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Mammalian cells replicate ~ 3 x 10° base pairs per cell cycle. One of the
key molecules that slows down the cell cycle and prevents excessive DNA
damage upon DNA replication stress is the checkpoint kinase ataxia-
telangiectasia-and-RAD3-related (ATR). Proteolysis-targeting-chimeras
(PROTACG:S) are an innovative pharmacological invention to molecularly
dissect, biologically understand, and therapeutically assess catalytic and
non-catalytic functions of enzymes. This work defines the first-in-class ATR
PROTAC, Abdl10/Ramotac-1. It is derived from the ATR inhibitor VE-
821 and recruits the E3 ubiquitin-ligase component cereblon to ATR.
Abd110 eliminates ATR rapidly in human leukemic cells. This mechanism
provokes DNA replication catastrophe and augments anti-leukemic effects
of the clinically used ribonucleotide reductase-2 inhibitor hydroxyurea.
Moreover, Abd110 is more effective than VE-821 against human primary
leukemic cells but spares normal primary immune cells. CRISPR-Cas9
screens show that ATR is a dependency factor in 116 myeloid and lymphoid
leukemia cells. Treatment of wild-type but not of cereblon knockout cells
with Abd110 stalls their proliferation which verifies that ATR elimination is
the primary mechanism of Abdl110. Altogether, our findings demonstrate
specific anti-leukemic effects of an ATR PROTAC.

Abbreviations

Abd110, ATR PROTAC Ramotac-1; AML, acute myeloid leukemia; ATM, ataxia telangiectasia-mutated; ATR, ataxia-telangiectasia-and-
RAD3-related; B-/T-ALL, B-/T-cell acute lymphocytic leukemia; CD, cluster of differentiation; CHK1, checkpoint kinase-1; CHK2, checkpoint
kinase-2; cl., cleaved; CRBN, cereblon; DNA-PKcs, DNA-dependent protein kinase catalytic subunit; DSBs, double-stranded DNA breaks;
yH2AX, H2AX phosphorylated at S139; kDa, kilo Dalton; MPN, myeloproliferative neoplasm; p-, phosphorylated; PBMCs, peripheral blood
mononuclear cells; PROTAC, proteolysis-targeting-chimera; sgRNA, small guide RNA.

Molecular Oncology (2024) © 2024 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies. 1
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-5985-9261
https://orcid.org/0000-0002-5985-9261
https://orcid.org/0000-0002-5985-9261
https://orcid.org/0000-0003-3973-045X
https://orcid.org/0000-0003-3973-045X
https://orcid.org/0000-0003-3973-045X
mailto:wolfgang.sippl@pharmazie.uni-halle.de
mailto:okraemer@uni-mainz.de
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2F1878-0261.13638&domain=pdf&date_stamp=2024-03-22

Characterization of the first-in-class ATR PROTAC

1. Introduction

Chemotherapeutics kill tumor cells through the induction
of DNA replication stress and DNA damage. The check-
point kinases ataxia telangiectasia-mutated (ATM),
checkpoint kinase-2 (CHK2), and DNA-dependent pro-
tein kinase catalytic subunit (DNA-PKcs) are activated in
cells with double-stranded DNA breaks (DSBs). Stalled
DNA replication forks and single-stranded DNA breaks
primarily activate the checkpoint kinases ATM-and-
RAD3-related (ATR) and checkpoint kinase-1 (CHK1).
Induced checkpoint kinases orchestrate cell cycle progres-
sion, DNA replication origin firing, DNA repair ensuring
genome integrity, and cell fate [1-3].

Cancer cells often have high endogenous levels of
DNA replication stress and consequently rely on check-
point kinases [1-3]. This notion has propelled an intense
search for their pharmacological inhibitors. Preclinical
and clinical studies demonstrate that ATP-competitive
ATR inhibitors kill subsets of tumor cells [4,3].
Proteolysis-targeting-chimeras (PROTACs) are novel,
highly promising heterobifunctional molecules [2,6]. They
contain a ligand for the protein of interest, a ligand bind-
ing an E3 ubiquitin-ligase, and a linker connecting these
ligands. PROTAC s direct the ubiquitination machinery
to their targets. Consequently, these become polyubiquiti-
nated and degraded by proteasomes. Advantages of
PROTAC:s over corresponding small molecule inhibitors
include depletion of their targets and often enhanced
potency and selectivity. Eighteen protein degraders are in
phase I-I11 clinical trials for cancer treatment [7]. Here we
characterize Abdl10/Ramotac-1 as first-in-class PRO-
TAC for ATR.

