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Discovery of PZ671, a highly potent and in vivo active CRBN-
recruiting Bcl-xL degrader

Peiyi Zhang,$? Dinesh Thummuri,* Wanyi Hu,? Sajid Khan,® Yonghan He,? Xuan Zhang,? Pratik Pal,?
Dongwen Lv,® Daohong Zhou*® and Guangrong Zheng*?

The conversion of conventional inhibitors of Bcl-xL, a key anti-apoptotic protein, to PROTAC degraders has shown
significant promise, particularly in mitigating the on-target thrombocytopenia associated with Bcl-xL inhibition but improving
their potency. Previously, we reported XZ739, a CRBN-recruiting Bcl-xL PROTAC that was 20-fold more potent than its
parent inhibitor ABT-263 against Bcl-xL dependent MOLT-4 cells while reducing toxicity to human platelets. Building on
XZ739, we here report the discovery of PZ671, a more potent Bcl-xL degrader with ~10-fold improved cellular activity against
MOLT-4 cells (ICs, = 1.3 nM), and ~6-fold enhanced degradation potency against Bcl-xL (DCs, = 0.9 nM), as well as superior
potency across multiple SCLC cell lines compared to XZ739. In vivo studies revealed that PZ671 could effectively inhibit
MOLT-4 xenograft growth in mice but only caused a moderate and transient reduction in platelet counts following its
administration. Our findings highlight the potential of CRBN-recruiting Bcl-xL degraders as promising anticancer agents with

improved efficacy and manageable platelet toxicity.

Introduction

Apoptosis, a programmed cell death process, is fundamental for
maintaining tissue homeostasis and eliminating damaged or
unnecessary cells.! Dysregulation of apoptosis is a hallmark of
cancer, enabling malignant cells to evade death signals and
proliferate uncontrollably.? Targeting the apoptotic machinery
has thus emerged as a promising strategy in cancer therapy. The
B-cell lymphoma 2 (Bcl-2) protein family plays a central role in
regulating apoptosis. This family consists of pro-apoptotic (e.g.,
BAX, BAK) and anti-apoptotic (e.g., Bcl-2, Bcl-xL, Mcl-1) proteins,
which collectively govern mitochondrial integrity and caspase
activation. Anti-apoptotic proteins, notably Bcl-2, Bcl-xL, and
Mcl-1, are frequently overexpressed in cancers, conferring a
survival advantage to malignant cells.37 Among them, Bcl-xL is
the most frequently overexpressed protein in solid tumors and
a subset of leukemias and lymphomas.® Tumor resistance to
anticancer therapies has also been found to be positively
correlated with Bcl-xL expression.® Our recent studies revealed
that Bcl-xL inhibitors also possess senolytic properties, enabling
the selective elimination of senescent cells implicated in aging
and age-related diseases.1%12 This dual activity renders Bcl-xL a
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target with broader therapeutic implications beyond cancer
treatment.

Over the past two decades, numerous Bcl-xL selective or Bcl-
xL/Bcl-2 dual inhibitors have been developed (Fig. 1).13 Early
efforts in targeting the Bcl-2 family led to the development of
ABT-737, the first potent Bcl-xL/Bcl-2 dual inhibitor developed
via fragment-based drug discovery by NMR approach.1415 ABT-
737 served as a prototype for subsequent Bcl-xL/Bcl-2 dual
inhibitors, such as navitoclax (ABT-263), which is orally
bioavailable and has been in Phase Il trials for
hematological malignancies and small cell lung cancer (SCLC).16
these inhibitors
thrombocytopenia due to Bcl-xL’s role in platelet survival, which

clinical

However, caused dose-limiting
cannot be solved by conventional medicinal chemistry, greatly
limiting their clinical utility.

