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SUPPLEMENTARY METHODS

Compounds

PS89 was synthesized as described previously.(1) The PS89 photo probe was labeled with a rhodamine
reporter dye by click chemistry (5-TAMRA-Azide; Jena Bioscience, Jena, Germany). Etoposide,
daunorubicin, 6-mercaptopurine, dexamethasone and vincristine were purchased from Sigma Aldrich
(St Louis, MO, USA). ABT-199 was obtained from LKT Laboratories (St Paul, MN, USA), Z-IETD-FMK
from R&D Systems (Minneapolis, MN, USA) and QVD-OPh from Merck Millipore (Darmstadt, Germany).

Apoptosis assay

Apoptosis was determined according to Nicoletti et al.(2) In brief, stimulated cells were stained with
50 pg/ml propidium iodide (Pl, Sigma Aldrich) in 0.1% Triton X-100 permeabilization buffer and
percentage of apoptotic cells at subG1 was determined using a FACSCanto |l flow cytometer (BD,
Franklin Lakes, NJ, USA) and FlowJo software v7.6.5 (Tree Star, Ashland, OR, USA). Apoptosis of
daunorubicin treated HL-60 cells was determined using YO-PRO-1 nucleic acid stain.

PDX cells and PBMCs were analyzed with identical equipment and the percentage of viable or apoptotic
cells, respectively, was determined by forward/side scatter (FSC/SSC) gating as previously described
(3). For cell death analysis of CD34+ cells, PBMCs were isolated and stained with FITC conjugated-
anti-CD34 antibody. Propidium iodide was used to determine the cell death of at least 25000 CD34
positive cells by flow cytometry. Specific apoptosis was calculated as follows: [(experimental apoptosis
(%) - spontaneous apoptosis (%)) / (100% - spontaneous apoptosis (%))] x 100

Proliferation assay

Cells were allowed to proliferate for 72 h in presence or absence of stimulants and stained with CellTiter-
Blue reagent (Promega, Fitchburg, WI, USA) for 4 h. Fluorescence was measured on a SpectraFluor
Plus microplate reader (Tecan, Mannedorf, Switzerland) and normalized towards DMSO control.

Western Blot

Chemiluminescent western blotting was performed according to standard procedures. Protein amount
was quantified by BCA assay (Uptima BC Assay Kit, Interchim, Montlucon, France) and equal protein
load was determined by actin staining or stainfree detection (4) using a ChemiDoc Touch Imaging
System (Bio-Rad, Hercules, CA, USA), as indicated. Proteins were transferred to Amersham PVDF
membranes (GE Healthcare) by tank blotting. Densitometric quantification of the band intensity of 3
independent western blot experiments was performed by using Image J software.

Antibodies for Western blot

Primary antibody Origin Supplier

Actin Clone C4 Mouse Millipore, Darmstadt, Germany
BAP31 B-10 Mouse Santa Cruz, Dallas, TX, USA
BAP31 C-15 Goat Santa Cruz, Dallas, TX, USA
Bcl-2 2872 Rabbit Cell Signaling, Danvers, MA, USA
Bcl-xL 2762 Rabbit Cell Signaling, Danvers, MA, USA
Caspase-3, Active C8487 Rabbit Sigma Aldrich, St Louis, MO, USA
Caspase-8 1C12 Mouse Cell Signaling, Danvers, MA, USA
Cytochrome ¢ 4272 Rabbit Cell Signaling, Danvers, MA, USA
PARP 9542 Rabbit Cell Signaling, Danvers, MA, USA
PDI C81H6 Rabbit Cell Signaling, Danvers, MA, USA

VDAC 4866 Rabbit Cell Signaling, Danvers, MA, USA




Secondary antibody Origin Supplier

Anti-goat 1I9G, HRP 705-035-147 Donkey Dianova, Hamburg, Germany

Anti-mouse IgG, HRP 7076 Goat Cell Signaling, Danvers, MA, USA

Anti-rabbit 1IgG, HRP 172-1019 Goat Bio-Rad, Hercules, CA, USA
Transfection

Gene silencing was performed using GenaxxoFect reagents (Genaxxon, Ulm, Germany) according to
manufacturer’s instructions and ON-TARGETp/us SMARTpool siRNA (GE Dharmacon, Lafayette, CO,
USA) against human PDIA1 and BCAP31. Overexpression of PDIA1 was performed with FuGene HD
reagent (Promega, Fitchburg, WI, USA). PDI vector was kindly provided by W. Ou (Bethesda, MD,
USA).(5)