2. Materials and methods

2.1. PROTACs and control compounds

All new agents and their underlying building blocks
were synthesized by the group of Prof. Wolfgang
Sippl, Halle, Germany.

2.2. Cell culture and primary cells

Cells were cultured at 37 °C and 5% CO, in RPMI
(Thermo Fisher, Gibco, Braunschweig, Germany) supple-
mented with 5% FCS (Sigma-Aldrich, Munich, Ger-
many) and 1% Penicillin/Streptomycin (Thermo Fisher).
Primary cells were cultivated in IMDM (Thermo Fisher)
supplemented with 20% FCS, 1% penicillin/streptomy-
cin, IXMEM non-essential amino acids (Euroclone, Pero,
Italy) and 10 ngmL™' Interleukin-3. Prof. Dr. F.-D.
Bohmer and Prof. Dr. T. Heinzel, Jena, Germany gave us
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leukemic cells (originally from the DSMZ, authenticated
by DNA fingerprint profiling using eight different and
highly polymorphic short tandems repeats, at the
Leibniz-Institute DSMZ, Braunschweig, Germany).
These were MOLT 4 (RRID:CVCL_0064), RS4-11
(CVCL_0093), MV4-11 (RRID:CVCL_0064), MOLM-
13 (RRID:CVCL_2119), HL-60 (RRID:CVCL_0002),
and SET-2 (RRID:CVCL_2187). Prof. Dr. G. Winter,
Vienna, Austria gave us verified MOLT-4 cells wild-type
and cereblon (CRBN) null cells. MOLT-4 CRBN—/—
were generated by CRISPR-Cas9 [8]. All cell lines were
regularly tested negative for mycoplasma using an enzy-
matic assay kit. The Blood transfusion unit of the Univer-
sity Medical Center Mainz provided us buffy coats for the
isolation of peripheral blood mononuclear cells (PBMCs).
PBMCs were isolated from buffy coats of four healthy
donors (tested negative for common infections) using Bio-
coll (Bio&Sell, Feucht, Nuremburg, Germany). Control
cells and treated cells were incubated with antibodies to
discriminate lineage markers by flow cytometry. The cells
were defined with antibodies for lineage-specific cell sur-
face markers: CD3 CD19" as B cells; CD3" as T cells,
CD3 CDI19 CDI4" as monocytes; CD3 CD19 CDIc*
as dendritic cells; CD3"CD19 CD56" as natural killer
(NK) cells; and CD3 CDI14 CD19 CD56 CD11b" as
PMNs. Cell viability was evaluated using annexin-V
AF647 (#A23204; early apoptosis marker) and FVD
eF1780 (#65-0865-18; late apoptosis marker; both from
ThermoFisher). The following antibodies were used:
CDl11b BV510 (#101263), CD1c BV605 (#331538), CD3
BV711 (#344838) from BioLegend, San Diego, CA, USA;
CD14 PE-eFl610 (#61-0149-42), CD56 Pe-Cy7 (#25-
0567-42), CD19 AF488 (#53-0199-42) from Thermo-
Fisher. The graphs were created with GRAPHPAD PRISM 6.0
(Graphpad software inc., La Jolla, CA, USA). Experi-
ments with patient samples have ethic approval by the
Landesarztekammer Rhineland-Palatine no.: 837.258.17
(11092).

2.3. Flow cytometry

Flow cytometry was performed as recently noted by us
[9-11]. Annexin-V (indicator of early apoptosis;
#130-093-060) was from Miltenyi Biotec, Bergisch
Gladbach, Germany, and propidium iodide (PI; late
apoptosis indicator) was from Sigma-Aldrich.