Efforts to mitigate the on-target platelet toxicity associated
with Bcl-xL inhibition have driven the exploration of innovative
strategies, including prodrugs,’” antibody-drug conjugates
(ADCs),18 and proteolysis-targeting chimeras (PROTACs) (Fig.
2).13.19-28 pPROTACs utilize E3 ligases to induce targeted protein
degradation, offering the potential for cell/tissue selectivity
with reduced on-target effects, even when targeting
ubiquitously expressed proteins, as long as the E3 ligase has
cell- or tissue-selective/specific expression.?®

Our group has focused on developing Bcl-xL/Bcl-2 PROTAC
degraders using various E3 ligases, including von Hippel-Lindau
(VHL), and cereblon (CRBN) (Fig. 2).21-26 Among these, DT2216,
a VHL-recruiting Bcl-xL selective degrader derived from ABT-
263, demonstrated higher potency against a variety of Bcl-xL
dependent cancer cells with significantly reduced platelet
toxicity compared to its parent compound ABT-263.21 DT2216 is
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Fig. 1 Structures of representative Bcl-xL/Bcl-2 dual (ABT-263 and ABT-737), and Bcl-2 selective (ABT-199) inhibitors.
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Fig. 2 Chemical structures of representative Bcl-xL/Bcl-2-targeting PROTACs.

currently in clinical trials (ClinicalTrials.gov IDs: NCT04886622
and NCT06620302). Building on this, we also developed XZ739,
a CRBN-recruiting Bcl-xL degrader, by replacing the VHL-binding
moiety in DT2216 with CRBN binding moiety pomalidomide, the
piperazine group with an N-methylamine group, and the
polymethylene linker with a PEG linker.2> XZ739 exhibited over
7-fold higher potency than DT2216 against MOLT-4 cells (a T cell
acute lymphoblastic leukemia (T-ALL) cell line that primarily
depends on Bcl-xL for survival) and maintained excellent
selectivity (>100-fold) for MOLT-4 cells over human platelets
because CRBN E3 ligase and its associated E1 and E2 enzymes
are minimally expressed in human platelets.* Similar to
DT2216, no BCL-2 degradation was observed after treating with
XZ739 in MOLT-4 cells.2> Our previous studies have revealed
that both Bcl-xL and Bcl-2 can form stable ternary complexes
with DT2216 and VHL in cell-free conditions, whereas in live
cells, only Bcl-xL, but not Bcl-2, can form stable ternary
complexes with DT2216 and VHL, which may contribute to the
specificity of Bcl-xL degradation.?! These findings demonstrated
the feasibility of achieving target specificity through conversion
of non-selective inhibitors to PROTACs. However, whether the
same mechanism exists for the selectivity of compound XZ739
on Bcl-xL needs to be validated by relevant experiments. In
addition, while DT2216 displayed moderate cytotoxicity (ICso =
278 nM) in NCI-H146 cells (a SCLC cell line that depends on both
Bcl-xL and Bcl-2 for survival), XZ739 is more potent than DT2216
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against NCI-H146 cells (ICso = 25 nM), suggesting its potential as
a single agent treatment for tumors dependent on both Bcl-xL
and Bcl-2 for survival. These findings laid a solid foundation for
the further structural optimization of XZ2739 as shown in this
report.

Through a series of structure-activity relationship (SAR)
studies, we identified PZ671 as a highly potent Bcl-xL degrader.
PZ671 exhibited ~10-fold improved cellular activity against
MOLT-4 cells (ICso = 1.3 nM vs 10.1 nM), ~6-fold enhanced
degradation potency against Bcl-xL (DCsp = 0.9 nM vs 5.1 nM)
compared to XZ2739 and demonstrated superior potency across
all tested SCLC cell lines. Importantly, PZ671 showed ~25-fold
higher selectivity for MOLT-4 cells over platelets compared to
ABT-263. In vivo, PZ671 effectively inhibited MOLT-4 xenograft
tumor growth at a dosing regimen of 1.5 mg/kg every 4 days but
only induced a transient drop in platelet counts following its
administration with rapid recovery observed from the second
day onwards. This contrasts with the milder but more prolonged
thrombocytopenic effects typically associated with VHL-
recruiting degraders. We consider that the rapidly reversible
platelet effects induced by the CRBN-recruiting degrader PZ671
may represent a more controllable therapeutic profile.