Target network analysis
Protein-protein interaction network analysis was performed using STRING v10 (6) with subsequent
refinement of functional enrichment by Gene Ontology (GO) classification.(7)

Confocal microscopy

Hela cells were incubated with the PS89 photo probe followed by UV crosslinking to cellular targets at
365 nm and coupling of a rhodamine reporter dye by click chemistry (5-TAMRA-Azide; Jena Bioscience,
Jena, Germany). BAP31 was subsequently stained using anti-BAP31 HPA003906 (Sigma Aldrich) and
goat anti-rabbit Alexa 488 (Thermo Fisher, Waltham, MA, USA) according to Prestige Antibody IF
procedure. Confocal microscopy was performed on a Leica SP8 LSM system (Leica, Wetzlar, Germany)
and co-localization was evaluated using Leica LAS X software.

Fluorescence Correlation Spectroscopy (FCS)

FCS measurements were performed on a Leica TCS SP8 SMD microscope combined with a Picoquant
LSM Upgrade Kit. For all measurements, 63x Zeiss water immersion lens and ibidi 8 well p-slides with
glass bottoms were used. The effective volume (V¢) and structure parameter (k) were measured at the
start of each experiment using 1nM ATTO488 dye solution (ATTO-TEC GmbH, Siegen, Germany). Ten
or more different points were measured in every well for 45 s per point. The samples included two
different concentrations (50 nM and 250 nM) of the freely diffusing PS89 probe in buffer and two different
concentration ratios [S1: 50nM/50nM, (1:1), S2: 50 nM/200 nM, (1:4)] of the PS89 plus the recombinant
human BAP31 protein (Abcam plc, Cambridge, UK), respectively. All solutions were diluted using 50
mM Tris-HCL, pH = 8 buffer with a 5% DMSO. All concentrations were also verified with nanodrop
spectrophotometer. FCS curves were analyzed using the Picoquant SymPhoTime V 5.2.4.0 software.
Control measurements to determine the diffusion time and concentration of PS89 were fitted with a
single diffusing species and a triplet state (eq. 1). Subsequent measurements to determine the diffusion
time and concentration of PS89+BAP31, were fitted for two diffusing species and a triplet state (eq. 1).
In this case, one of the two species diffusion times was confined to the diffusion time of PS89 obtained
in the control experiments.

1

b= (14 e 2) (14 227 (10 22)°

T z

3 2
— 5 2 . _ Woo | _ <N>
VEff,3D =T2.Wy". 2y ; D3D = 4 ;< C>=

(1)

VEfr-Na

Co-immunoprecipitation

Preparation of cell lysates (Triton-X lysis buffer, 500 ug protein per sample determined by BCA assay)
and co-IP using the yMACS Protein G MicroBeads kit (Miltenyi Biotech, Bergisch Gladbach, Germany)
was performed according to manufacturer’s instructions. Precipitation: Goat anti-BAP31 C-15 (Santa
Cruz). Detection: Mouse anti-BAP31 B-10 (Santa Cruz) and Mouse anti-CASP8 1C12 (Cell Signaling).

Flow cytometric analysis of calcium, MMP and ROS

The following dyes were used for fluorescence staining. Calcium: Cal-520 (AAT Bioquest, Sunnyvale,
CA, USA); Mitochondrial membrane potential (MMP): JC-1 (Enzo, Farmingdale, NY; USA); Reactive
oxygen species (ROS): Carboxy-H,DCFDA (Thermo Fisher). Pl counterstaining was used to exclude



dead cells. Sample preparation was performed according to manufacturers’ instructions and cells were
analyzed on a FACSCanto Il flow cytometer (BD).

Cell cycle analysis
Cellular DNA content was examined by propidium iodide staining and flow cytometry.(2) Cell cycle
analysis was performed using FlowJo software v7.6.5 (Tree Star, Ashland, OR, USA).

Colony formation assay

Jurkat and VCR-R CEM were stimulated for 4 h, washed with PBS and reseeded at a density of 5.000
cells/ml in 0.4% methylcellulose and 40% FCS supplemented medium to grow into colonies. After 7 or
5 days of proliferation, respectively, colonies were stained with MTT (0.25 mg/ml) for 3 h. Images of
each well were analyzed with ImageJ software (open source) and the number of colony forming units
(CFU) per well was normalized towards DMSO control. HL-60 cells were treated for 24h with PS89 and
6-MP, washed and reseeded (2000 cells/ml) in methylcellulose medium (Human Methylcellulose
complete media, R&D Systems, Minneapolis, MN, USA). Clonogenic growth was monitored by counting
the colonies after 7 days, respectively.