2.4. Immunoblotting and immunofluorescence

Details on immunoblotting were summarized by us [9—
11]. The following antibodies were used: ATR (2790S),

2 Molecular Oncology (2024) © 2024 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.

85UB017 SUOLILIOD BAITeRID 8 |edl|dde au Aq peusenob ale el VO ‘8sn J0 Se|n Joy AkeqiauluQ 481N UO (SUOTIPUOD-pUe-SWIR)W0Y" A8 1M Afelq 1 BUI|UO//:SANY) SUONIPUOD PUe SWe | 8U188S *[202Z/90/7T] Lo Akeiqiauliuo 481 ‘8E9ET TIZ0-8.8T/Z00T OT/I0P/L0D A |1 Ale.q 1 puluo'sge)//Sdny wolj pepeojumod ‘0 ‘19208/8T



A. G. Kansy et al.

CHKI1 (2360), cleaved caspase-3 (9661), CRBN (71810),
PARP1 (9542) and p-CHKl(s345) from Cell Signaling,
Leiden, Netherlands; ATM (ab32420), DNA-PKcs
(ab32566) and p-ATM(ti1981y (ab81292) from Abcam,
Cambridge, UK; GSPT1 (sc-515 615), HSP90 (sc-
13 119) and vinculin (sc-73 614) from Santa Cruz, Hei-
delberg, Germany; p-ATR(t939) (GTX128145) from
GeneTex, Irvine, MA, USA; yH2AXs139) (MAB3802)
from Millipore, Schwalbach, Germany. The protein lad-
ders were the prestained Scientific™ PageRuler™
(#26616) and the prestained Scientific™ PageRuler™
Plus (#26619) from Thermo Fisher.

2.5. DepMap database analysis

The DepMap project (collaborative effort of Broad
Institute and Wellcome Sanger Institute) has analyzed
large-scale datasets to define a landscape of genetic
targets for therapeutic development. ATR was elimi-
nated by CRISPR-Cas9, and 14 days later pooled cells
were examined for sgRNA expression. 0 means no
impact, negative values indicate dependency
(https://forum.depmap.org/t/depmap-genetic-
dependencies-faq/131).

3. Results and Discussion

3.1. Abd110 induces proteasomal degradation of
ATR through CRBN

We set out to identify a degrader of ATR, which is a
protein with a long half-life of about 24 h [1-3]. We
have recently described the chemical synthesis, in vitro
activity, and stability of Abd110 (named 42i in [12])
which is based on the ATR inhibitor VE-821 and lena-
lidomide. Lenalidomide recruits the E3 ubiquitin-ligase
component CRBN to its binding partners (Fig. 1A).
To characterize the biological effects of Abd110 across
various cellular systems, we incubated cells from acute
lymphocytic leukemia (ALL), acute myeloid leukemia
(AML), and essential thrombocytopenia (myeloprolif-
erative neoplasm, MPN) patients with 1 um Abd110
for 24 h. Immunoblot analyses revealed that
Abd110 reduced ATR by 70-90% (Fig. 1B).

Time course analyses showed that a 4-h incubation
with 1 um Abd110 sufficed to reduce ATR significantly
to 30% of its levels in untreated cells (Fig. 1C). A con-
centration of 0.5 pm Abd110 eliminated 90% of ATR
after 24 h (Fig. 1D).

To exclude effects of Abd110 on ATR-related kinases,
we probed immunoblots for ATM and CHKI1. Abd110
decreased ATR without altering the structurally related
ATM and CHKI1 (Fig. 1D). PROTACs can target
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physiologically relevant neosubstrates but Abd110 con-
tains a modified lenalidomide scaffold that should reduce
such off-target effects [13]. Indeed, Abdl10 did not
decrease the pro-proliferative CRBN neosubstrate G1-
to-S-phase-transition-protein- 1 (GSPT1/eRF3a/b)
(Fig. 1E). These data illustrate specificity of Abd110.

The pharmacology of PROTACs relies on induced
proteasomal degradation [7]. To examine if Abd110 trig-
gers proteasomal degradation of ATR, we used MG132.
This well-established proteasome inhibitor halted the
Abd110-induced loss of ATR significantly (Fig. 1E), ver-
ifying the proteasomal degradation mechanism.

To examine the functional role of CRBN for the
Abdl10-induced ATR degradation, we designed
Abd140 (named 42 m in [12]). This Abd110 analogue
cannot bind CRBN due to a methylated glutarimide
(Fig. 1F) and hence represents a suitable negative con-
trol. Abd140 did not attenuate ATR (Fig. 1G), which
confirms that Abdl10 is a CRBN-dependent ATR
degrader.