Results and discussion

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 Computational modelling of (A) ABT-263, available from PDB code 4QNQ, and (B) derivatives with various alkyl substituents at salt bridge nitrogen bound to Bcl-xL proteins.
The bulky substituents push the nitrogen away from its optimal position to form a salt bridge with the Glu96 residue.

Compounds design and biological evaluation

As reported,?330 Glu96 of Bcl-xL and the protonated nitrogen
atom on the morpholine ring of ABT-263 forms a salt bridge,
which plays a crucial role in achieving high Bcl-xL binding
affinity. Notably, the morpholine ring can be replaced with a
dimethylamino group, as demonstrated in ABT-737. In our
previous work, we designed XZ739 by replacing the morpholine
ring in ABT-263 with an N-methylamino group as a linker
attachment point. To investigate how different substituents at
this position influence PROTAC activity, we systematically
modified the substituents by either removing the methyl group
or introducing various alkyl groups, yielding compounds 1a-1i
(Table 1).

These compounds were evaluated for their effects on the
viability of MOLT-4 cells, with XZ739 as the positive control
(Table 1 and Fig. S1A). A clear trend was observed, larger
substituents impaired cellular potency against MOLT-4 cells,
with the effect becoming more pronounced as the substituent
size increased. This is partly due to bulkier substituents
disrupting the optimal positioning of the nitrogen atom for salt
bridge formation, thereby decreasing Bcl-xL binding affinity
(Table 1, Fig. 3 and Fig. S2-S3). However, other factors, such as
the efficiency of forming stable ternary complexes, may also
contribute. For example, compound 1a/1b exhibited similar
binding affinity to XZ739 but were 5- to 6-fold less potent in
killing MOLT-4 cells. Based on these findings, we retained the
methyl-substituted tertiary amine in XZ739 and explored the
impact of various linkages to the CRBN-recruiting moiety
thalidomide/lenalidomide on cellular activity (Table 2 and Fig.
S1B).

Compound 2a, featuring an ether linkage at the C4 position
of thalidomide, exhibited comparable potency against MOLT-4
cells to XZ739. Replacing the ether linkage of 2a with a triple
bond 2b resulted in a 2-fold increase in potency, while the
corresponding saturated C-C linkage containing compound 2c
retained similar potency against MOLT-4 cells to 2b. Moving the
linker attachment to the C5 position of thalidomide significantly
reduced potency for the triple-bond containing compound 3a
by almost 3-fold compared to the corresponding C4-substituted

This journal is © The Royal Society of Chemistry 20xx

2b, whereas the C-C linkage compound 3b showed cellular
activity comparable to 2b/2c.

Incorporating conformationally restricted linkers has been
shown to stabilize ternary complex formation and improve PK
properties of PROTACs.3135 To test this, we synthesized
compounds 2d-2f (Table 2) by inserting conformationally
restricted units (piperazine/piperidine/triple bond) into the
linker. Compound 2d with a piperazine ring directly connected
to thalidomide had similar cellular activity to XZ2739 but was 2-
fold weaker than 2b. Introducing an additional triple bond
between the piperidine ring and thalidomide (compound 2e)
reduced activity by ~4-fold compared to 2d. Reducing the triple
bond in 2e to a saturated ethylene (compound 2f) resulted in
slightly lower potency in MOLT-4 cells than 2e. These results
suggest that introducing ring systems, whether at the linker
terminus or in the middle, negatively impact activity.

Lenalidomide often offers advantages over thalidomide as a
CRBN-recruiting ligand due to its improved metabolic and
chemical stability, attributed to the absence of a phthalimide
carbonyl group.3637 Incorporating lenalidomide the effective C-
C linkage, we synthesize compounds 4a-4b and 5b, substituting
at the C4 or C5 positions of lenalidomide. The cellular activity of
these compounds was significantly improved, with the C5-
substituted ethylene linkage compound 5b (PZ671, Fig. 4A)
showing an 8-fold increase in potency against MOLT-4 cells
compared to XZ739.