Data collection and statistics

Data from at least three independent experiments are expressed as mean + SEM and statistical analysis
was performed with GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA). For Western blot
and confocal microscopy, representative images of at least three independent data sets are shown.
Synergism was calculated according to the Bliss independence model (8) as described in the following
equitation: Yp = Ya/(Ya + Y- YaoYy), where Ya is the cytotoxic effect of drug a and Yb the effect of drug
b. Yp> 1: synergy, Yp< 1: antagonism, Yp= 1: additivity.
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure S1. (a) Jurkat cells were treated with PS89 and etoposide (ETO) for 48 h,
permeabilized and stained with propidium iodide. Cell cycle was analyzed by flow cytometry. (b) Jurkat
cells were incubated with ETO and allowed to proliferate for 72 h in presence or absence of PS89.
Viable cells were determined by CellTiter-Blue staining and normalized towards DMSO control. (c)
Jurkat cells stimulated for 4 h with PS89 and ETO were washed and reseeded at low density (5.000
cells/ml) in medium with increased viscosity. The number of colonies was quantified after 7 days of
proliferation and normalized towards DMSO control. (d) Jurkat or (e) HL-60 cells were treated with
increasing concentrations of 6-mercaptopurine in combination with 25uM PS89. After 48h apoptosis
rate was determined by FACS measurements. (f) Combined treatment of HL-60 and Jurkat cells with
indicated concentrations of dexamethasone (DEX) and PS89 for 48h and analysis of apoptosis rate. (g)
Vincristine resistant CEM cells stimulated for 4 h with PS89 and vincristine (VCR) were washed and
reseeded in medium with increased viscosity. After 5 days, the number of colonies was quantified and
normalized towards DMSO control. (h) HL-60 cells were treated for 24h with PS89 and 6-
mercaptopurine and reseeded in low density in methylcellululose medium. Clonogenic growth was
monitored by counting the colonies after 7 days.

Supplementary Figure $2. CCRF-CEM and HL-60 cells were cultured for 24h in drug supplemented
medium as indicated and cleavage of PARP and caspase 3 activation was analyzed by Western Blotting.

Supplementary Figure S3. Vincristine resistant (VCR-R) CEM cells were treated with PS89 and VCR
in presence or absence of the pan-caspase inhibitor Q-VD. Percentage of apoptotic cells was
determined by FACS analysis after 48 h.

Supplementary Figure S4. PDI silenced Jurkat cells (siRNA transfection, 24 h) were incubated with
etoposide (ETO) and allowed to proliferate for 72 h. Viable cells were determined by CellTiter-Blue
staining and normalized towards DMSO control. PDI expression was analyzed by immunoblotting as
shown in Figure 2a.

Supplementary Figure S5. Control of secondary antibody background staining, immuno-fluorescence
of BAP31 primary and goat anti-rabbit Alexa 488 secondary antibodies and rhodamine reporter dye
background staining (5-TAMRA-Azide) with and without PS89 photo probe after UV crosslinking and
coupling to the rhodamine reporter using equal settings as in Fig 3a. Nuclei were stained with Hoechst
33342.

Supplementary Figure S6. (a) Example of FCS autocorrelation curves and residual plots for all
measured samples. (b) Two different concentrations (50 nM, 250 nM) of the freely diffusing PS89 in
buffer solution were analyzed by single-point FCS. Diffusion coefficients were measured after 1 species
fitting of the autocorrelation curves (N>15). Bars represent mean + SEM. (c) Diffusion values of the two
different species of PS89 in combination with 200nM BAP31. (d) Concentration values for all measured
samples acquired by single-point FCS were measured and verified after 1 or 2 species fitting of the
autocorrelation curves (N>15, N>10). Bars represent mean + SEM.

Supplementary Figure S7. (a) CEM cells or (b) ALL patient derived xenograft (PDX) cells were treated
with PS89 and vincristine for indicated time points and expression and cleavage of caspase 8 and
BAP31 was analyzed by western blotting.

Supplementary Figure S8. Normalization of protein amounts of cleaved caspase 8 to
immunoprecipitated BAP31 in Jurkat cells treated with PS89 and etoposide.

Supplementary Figure S9. Caspase-8 deficient (CASP8 -/-) or wildtype Jurkat cells were treated with
PS89 25 uM and etoposide (ETO 250 nM or 500 nM, respectively). Percentage of apoptotic cells was
determined by FACS analysis after 48 h. Knockout of CASP8 was verified by immunoblotting.



Supplementary Figure S$10. Cytosolic calcium levels in PS89, vincristine or daunorubicin treated (a)
CCRF- CEM, (b) HL-60 and (c) ALL PDX cells were analyzed by FACS measurements after 24h or 48h,
as indicated.

