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Chromosomal translocation occurs in some cancer cells, which results in the

expression of aberrant oncogenic fusion proteins that include BCR-ABL in chronic

myelogenous leukemia (CML). Inhibitors of ABL tyrosine kinase, such as imatinib

and dasatinib, exhibit remarkable therapeutic effects, although emergence of

drug resistance hampers the therapy during long-term treatment. An alternative

approach to treat CML is to downregulate the BCR-ABL protein. We have devised

a protein knockdown system by hybrid molecules named Specific and Non-

genetic inhibitor of apoptosis protein [IAP]-dependent Protein Erasers (SNIPER),

which is designed to induce IAP-mediated ubiquitylation and proteasomal degra-

dation of target proteins, and a couple of SNIPER(ABL) against BCR-ABL protein

have been developed recently. In this study, we tested various combinations of

ABL inhibitors and IAP ligands, and the linker was optimized for protein knock-

down activity of SNIPER(ABL). The resulting SNIPER(ABL)-39, in which dasatinib is

conjugated to an IAP ligand LCL161 derivative by polyethylene glycol (PEG) 3 3

linker, shows a potent activity to degrade the BCR-ABL protein. Mechanistic

analysis suggested that both cellular inhibitor of apoptosis protein 1 (cIAP1) and

X-linked inhibitor of apoptosis protein (XIAP) play a role in the degradation of

BCR-ABL protein. Consistent with the degradation of BCR-ABL protein, the

SNIPER(ABL)-39 inhibited the phosphorylation of signal transducer and activator

of transcription 5 (STAT5) and Crk like proto-oncogene (CrkL), and suppressed the

growth of BCR-ABL-positive CML cells. These results suggest that SNIPER(ABL)-39

could be a candidate for a degradation-based novel anti-cancer drug against BCR-

ABL-positive CML.

C hronic myelogenous leukemia (CML) is a myeloprolifera-
tive disorder characterized by the Philadelphia (Ph) chro-

mosome in cancer cells.(1) The Ph chromosome results from a
translocation between the long arms of chromosomes 9 and
22, t(9;22)(q34;q11),(2) and a fusion gene, Bcr-Abl, which
encodes a constitutively active protein tyrosine kinase, was
generated by this translocation.(3–5) Several small molecule tyr-
osine kinase inhibitors (TKI) have been developed for CML
treatment. Imatinib is the first-generation TKI against the
BCR-ABL, and it competitively binds to the ATP-binding site,
resulting in the inhibition of cell proliferation.(6,7) Although
imatinib is currently used as the first-line therapy for CML
patients, a significant number of patients develop resistance,
which is commonly attributable to point mutations in the tyro-
sine kinase domain of BCR-ABL protein. To overcome the
imatinib resistance, second-generation TKI such as dasatinib
have been developed.(8,9) Such second generation TKI are cap-
able of saving most CML patients; however, drug resistance
also occurs against them. Therefore, novel drug candidates
with different mechanisms of action are required.

Besides inhibition of tyrosine kinase activity, downregulation
of the BCR-ABL protein should have a similar therapeutic
potential. Although the downregulation can be achieved by
genetic knockdown technologies, such as antisense oligonu-
cleotides and small interfering RNA, they remain clinically
challenging.(10,11) An alternative approach is a protein knock-
down technology, which induces the degradation of target pro-
teins via the ubiquitin–proteasome system (UPS), and a series
of active compounds, including Specific and Non-genetic Inhi-
bitor of apoptosis protein [IAP]-dependent Protein Erasers
(SNIPER)(12–23) and Proteolysis Targeting Chimeras
(PROTAC)(24–33) have been developed. They are hybrid mole-
cules composed of two different ligands connected by a linker;
one ligand is for a target protein and the other is for E3 ubiq-
uitin ligases. Accordingly, these molecules are expected to
crosslink the target protein and E3 ubiquitin ligases in cells,
resulting in the ubiquitylation and subsequent degradation of
the target protein via the UPS.
In this study, we synthesized a series of SNIPER(ABL)

compounds by combination of various ABL inhibitors and IAP
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ligands, and the linker was optimized for protein knockdown
activity against BCR-ABL protein. The resulting SNIPER
(ABL)-39, in which an ABL inhibitor dasatinib is conjugated
to an IAP ligand LCL161 derivative, shows a potent activity
to degrade the BCR-ABL protein, involving cIAP1 and XIAP
for the degradation. We also showed that SNIPER(ABL) inhib-
ited the phosphorylation of BCR-ABL substrate STAT5 (signal
transducer and activator of transcription 5) and CrkL (Crk like
proto-oncogene), and suppressed the growth of BCR-ABL-
positive CML cells.