PZ671 was selected for further evaluation. We evaluated
PZ671 in comparison to XZ739 for their cell killing effects on a
panel of SCLC cell lines (Fig. S4). The results revealed that PZ671
is more potent than XZ739 against all tested SCLC cell lines.
Western blot analysis confirmed that PZ671 induced dose-
dependent Bcl-xL degradation in MOLT-4 cells (Fig. 4B and Fig.
S5A) and had a better degradation potency against Bcl-xL than
XZ739, with a DCsg value of 0.9 nM (Fig. 4C), compared to a DCsg
Value of 5.1 nM for XZ739 (Fig. 4D-4E). This degradation was
blocked by proteasome inhibitor MG-132 (Fig. 4F and Fig. S5C),
indicating a proteasome-dependent mechanism. Furthermore,
the Bcl-xL degradation induced by PZ671 in MOLT-4 cells was
rapid, with Bcl-xL protein levels significantly reduced within 2 h
of treatment, and almost complete degradation observed 4 h
after exposure to 100 nM of PZ671 (Fig. 4G and Fig. SSD-S5E).

J. Name., 2013, 00, 1-3 | 3
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Table 1 Bcl-xL degraders designed with various alkyl substituents at salt bridge nitrogen et aman Vfﬁﬁfﬁﬂigﬂrf
BOH-40-+839+B5MBOBHSH

Cl
Cmpd R 1Cso (nM)® Ki® Cmpd R 1Cs0 (NM)? Ki®
ABT-263 202.3 0.26
Xz739 CH; 10.1 031 1le —<> 329.5 9.02
1a H 59.7 0.27 1f *—<>o 396.9 NDe

1b CH2CH3 52.8 0.38 1 /ﬂ 3258 ND*

*-

1c CH(CHs)» 59.4 ND* 1h \O 559.9 9.14
- *:

1d W 297.3 8.75 1i \O >1000 ND*

9|Cso values are the means of at least three independent experiments; MOLT-4 cells were treated for 48 h. ®Bcl-xL binding affinity; Ki values (in nM) are the
means of at least three independent experiments. °ND: not determined.

Table 2 Bcl-xL degraders designed with various linkages and substituted positions to thalidomide/lenalidomide

O o

1l o

s s xN
N

N\) g0 H |
FsC”

N

o
Cl
Substitution
X ubstitutl Cmpd L ICso (NM)2 Cmpd L ICs0 (M)
position
ABT-263 202.3 Xz739 10.1
2a o 0N, 10.4 2d =N N—s 10.6
&
c4- 2b o \/ 5.2 2e *_NQ%* 36.1
co :
2c YN 6.2 2f *—NQI 45.5
*
cs- 3a e / 14.3 3b o TN, 43
*
ca- 4a o \/ 4.1 ab o NN, 45
CH2 *
Cs5- 5a / ’ 2.1 >b A 13
o0 _F : (PZ671) ° * :

9ICso values are the means of at least three independent experiments; MOLT-4 cells were treated for 48 h.
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Fig. 4 PZ671-induced Bcl-xL degradation. (A) The structure of PZ671. (B and D)
Representative western blotting analysis of protein levels in MOLT-4 cells after
treatment with indicated concentrations of PZ671 & XZ739 for 16 h. Percentage
decrease in B-Actin levels due to toxicity was normalized to control sample. Data
representative of 3 independent experiments. (C and E) Densitometric analysis of
Bcl-xL expression in MOLT-4 cells. The data presented are mean = SD three
independent experiments. (F) Pretreatment with 1 uM MG-132 for 2 h blocked the
degradation of Bcl-xL induced by PZ671. (G) Bcl-xL levels in MOLT-4 cells treated
with 100 nM of PZ671 at the indicated time points.