Supplementary Figure S11. Cytochrome release into the cytosol after treatment of CCRF-CEM cells
with PS89 and vincristine was determined after 48h by cytosol-mitochondrial fractionation and western
blotting.

Supplementary Figure $12. (a) CCRF-CEM and (b) HL-60 cells were treated with PS89 and
cytostatics. Intracellular ROS levels were evaluated by FACS measurements after 24h and 48h.

SUPPLEMENTARY TABLES

Supplementary Table S1. (a,b) Synergistic interaction of PS89 and cytostatics in cells treated
according to Figure 1a and 1b was evaluated by using the Bliss independence model.

Supplementary Table S2. Classification and cytogenetic characteristics of PDX samples.

Supplementary Table S3. (a,b) Respective p-values of PBMCs, CD34+, ALL and AML patient samples
treated with PS89 and vincristine or daunorubicin were calculated by ordinary one-way ANOVA test.
Green fields indicate statistically significant effects (p-values <0,05). (c¢) The Brown-Forsythe statistical
test demonstrates that group variances of CD34postive treated cells as shown in Fig 1f are statistically
equal.

Supplementary Table S4. List of PS89 target proteins identified by ABPP (n=42) matching defined
criteria: (1) Probe / DMSO: >3-fold enrichment (log, Probe / DMSO >1.6) and -log, p-value >2. (2)
Probe / PS89 log, enrichment >0. Ranks were assigned according to the degree of enrichment and their
reproducibility. The overall score was calculated as the average of all ranks with double weighting the
Probe/PS89 competition values.

Supplementary Table S5. Synergistic interaction of PS89 and ABT-199 in Jurkat cells was evaluated
by using the Bliss independence model.
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Supplementary tables

Table S1
Bliss values b Bliss values (> 1 indicates synergism)

(> 1 indicates synergism) HL60 CCRF-CEM | VCR-CEM
0.1uM ETO + PS89 1.10 DNR/VCR+PS89 1,98 2,73 5,96
0,25uM ETO + PS89 1,22
0,5uM ETO + PS89 1,65 c

1uM ETO + PS89 1,72 p-values
. : PBMC |ALL-168 | ALL-230
1,5uM ETO + PS89 1,38 (Ordinary one-way ANOVA)
2uM ETO + PS89 118 25uM PS89 0,07 0,08 0,11
5uM ETO + PS89 1.00 5nM VCR 0,79 0,06 0,05
10 uM ETO + PS89 1.03 25uM PS89+5nM VCR 0,07 0,002 0,002
e
i ﬂuwcéwm S PBMC |AML-372|AML-393lAML-491| cD34+ Brown-Forsythe test CD34+ cells
! y F (DFn, DFd) 0,7336 (2,6)
25uM PS89 0,81 0,73 >0,99 | >0,99 0,97 p-value 0,5188
5nM DNR 0,67 0,82 >(,99 0,95 - p-value summary ns
25uM PS89+5nMDNR | 039 | 018 | 095 | 0,39 - wﬂm m_umﬁ m_@:_wowmﬁ_w\ No
< :
20nM DNR 0,11 | 002 | 008 |<0,001]| 097 ferent (p<0.05)
25uM PS89+20nM DNR 0,003 | <0,001 0,02 | <0,001 0,37




Table S2

Sample | Type [ Subtype | Disease | Sex Age | Cytogenetics NPM1 [ FLT3 | BCR- | MLL
Stage ABL

ALL-168 | ALL | preB initial female 51 46, XX, neg. | neg.

ALL diagnosis der(19)t(1;19)(923;q13),inc

ALL-230 [ ALL | TALL initial male 4 | 46, XY, t(11;14);(p32;911) neg. | neg.
diagnosis

AML-372 | AML | MO relapse male 42 | complex, including -17 wt wit neg.

AML-393 | AML | M4 relapse female 47 | 46,XX,ins(10;11)(p12;923923) wt wt MLL-

AF10
AML-491 [ AML relapse female 53 | 46,XX,del(7)(g271) wt wt neg.




Table S3
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Table S4

Bliss values

(> 1 indicates synergism)

0,5uM ABT-199 + PS89 1,21
1uM ABT-199 + PS89 1,53
2uM ABT-199 + PS89 1,54
3uM ABT-199 + PS89 1,92
SuM ABT-199 + PS89 1,53
10uM ABT-199 + PS89 1,48

25uM ABT-199 + PS89 1,06

50 yM ABT-199 + PS89 1,00

100 yM ABT-199 + PS89 0,94