3.2. Abd110 augments DNA replication stress
and DNA damage

Next, we investigated if Abdl110 augmented
chemotherapy-induced DNA damage. Hydroxyurea is
clinically used to reduce excessive blast counts in leukemic
patients. This ribonucleotide reductase-2 inhibitor depletes
cellular ANTP pools, stalls DNA replication forks, and
causes the accumulation of single-stranded DNA that is
protected by replication-protein-A [14]. Such structures
activate ATR to prevent their breakdown into DSBs
being the most cytotoxic DNA lesion [3,4]. We asked
if Abd110 triggered replication catastrophe (conversion
of stalled DNA replication forks into DSBs) [14].
Phosphorylation at TI989 activates ATR [1,2].
Abd110 eliminated ATR and hydroxyurea-induced
pT1989-ATR up to 90% in MOLT-4 T-ALL cells.
ATM, CHKI1, and DNA-PKcs were unaffected.
Hydroxyurea induces an ATR-catalyzed phosphoryla-
tion of CHK1 at S345 [9]. Consistent with degradation
of ATR, Abd110 suppressed this phosphorylation of
CHKI1 (Fig. 2A). We further noted that Abd110 plus
hydroxyurea induced pS1981-ATM more strongly than
the single treatments (Fig. 2A). This accumulation of
pS1981-ATM corresponds to the accumulation of
DSBs upon replication catastrophe [2,4].

To extend these investigations, we studied MOLT-4
cells by immunofluorescence for yH2AX foci indicat-
ing sites of DNA damage [14]. We limited incubation
times with hydroxyurea to 4 h to avoid false-positive
results due to cell death-associated DNA fragmenta-
tion [15]. Abd110 and hydroxyurea induced yH2AX
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Fig. 1. Abd110 depletes ATR in leukemic cells. (A) Chemical structure of Abd 110, composed of lenalidomide (left, CRBN ligand), a linker,
and the ATR-binding ligand (VE-821, right). (B) The indicated cell types were treated with 1 pm Abd110 for 24 h. Immunoblots were carried
out for the indicated proteins; HSP90 as loading control (n = 2). The Odyssey system was used to quantify the band intensities, ATR signals
were normalized to the loading control, untreated cells set as 1 in all figures. (C) Cells were treated with 1 um Abd110 for 0, 4, 6, and 8 h.
Immunoblot (left) was carried out with HSP90 as loading control. Bar chart (right) shows ATR levels after treatment, ****P < 0.0001;
Bonferroni's multiple comparison test; created with GrapHPAD PRISM 6.0 (n=4). (D) Cells were treated with 0.5-1 pm Abd110 for 24 h.
Immunoblot was done for vinculin and HSP90 as loading controls (n = 2). (E) Cells were incubated with 0.5 pm Abd110 and 0.5 pm MG132
for 4 h. Immunoblot (left) was carried out as indicated, vinculin and HSP90 are loading controls. Bar chart (right) shows ATR levels;
*P < 0.1, Bonferroni's multiple comparison test; created with GrapHPAD PRISM 6.0 (n = 3). (F) Chemical structure of Abd140 which
corresponds to Abd110; the methyl group (green circle) prevents binding to CRBN. (G) Cells were treated with 1 pv Abd110 or Abd140 for
24 h. Immunoblots (left) were carried out as indicated;, HSP90 as loading control. Bar chart (right) shows ATR levels; **P < 0.01;

Bonferroni's multiple comparison test; created with GRAPHPAD PRISM 6.0 (n = 4).

foci, and Abd110 plus hydroxyurea further increased
yH2AX signal intensities significantly. This was associ-
ated with nuclear fragmentation (Fig. 2B). These data
disclose that pharmacological elimination of ATR pro-
vokes replication catastrophe.

To substantiate that Abd110 causes replication catas-
trophe through eliminating ATR, we used MOLT-4 and
corresponding CRBN-deficient MOLT-4“RBN ce[s [8].
We treated them with hydroxyurea and Abd110. Immu-
noblot analyses demonstrated that Abd110 increased
yH2AX levels only in CRBN-proficient cells. Likewise,
Abd110 augmented hydroxyurea-induced accumulation
of yH2AX in MOLT-4 cells but not in MOLT-4ACRBN
cells. Hydroxyurea and Abd110 did not alter the expres-
sion of CRBN. To obtain genetic evidence for the
CRBN-dependent degradation of ATR by Abd110, we
again used MOLT-4 and MOLT-42CRBN cells. Abd110
decreased ATR in untreated and hydroxyurea-treated
MOLT-4 but not in MOLT-42“RBN ¢ells (Fig. 2C). This
finding verifies the on-target activity of Abd110 and cor-
roborates data shown in Fig. 1G.