We next assessed the impact of PZ671 on apoptosis. Western
blot analysis showed that PZ671 dose-dependently increased
poly (ADP-ribose) polymerase (PARP) and caspase-3 cleavage in
MOLT-4 cells (Fig. 5A and Fig. S6), suggesting the apoptotic cell-
death mechanism. Notably, we observed a significant reduction
in B-actin levels with increasing concentrations of PZ671 in this
experiment. MOLT4 T-ALL cells are highly sensitive to Bcl-xL
degradation and can rapidly undergo apoptosis upon Bcl-xL loss.
In line with our previous observation that 100 nM PZ671 nearly
completely degrades Bcl-xL within 4 h (Fig. 4G), we hypothesize
that PZ671-induced cell death at higher concentrations may
partially account for the observed B-actin decrease. However,
since this effect was not consistently observed across all cases,
additional factors influencing B-actin levels may be involved and
investigation. The apoptotic cell-death
mechanism is further supported by flow cytometry analysis of
Annexin-V and propidium iodide (Pl) staining (Fig. 5B), which
showed that PZ671-induced apoptosis was attenuated by
pretreatment of MOLT-4 cells with the pan-caspase inhibitor Q-
VD-OPh (QVD).

In human platelets, PZ671 degraded Bcl-xL at concentrations
above 1 uM (Fig. 6A and Fig. S7), whereas XZ739 showed no
degradation at the same concentrations.2> Consistent with the
degradation result, the selectivity of PZ671 for MOLT-4 cells
over platelets was reduced compared to XZ739 (25-fold vs 137-
fold) (Fig. 6B and Fig. S8). In vivo, PZ671 caused a transient ~72%
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Fig. 5 Characterization of PZ671-mediated apoptosis in MOLT-4 cells. (A) Western
blot analysis of cleaved-PARP and cleaved-caspase-3 after 16 h treatment with
indicated concentrations of PZ671. The full-PARP blot was from the stripped
membrane and re-probed with cleaved PARP, resulting in the rectangular shape.
Percentage decrease in B-Actin levels due to toxicity was normalized to control
sample. (B) Flow cytometry analysis of apoptosis using Annexin-V and Pl staining.
MOLT-4 cells were treated with PZ671 at 10 nM for 24 h. PZ671 significantly
increased the percentage of apoptotic cells and QVD (10 uM) pre-treatment for 2 h
inhibited the apoptosis induced by PZ671. Data are representative of two
independent experiments.

reduction in platelet counts after a single dose (1.5 mg/kg, i.p.)
in MOLT-4 xenograft mice, with rapid recovery observed from
the second day onward (Fig. 6C-6E). Clinically, we believe the
transient platelet reduction could be more manageable with
optimized dosing regimen. Importantly, there is clear evidence
that PZ671 treatment (1.5 mg/kg, Q4D, i.p.) markedly
suppressed the tumor growth (Fig. 6F).

Chemistry

The synthesis of PROTAC 1a is outlined in Scheme 1. Briefly,
SNAr substitution of 4-fluorothalidomide 6 with azide 7 under
microwave irradiation afforded compound 8. Palladium-
catalyzed hydrogenation of 8 resulted in compound 9. Coupling
of precursor acid 10 with sulfonamide 11 in the presence of
EDCI and DMAP afforded compound 12, which was reduced to
aldehyde by treating with DIBAL-H to give compound 13.
Aldehyde 13 was subjected to reductive amination with 9 to

J. Name., 2013, 00, 1-3 | 5
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generate the final product 1a. Compounds 7,38 10,3 and 1140
were prepared as reported.

Pomalidomide-based PROTACs 1b, 1c, and 1e-1i with various
substitutions on the salt bridge nitrogen were synthesized by
reductive amination of 1a with corresponding aldehyde (14a
and 14b) or ketone (15a-15e) (Scheme 2). Compound 1d was
produced through nucleophilic substitution of 1a with
bromocyclopropane 16.

The syntheses PROTACs 2a-2d, 3a, 3b, 4a, 4b, 5a, and 5b are
outlined in Schemes 3-6. Tosylate PEG linker precursor 20 was
synthesized as previously reported.*! It was then reacted with
4-OH-thalidomide 21 in the presence of NaHCO3 and Kl at 80 °C
to yield compound 22. Removal of the Boc group of 22, followed
by reductive amination with aldehyde 13, yielded final product
2a (Scheme 3). Terminal alkyne linker precursor 25 was
prepared by tosylating of the OH group of starting material 23,
followed by treating with a methylamine ethanol solution (33
wt.%), and Boc protection. Sonogashira coupling of 25 with 4-
or 5-bromo substituted thalidomide/lenalidomide derivatives
26a-26d afforded intermediates 27a-27d, which were
subsequently reduced to the corresponding saturated C-C
linkage compounds 28a-28d under palladium-catalyzed
hydrogenation. Final products 2b, 2c, 3a, 3b, 4a, 4b, 5a, and 5b
(Pz671) were synthesized via reductive amination of the