Materials and Methods

Design and synthesis of SNIPER(ABL). We designed the hybrid
molecules, SNIPER(ABL), in which an ABL inhibitor is
linked to a ligand of cIAP1 via a linker containing a variable
polyethylene glycol (PEG) unit. The chemical synthesis and
physicochemical data on the SNIPER(ABL) are provided in
the Supporting Information (Data S1 and Scheme S1–S6).

Reagents. Tissue culture plastics were purchased from Grei-
ner Bio-One (Tokyo, Japan). Imatinib was purchased from LC
Laboratories (Woburn, MA, USA). MLN7243 was purchased
from Active Biochem (Maplewood, NJ, USA). Cycloheximide
(CHX) was from Sigma-Aldrich (St. Louis, MO, USA). His-
tagged ABL1 protein (full length, P3049) was from Life Tech-
nologies (Carlsbad, CA, USA). Brij(R) 35 solution was
obtained from Merck Millipore (Billerica, MA, USA). Ter-
bium-labeled streptavidin (Tb-SA) was from Cisbio (Codolet,
France). Recombinant His-tagged human XIAP (BIR3,
Asn252-Thr356, 895-XB-050) protein was purchased from
R&D Systems (Minneapolis, MN, USA). Recombinant His-
tagged human cIAP1 (BIR3, Leu250-Gly350) and cIAP2
(BIR3, Gln238-Ser349) proteins were expressed in E. coli and
purified using a Ni-NTA column and a gel filtration chro-
matography. FITC-labeled Smac peptide (FITC-Smac,
AVPIAQK(5-FAM)-NH2)(34) was synthesized in Scrum
(Tokyo, Japan). BODIPY-FL labeled dasatinib (BODIPY-dasa-
tinib)(35) was synthesized as described previously.

Cell culture and shRNA transfection. Human CML (K562,
KCL-22 and KU812), acute lymphoblastic leukemia (SK-9),
promyelocytic leukemia (HL60), acute T-lymphoblastic leuke-
mia (MOLT-4) and T cell leukemia (Jurkat) were cultured in
Roswell Park Memorial Institute (RPMI)-1640 medium
(Sigma-Aldrich) containing 10% FBS (Gibco) and 50 lg/mL
kanamycin (Sigma-Aldrich). SK-9 cells were kindly provided
by Dr Okabe (Tokyo Medical University, Tokyo, Japan).(36)

KCL-22 and KU812 cells were obtained from Japanese Collec-
tion of Research Bioresources (JCRB, Osaka, Japan) Cell Bank
(JCRB1317 and JCRB0104). For short hairpin RNA (shRNA)-
mediated gene silencing, gene-specific hairpin oligonucleotides
were ligated into pSUPER.retro.puro vector (OrigoEngine,
Seattle, WA, USA). The shRNA sequences used in this study
were:

cIAP1-#1 (50-CCGCCGAATTGTCTTTGGTGCTTCTCGA-
GAAGCACCAAAGACAATTCGGCTTTTTT-30);
cIAP1-#2 (50-CCGCTGCGGCCAACATCTTCAAACTCGA
GTTTGAAGATGTTGGCCGCAG CTTTTTT-30);
XIAP-#1 (50-CCAGCTGTAGATAGATGGCAATACTCGA
GTATTGCCATCTATCTACAGCTTTTTTT-30);
XIAP-#2 (50-CCGCACTCCAACTTCTAATCAAACTCGA
GTTTGATTAGAAGTTGGAGTGCTTTTTT-30);
LacZ (50-CCGCTACACAAATCAGCGATTTCGCTTCCTG
TCACGAAATCGCTGATTTGTGTAGCTTTTTT-30).

K562 cells (1 9 107) were transfected by electroporation
(GENE PULSER II; Bio Rad, Hercules, CA, USA) with 20 lg
pSUPER/shcIAP1-#1, shcIAP1-#2, shXIAP-#1, shXIAP-#2 or
shLacZ. Transfected cells were incubated in 2 mL RPMI-1640
supplemented with 10% FBS and 100 lg/mL of kanamycin in
a 6-well dish for 24 h, and the cells were washed in PBS, and
further incubated in 10 mL RPMI-1640 supplemented with
10% FBS, 100 lg/mL of kanamycin and 2.5 lg/mL of puro-
mycin (Sigma-Aldrich) in a 10-cm dish for 48 h.