3.3. Abd110 eliminates leukemic cells by
apoptosis

Checkpoint kinase inhibition upon DNA replication
stress can cause synergistic anti-tumor effects [1,2]. We
incubated MOLT-4, MOLT-4*“R®N T-ALL, MV4-11
AML, RS4-11 B-ALL, and MOLM-13 AML cells with
1 um Abd110 plus 1 mm hydroxyurea; such doses of
hydroxyurea are achievable in patients [6]. We tested for
apoptosis (programmed cell death) using flow cytome-
try. Abd110 did not compromise cell vitality after 24 h
(Fig. 2D). Thus, the reduction of ATR by Abd110 is not
a consequence of cell killing. Hydroxyurea induced 28—
43% apoptosis. Abd110 plus hydroxyurea synergisti-
cally augmented hydroxyurea-induced apoptosis from
61 to 87% in MV4-11, RS4-11, MOLM-13, and
MOLT-4 cells (Fig. 2D). Although hydroxyurea
induced up to 36% apoptosis in MOLT-42“REN ce]ls,

Abd110 did not augment this cytotoxic effect (Fig. 2D).
Hence, Abd110 acts solely and specifically as CRBN-
dependent ATR degrader. Limited proteolysis of
caspase-3 generates the ultimate apoptosis executioner
active caspase-3 [6]. Coherent with Fig. 2D, immuno-
blotting confirmed that hydroxyurea activated caspase-3
in MOLT-4 and MOLT-4*“®®N cells, and that Abd110
specifically increased this process in MOLT-4 cells
(Fig. 2E).

We asked if Abd110 is effective against primary cells
from a 39-year-old female with first chronic phase ¢
(9,22 )-positive chronic myeloid leukemia (CML). The
patient was diagnosed with CML carrying the BCR-
ABL transcript b2a2 and was treated with hydroxyurea
for cytoreduction. Flow cytometry showed that
Abd110 induced apoptosis in CD34" patient cells ex
vivo up to 55% after 24-48 h (Fig. 2F). Repeated
addition of hydroxyurea was not necessary to achieve
this effect. We compared the pro-apoptotic efficacies
of Abdl110 versus its parent compound in these pri-
maries. We found ICs, values of 17.3 + 5.04 nm for
Abdl110 and 90.14 + 4.11 nm for VE-821, suggesting
that the ATR PROTAC is 5.2-fold more effective
(Fig. 2G). These data illustrate that a sequential treat-
ment with hydroxyurea and Abd110 eliminates pri-
mary leukemic cells.

To assess effects of Abd110 on primary normal
immune cells, we used PBMCs. Hydroxyur-
ea £ Abd110 did not kill such cells (Fig. 2H). We vali-
dated this observation in dendritic cells, B cells,
monocytes, T cells, and natural killer cells that we sep-
arated with lineage-specific antibodies (Fig. 2H). These
data correspond to the finding that high levels of
DNA replication stress occur in leukemic but not in
normal cells [1-3].

