATM WT KU19-19 cells. Cells in white
boxes were amplified and displayed representatively in Figure 3A. B-C. Representative images of crystal
violet stained wells from cell survival assays following treatment with the PARP inhibitor olaparib. D-H.
Representative images of crystal violet stained wells from cell survival assays following treatment with
the ATR inhibitor berzosertib. |. Representative images of crystal violet stained wells from cell survival
assays following treatment with the DNA-PK inhibitor nedisertib. For the BBN and UPPL cell lines, the
same untreated (“UT”) data was used for cisplatin, olaparib and berzosertib sensitivity assays because

these three experiments were run in parallel.



Supplementary Figure 9

BBN

BBN-ATM-KO

A

—_
m

Tumor volume (mm

= BBN963 no treatment= BBN963-ATM-KO no treatment

= BBN963 anti-PD1 BBN963-ATM-KO anti-PD1

2000
1500
1000
500
n T T T T T T T T T T T
1 3 6 8 10131517 20222427
Days post first treatment

1000

500

o

tumor purity score

T test, p=0.99
L

e —

-

(%]

~

N

-

BBN963

p=0.14

TRG Shannon—Wiener diversity
w

BBN963 BBN963-ATM-KO

P log2FC= 1.67, adj. p= 0.067

200 |

150

100

PDCD1

50

.

L

]

BBNG63 BBN963-ATM-KO

BBN963-ATM-KO

Q

CD274

700/

500,

3004

(o]

Live cells

eFluo780 live/dead

PE FOXP3

s Ttest,p=0.94

0 .
c
S
0.0 .
>
£ =
3075 :
<]
£
2070 J

Pacific Blue 450 CD45

FITC CD4

BBN963 BBN963-ATM-KO

log2FC= 0.74, adj. p= 0.048

|

50 v
BBN963 BBN963-ATM-KO

log2FC=0.97, adj. p= 0.002

BBN963 BBN963-ATM-KO

BBN963 BBN963-ATM-KO

—

[}

[ ]

CD3+

BV605 CD8

T test, p= 0.082

BBN963 BBN963-ATM-KO

p=0.08

==

TRA Shannon—Wiener diversity
N

N
600+

500
o 4004
N 300
9

200

100

BBN963 BBN963-ATM-KO

log2FC= 1.62, adj. p= 0.001

R

—_—

BBN963 BBN963-ATM-KO

CsscA

?troma Score

D
c
S
K 80
3
9] CD3+ T cell
a 60
b
5 40 ns .
220 s ==
D % A
® 0 o
BBN BBN-ATM-KO
Ttest, p=0.1
600 L
400
200
200 | ==
—400 .
BBN963 BBN963-ATM-KO
K
2 p=0.15
wv
E, .
29
T
%6
%
1 .
23
5
A |
E BBN963 BBN963-ATM-KO
log2FC= 2, adj. p= 0.064
40| .
0]
0- -
0]

BBN963 BBN963-ATM-KO



Supplementary Figure 9: Impact of ATM loss on immune properties and anti-PD1 response. A.
Individual xenograft growth curves for ATM-deleted and WT ATM BBN tumor-bearing mice treated with
versus without anti-PD1 (n=8 mice per group). B. Photographs of harvested xenografts from all mice
represented in panel A. C. Overview of T cell flow cytometry gating strategy. D. Flow cytometric analysis
showed no significant difference in CD3+ T cell population in ATM-deleted versus WT ATM BBN tumors. E.
RNA-seq based immune cell fraction estimation using TIMER revealed a trend towards increased CD8+ T
cells in ATM-deleted compared to WT ATM xenografts. F-l. Immune deconvolution of RNA-seq data
using ESTIMATE revealed a trend towards higher immune score in the ATM-deleted xenografts, higher
stroma score in the WT ATM xenografts, and no difference in the tumor purity score or fraction. J-L. BBN-
ATM-KO samples showed increased TRA, TRB and TRG diversity. M-Q. RNA-seq normalized counts for
selected immune-related genes showed differences in expression levels of CD4, granzyme B (Gzmb),
granzyme K (Gzmk), PD-1 (PDCD1), and PD-L1 (CD274) between WT and KO tumors with higher levels in
the ATM KO tumors. P-values were adjusted using the Benjamini-Hochberg procedure; log2FC, log-

transformed fold-change.



Supplementary Table 1: Genomic and clinical data for DFBWCC urothelial cohort.

Supplementary Table 2: Differential RNA expression data for BBN963 ATM WT and KO cell lines.

Supplementary Table 3: ATM IHC data for DFBWCC bladder cancer cohort.

Supplementary Table 4: ATM IHC data for MGH bladder cancer cohort.

Supplementary Table 5: Reagent details.
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