| Chremistry. Page 6 of 13

The synthesis of compounds 2d is shown in Scheme.5oKey
intermediate 32 was obtained via SNAr SGbSHHYERR DF 0O With
Boc-protected piperazine 30, followed by Boc deprotection and
reductive amination with compound 29. Compound 29 was
produced by treating 19a with Dess-Martin periodinane.
Subsequent Boc deprotection of 32 and reductive amination
with aldehyde 13 gave final product 2d. Compounds 2e was
prepared via Sonogashira coupling of 26a with 33, followed by
Boc deprotection group and reductive amination with 29 to
afford compound 35, then a second round of de-Boc and
reductive amination with aldehyde 13. Similarly, compound 2f
was synthesized from the triple bond-saturated intermediate
36 (Scheme 6).

Conclusions

In this study, based on the lead compound XZ739, we
systematically investigated the effects of substituent size on the
salt-bridge nitrogen, a crucial interaction for high Bcl-xL binding,
and explored alternative CRBN-recruiting moieties connected
via various linkages. We identified PZ671, which utilizes
lenalidomide as the CRBN-recruiting moiety with an ethylene
linkage at the C5-position of the benzene ring of lenalidomide.
PZ671 exhibited ~10-fold higher potency against MOLT-4 cells

corresponding de-Boc intermediates with aldehyde 13 (Scheme 559 ~g-fold enhanced degradation efficacy target Bcl-xL
4).
A B
Platelets+ PZ671 (nM) _ Platelets 48 h MOLT-4 48 h ICso ratio
P | P {ICs0, NM) (ICs0, nM) (Platelets/MOLT-4)
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30kDa WD WS SR S pcl-xl 2739 112552 101432 112
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Fig. 6 (A) Western blot showing the Bcl-xL levels in human platelets treated with the indicated concentration of PZ671 for 48 h. (B) A comparison of cellular activity
of selected compounds in human platelets and MOLT-4 cells. (C) lllustration of the experiment design of MOLT-4 T-ALL cancer xenograft model. (D) Blood platelet

(PLT) counts in mice were measured 1 day after receiving the first dose of vehicle (Vi

eh) or PZ671. The data presented are mean % SD (n = 3 mice per group). (E)

Changes in blood platelet (PLT) counts in mice were measured during one cycle after administration of vehicle (control) and PZ671. The data presented are mean *
SD (n = 3 mice per group). (F) Changes in tumor volume over time after the start of treatment.
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compared to XZ739, although its selectivity for MOLT-4 cells
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RSC Medicinal Chemistry

over platelets decreased ~5-fold (112-fold vs. 25-fold). Despite
this trade-off, the enhanced cellular activity may translate into
a broader anticancer spectrum. In vivo studies revealed that,
unlike the mild but sustained platelet toxicity caused by VHL-
recruiting Bcl-xL/Bcl-2 degrader 753b, the platelet toxicity of
CRBN-recruiting degrader PZ671 was more prominent but
transient, effect on the first day post-
administration followed by rapid recovery. This transient
toxicity profile may be more manageable clinically with
appropriately optimized dosing regimens. Further efforts will
focus on conjugating novel CRBN-recruiting ligands and
exploring alternative linker attachment positions, such as
utilizing the P2 pocket of ABT-263, which has proven effective
in modifying VHL-recruiting Bcl-xL/Bcl-2 degraders to enhance
cellular activity and degradation.

with maximal

Experimental section

Chemistry

The synthetic procedures along with the characterization data
of all compounds are reported in ESI.T