The Abd110-induced depletion of ATR and the sub-
sequent accumulation of DNA lesions, indicated by
yH2AX and pS1981-ATM, did not kill leukemic cells
after 2448 h (Fig. 2B-E). Flow cytometry showed
that Abd110 increased the numbers of cells in Gl
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Fig. 2. Abd110 enhances DNA injury and cell death upon hydroxyurea-induced DNA replication stress. (A) Cells were treated with 0.5 pum
Abd110 for 24 h, 1 mm hydroxyurea (HU) was added for the last 4 h. Immunoblots were done as indicated; vinculin and HSP90 as loading
controls (n = 3). The Odyssey system was used to quantify band intensities, ATR signals were normalized to the loading control, untreated
cells set as 1 in all figs. (B) Cells were treated as mentioned in A. Immunofluorescence staining (left) was carried for S139-phosphorylated
H2AX (yH2AX(s139), TO-PRO-3 for nuclear staining; scale bar 20 um. Bar chart (right) shows quantification of yH2AX foci as dot blot;
#xP < 0,01, ****P < 0.0001; Bonferroni's multiple comparison test; created with GrRaPHPAD PRISM 6.0 (n = 3). (C) MOLT-4 and MOLT-44CRBN
cells were treated with 0.5 pm Abd110 for 24 h and 1 mm HU for 4 h. Immunoblots were done as indicated with HSP90 as loading control
(n=23). (D) The indicated cells were treated with 1 pm Abd110 and 1 mm HU for 24 h. Cells were stained with annexin-V/PI; **P < 0.01;
**%P < 0.001; ***+*P < 0.0001, Bonferroni's multiple comparison test, early plus late apoptosis; created with GrAPHPAD PRISM 6.0 (n = 3). (E)
Cells were incubated as mentioned in D. Immunoblots show caspase-3 and HSP90 as loading control. The bands revealed with the cleaved
caspase-3 antibody are active caspase-3 lacking its autoinhibitory domain (cl., cleaved; n = 2). (F) Primaries were treated with 0.5 pum
Abd110 for 24-48 h. Cells were stained with annexin-V/PI; ***P < 0.001; ****P < 0.0001, Bonferroni’'s multiple comparison test, early plus
late apoptosis; created with GrRaPHPAD PRISM (n = 3). (G) Primaries were treated with 1, 10, 100, 1000, and 10 000 nm Abd110 or VE-821 for
24 h and stained with annexin-V/PI. Cell viability was plotted against logarithmic drug concentrations to determine ICgq values, created with
GRAPHPAD PRISM 6.0 (n = 2). (H) PBMCs were treated with 0.5 pm Abd110 and 1 mm HU for 24 h and subjected to flow cytometry assessing
apoptosis (n = 4; mean + SD). Control cells and Abd110 + hydroxyurea-treated cells were incubated with antibodies specific for lineage
markers and subjected to flow cytometry (details on antibodies are provided in the supplementary file). (I) Growth of MOLT-4 and MOLT-
4ACRBN (colls after treatment with 0.5 v Abd110 for 24-120 h; 10° cells-mL~" were seeded at 0 h; created with GraPHPAD PRISM 6.0 (n = 3;
mean + SD). Image of the cells was taken after treatment with 0.5 pm Abd110 for 144 h (right). (J) Data retrieved from the DepMap
project illustrate that 116 myeloid and lymphoid cancer cell lines rely on ATR. The dependency cutoff is at —1 (red line). Dependency scores
below 0 indicate that cells rely on the analyzed factor. The more negative a score is for a gene, the more essential it is in a given cell line.
Common essential genes have dependency scores of —1 and less (i.e., 100% counterselection against the cells with the knockdown,
growth arrest, or killing; https://forum.depmap.org/t/depmap-genetic-dependencies-fag/131).

phase (Fig. S1). Such slower cell cycle progression can
prolong the time for DNA repair antagonizing cell
death induction [2]. This can explain why Abdl10
causes replication stress but not apoptosis. Nonethe-
less, Abd110 stalled the proliferation of MOLT-4 but
not MOLT-42CRBN cells when given for prolonged
times (Fig. 2I). This notion corresponds to data from
the Cancer-Dependency-Map project that identify
ATR as essential gene in 116 cells from human leuke-
mia (Fig. 2J).

Taken together, we define the mode of action of
Ramotac-1, the first reported ATR degrader, and show
that it promotes cytotoxic effects of DNA replication
stress in cell lines and primary leukemic cells. Abd110 is
based on VE-821 and recruits CRBN via the lenalido-
mide part (Fig. 1A). The notion that Abd110 does not
increase lethal effects of hydroxyurea in MOLT-44“RBN
cells suggests that anti-tumoral, DNA-damaging effects
of Abdl110 rely on ATR degradation. This implies that
Abdl110 is a pure ATR degrader that lacks ATR kinase
inhibitor activity. These data correspond to a weak
binding of Abd110 to ATR [12] which is though suffi-
cient to evoke its degradation in cells.

4. Conclusion

As prerequisite for life and the maintenance of homeo-
stasis, DNA replication must be tightly controlled.
The serine/threonine kinase ATR slows down the cell
cycle and initiates DNA repair when DNA replication

is disturbed, and genomic integrity becomes endan-
gered. We reveal that the targeted pharmacological
elimination of ATR provokes the still incompletely
understood process of DNA replication catastrophe
and that this eliminates leukemic cells. A PROTAC
that specifically eliminates the pivotal cell fate regula-
tor ATR allows new avenues of research that address
how inhibition versus elimination of ATR affect cell
fate upon DNA replication stress.
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Fig. S1. Analysis of the cell cycle phases of RS4-11
cells after treatment with 1 pm Abd110 for 24, 48,
72 h.
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