Western blot analysis. Cells were collected and lysed in a
lysis buffer (0.5% TritonX-100, 0.01 M Tris-HCl [pH 7.5],
0.15 M NaCl, Complete Mini protease inhibitor cocktail
[Roche Applied Science, Indianapolis, IL, USA] and PhosStop
phosphatase inhibitor cocktail [Roche Applied Science]). Pro-
tein concentration was measured by the BCA method (Thermo
Scientific, Rockford, IL, USA) and an equal amount of protein
lysate was separated by SDS-PAGE, transferred to polyvinyli-
dene difluoride membranes (Millipore), and analyzed by west-
ern blot using an appropriate antibody. The immunoreactive
proteins were visualized using Clarity Western ECL substrate
(Bio-Rad), and their light emission was quantified with a LAS-
3000 lumino-image analyzer (Fuji, Tokyo, Japan). The follow-
ing antibodies were used: anti-cAbl rabbit polyclonal antibody
(pAb) (#2862), anti-XIAP rabbit pAb (#2042), anti-phospho-
cAbl rabbit pAb (#3009), anti-STAT5 rabbit pAb (#9363),
anti-phospho-STAT5 rabbit pAb (#9359), anti-CrkL mouse
monoclonal antibody (mAb) (#3182) and anti-phospho-CrkL
rabbit pAb (#3181) (Cell Signaling Technology, Danvers, MA,
USA); anti-b-tubulin (ab6046) rabbit pAb (Abcam, Cambridge,
UK); anti-GAPDH rabbit pAb (sc-25778 HRP) and anti-Cyclin
B1 mouse mAb (ac-245 HRP) (Santa Cruz, Dallas, TX, USA);
anti-MCL1 mouse mAb (559027) (BD Biosciences, San Jose,
CA, USA); anti-b-actin mouse mAb (A2228) (Sigma-Aldrich);
and anti-cIAP1 goat pAb (AF8181) (R&D Systems).

Time-resolved FRET assay and data analysis. Time-resolved
FRET (TR-FRET) assays were carried out using 384-well
white flat-bottomed plates (Greiner Bio-One, Frickenhausen,
Germany) and the signal was measured using an EnVision
Multilabel Plate Reader (PerkinElmer, Waltham, MA, USA).
The solution in each well was excited with a laser
(k = 337 nm) reflected by a dichroic mirror (D400/D505 (Per-
kin Elmer) and fluorescence from terbium (Tb) and BODIPY
or FITC were detected through two emission filters (CFP 486
[Perkin Elmer] for Tb, Emission 515 [Perkin Elmer] for BOD-
IPY and FITC). Assay buffer utilized in this study was com-
posed of 50 mM HEPES (pH 7.2–7.5), 10 mM MgCl2, 1 mM
EGTA, 0.1 mM DTT and 0.01% (v/v) Brij(R) 35. All assays
were carried out at room temperature in triplicate or quadrupli-
cate formats.
The percentage of inhibition by test compounds was calcu-

lated according to Equation (1).

Percentage of inhibition ¼ 100� lH � T

lH � lL

� �
ð1Þ

where T is the value of the wells containing test compounds,
and lH and lL are the mean values of the 0 and 100% inhibi-
tion control wells, respectively. The half maximal inhibitory
concentration (IC50) of test compounds was calculated by fit-
ting the data with the logistic equation using GraphPad Prism
5 (GraphPad Software, La Jolla, CA, USA) or XLfit (IDBS,
Guildford, UK).

Measurement of inhibitor activity of ABL1 inhibitor that bind

to the ATP binding site. Before addition to the assay plate,
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Fig. 1. SNIPER(ABL) composed of various ABL inhibitors and IAP ligands. (a) Chemical structures of SNIPER(ABL). (b–e) The protein knockdown
activities of imatinib-conjugated (b), GNF5-conjugated (c), HG-7-85-01-conjugated (d) and dasatinib-conjugated SNIPER(ABL) (e) were evaluated.
K562 cells were incubated with the indicated concentration of SNIPER or ligands mix (LM; indicated ABL inhibitor and IAP ligand) for 6 h. Num-
bers below the ABL panel represent BCR-ABL/GAPDH or BCR-ABL/b-tubulin ratio normalized by vehicle control as 100. (f) List of SNIPER(ABL)
compounds and their DC50 values. The upper name represents the code number of the SNIPER(ABL) and the lower number shows the concentra-
tion of SNIPER(ABL) required to reduce BCR-ABL protein by 50% (DC50, nM).
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threefold concentrations of His-ABL1 protein, Tb-SA and
biotinylated anti-His antibody were mixed in the assay buffer
and incubated for over 1 h at room temperature. Several