Biological assays

AlphaScreen binary binding assay

Assays were performed at room temperature. All reagents were
diluted in a buffer containing 25 mM HEPES, pH 7.5, 100 mM
NaCl, 0.1% BSA, and 0.015% tween 80. To a 96-well PCR plate
(Thermo Scientific, Cat. No. AB-1400) were added His-tagged
Bcl-xL protein (10 pL, 4 nM, Cat. No. SRP0187, Sigma-Aldrich),
testing compound (10 pL, 3-fold serial dilution) and biotin-
tagged BAD (10 pL, 10 nM, biotin-
LWAAQRYGRELRRMSDEFEGSFKGL amino-terminal, AnaSpec).
The mixed solution was incubated at room temperature for 1 h,
anti-6xHis acceptor beads (5 uL, 160 pug/mL, PerkinElmer, Cat.
No. AL128M) were added to each well under subdued light,
then incubated for an additional 20 min in the dark.
Streptavidin-donor beads (5 uL, 160 pg/mL, Cat. No. 6760002,
PerkinElmer) were added to each well under subdued light,
then incubated for an additional 30 min in the dark. The
resulting solution in each well was transferred to two adjacent
wells (17 pL each) of 384-well white OptiPlate (PerkinElmer, Cat.
No. 6008280). The 384-well plate was scanned on a Biotek’s
Synergy Neo2 multi-mode plate reader installed with an
AphaScreen filter cube. The Ki values of each compounds were
calculated by using “Binding-competitive, One site-Fit Ki”
function in GraphPad Prism 10 based on concentrations of
Biotin-peptide used and experimentally determined Kd values
of each 6xHis protein and Biotin-Peptide pair.

Cell lines and culture

MOLT-4 T-ALL (Cat# CRL-1582) cell line was purchased from
American Type Culture Collection (ATCC, Manassas, VA). MOLT-
4 cells were cultured in RPMI 1640 media (Life Technologies,
Carlsbad, CA, USA) supplemented with 10% FBS (Atlanta
Biologicals, Flowery Branch, GA, USA) and 1% penicillin-

10 | J. Name., 2012, 00, 1-3

streptomycin solution (Thermo Fisher Scientific, Waltham, IMA,
USA). The SCLC cell lines, except H146, werd ébtaidebfontie
NCI-Navy Medical Oncology source supply as stated in our
previous publication.*2 H146 cells were obtained from the
ATCC. The cell lines were cultured as reported previously.*2 The
stocks of the cell lines were STR profiled by the NIH or ATCC. All
cultures were tested for mycoplasma negativity using the
MycoAlert Mycoplasma Detection Kit (Cat. No. LT07-318,
Lonza, Basel, Switzerland). The cell lines were maintained in a
humidified incubator at 37 °C and 5% CO..

Cell viability assay

Cell viability was measured by tetrazolium-based MTS assay
(Promega, Madison, WI, USA). 5 x 10*to 1 x 10° suspension cells
were seeded and treated in 96-well plates for 48 h or 72 h. The
ICso values of individual agents were calculated with GraphPad
Prism 7 software (GraphPad Software, La Jolla, CA, USA).

Immunoblotting

Cells were collected and lysed in Lysis buffer (Boston Bio
Products, Ashland, MA, USA) supplied with protease and
phosphatase inhibitor cocktails (Sigma-Aldrich, St. Louis, MO,
USA). The equal amount of protein lysates was separated on
pre-casted 4-20% Tris-glycine gels (Bio-Rad, Hercules, CA, USA).
Thereafter, the proteins were transferred to PVDF membranes
(MilliporeSigma, Billerica, MA, USA). The membranes were
blocked with 5% w/v non-fat dry milk in TBS + Tween-20 (0.1%
v/v), and then probed with primary antibodies for overnight at
4 °C. Next day, the membranes were washed and incubated
with appropriate HRP-conjugated secondary antibodies. The
signal was detected using ECL substrate (MilliporeSigma) and
captured on X-ray films or ChemiDoc MP Imaging System
(BioRad). The band intensities were calculated on Imagel
software and normalized to equal loading control B-actin.

Human platelet isolation and viability assays

Platelet rich plasma (PRP) was purchased from Life South
Community Blood Center (Gainesville, FL, USA). PRP was
transferred into a 50 mL tube containing 5 mL acid citrate buffer
(Cat. No. sc-214744, Santa Cruz Biotechnology). To prevent
clotting, prostaglandin E1 (PGE1, Cat. No. sc-201223A, Santa
Cruz Biotechnology) and apyrase (Cat. No. A6237, Sigma-
Aldrich) were added to final concentrations of 1 uM and 0.2
units/mL, respectively. After gently mixing the solution,
platelets were pelleted by centrifugation at 1200 g for 10 min
without break. Pelleted platelets were gently washed without
disrupting platelets in 2 mL HEPES Tyrode’s buffer (Cat. No. PY-
921WB, Boston BioProducts, Ashland, MA, USA) containing 1
UM PGE1 and 0.2 units/mL apyrase. After washing, pellets were
slowly suspended in 10 mL HEPES Tyrode’s buffer containing 1
UM PGE1 and 0.2 units/mL apyrase. Then platelets number was
counted using a HEMAVET 950FS hematology analyzer (Drew
Scientific, Inc., Oxford, CT, USA). For viability assays, platelet
number was adjusted to 2 x 108 /mL in HEPES Tyrode’s buffer
containing 1 uM PGE1 and 0.2 units/mL apyrase. Each
treatment was given in 2 mL platelet suspension in 15 mL
polypropylene tubes. The tubes were placed on rotating
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platform at room temperature and the viability of platelets was
measured after 24 h treatment by using the MTS reagent (Cat.
No. G1111, Promega, Madison, WI, USA). The data were
analyzed by GraphPad Prism 7 software for the calculation of
ICs0 values.

Flow cytometry

MOLT-4 cells were seeded in 12 well plates at a density of 4 x
10° cells per well and pretreated with or without Q-VD-OPh
(QVD, Cat. No. S7311, Selleckchem, Houston, TX, USA) for 4 h.
After pretreatment, cells were treated with PZ671 (10 nM) for
48 h. Caspase activity was blocked using QVD pretreatment for
2 h. After treatment, cells were stained with Alexa Fluor 647-
Annexin V (1: 50, Cat. No. 640912, BioLegend, San Diego, CA,
USA) and PI (10 pug/mL, Cat. No. 421301, BioLegend, San Diego,
CA, USA) at room temperature for 30 min. For apoptosis
analysis, the stained cells were analyzed on an Aurora flow
cytometer (Cytek Aurora, Fremont, CA, USA).

MOLT-4 T-ALL xenograft mouse model

To test the effect of PZ671 on tumor growth in MOLT-4 T-ALL
xenografts, MOLT-4 T-ALL cells were collected and suspended
in regular RPMI medium and mixed with Matrigel (1:1) (cat. no.
356231, Corning). The cells (5 x 10°¢ cells) suspended in 100 pL
of RPMI medium—Matrigel mixture were subcutaneously (s.c.)
implanted in the right flank of 5-week-old CB-17 SCID mice
purchased from the Charles River Laboratories (Wilmington,
MA, USA). Tumor growth was monitored daily, and tumors were
measured twice per week using Vernier caliper or digital
calipers. Tumor volume was determined using the formula ((L x
W?) x 0.5), where L is length in mm and W is the width in mm.
The treatment started once the average tumor volume reached
~150 mm?3. The animals were randomly assigned into separate
groups (n = 6 animals per group) such that each group had
nearly equal starting average tumor volume and started
undergoing treatment with vehicle (i.p., 100 pL/injection) and
Pz671 (1.5 mg/kg, every four days, i.p., 100 pL/injection). PZ671
fori.p. administration was formulated in 50% phosal 50 PG, 45%
miglyol 810 N and 5% polysorbate 80.

In vivo platelet toxicity assays

Female 5-6 weeks old CB-17 SCID-beige mice were treated with
i.p. doses of PZ671 (1.5 mg/kg body weight).
Approximately 50 pL blood was collected every day for 4 days
via submandibular plexus route in EDTA tubes (RAM Scientific),
and platelets were enumerated using an automated
hematology analyzer HEMAVET 950FS (Drew Scientific Inc.,
Miami Lakes, FL, USA).
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