concentrations of test inhibitors dissolved in the assay buffer
were dispensed in the assay plate. Subsequently, the ABL/anti-
body/Tb-SA premix was dispensed to each well and incubated

Fig. 1. Continued
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for 120 min at room temperature. Reaction was initiated by
addition of assay buffer containing 13.5 nM BODIPY-dasati-
nib. The plate was incubated for 30 min at room temperature
and the TR-FRET signal was measured using an EnVision
Multilabel Plate Reader. The final concentrations of Tb-SA,
biotinylated anti-His, ABL1 protein and BODIPY-dasatinib
were 0.2, 0.4, 0.38 and 4.5 nM, respectively. The values of the
0 and 100% controls were the signals obtained in the absence
and presence of 3 lM dasatinib, respectively.

Measurement of inhibitory activity of IAP/peptide interac-

tion. His-IAP proteins (XIAP, cIAP1 or cIAP2), FITC-Smac,
Tb-SA and biotinylated anti-His antibody (Life Technologies)
were mixed in the assay buffer and incubated for over 1 h at
room temperature before addition to the assay plate. Several
concentrations of test inhibitors were dispensed in the assay
plate and the protein-probe premix was dispensed to each well.
All assays were carried out using 0.6 nM of IAP proteins. The
concentrations of FITC-Smac were described as follows:
27 nM for XIAP, 12 nM for cIAP1 and 19 nM cIAP2. The
final concentrations of Tb-SA and biotinylated anti-His anti-
body were 0.2 and 0.4 nM, respectively. After 1 h incubation
at room temperature, the TR-FRET signal was measured using

an EnVision Multilabel Plate Reader. The values of the 0 and
100% controls were the signals obtained in the presence and
absence of IAP proteins, respectively.

RNA isolation and quantitative PCR. Total RNA was prepared
from cells with RNeasy (Qiagen). First-strand cDNA was syn-
thesized from 1 lg total RNA with an oligo-dT primer using
the SuperScript First-Strand Synthesis System (Invitrogen).
Quantitative real-time PCR was performed with an ABI Prism
7300 sequence detection system (Applied Biosystems, Foster
City, CA, USA) using SYBR GreenER (Invitrogen) with gene-
specific primers. Human 36B4 mRNA was used as an invariant
control. The following PCR primers were used (50 to 30):
36b4, GGC CCG AGA AGA CCT CCT T and CCA GTC
TTG ATC AGC TGC ACA; Bcr-Abl: TCC ACT CAG CCA
CTG GAT TTA A and AAA TCA TAC AGT GCA ACG
AAA AGG. The relative amounts of each mRNA were calcu-
lated using the comparative Ct method.

Cell viability assay. Cell viability was determined using water-
soluble tetrazolium WST-8 (4-[3-(2-methoxy-4-nitrophenyl)-2-
(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate) for
the spectrophotometric assay according to the manufacturer’s
instructions (Dojindo, Tokyo, Japan). Cells were seeded at a

Fig. 2. SNIPER(ABL)-39 shows potent protein knockdown activity. (a) Chemical structures of SNIPER(ABL) with different linker length. (b) Effect
of linker length on the protein knockdown activity of the SNIPER(ABL). K562 cells were incubated with the indicated concentration of SNIPER
(ABL) for 6 h. (c) Dose response of the protein knockdown activity of SNIPER(ABL)-39. K562 cells were incubated with the indicated concentra-
tion of SNIPER(ABL)-39 or ligands mix (LM; dasatinib and the LCL161 derivative) for 24 h. Numbers below the ABL panel represent the BCR-ABL/
GAPDH ratio normalized by vehicle control as 100. Data in the bar graph (c) are means � SD (n = 4). *P < 0.01 compared with vehicle control.
(d) Binding affinities of SNIPER(ABL)-39 to ABL and IAP. IC50 values (concentrations of SNIPER(ABL)-39 required to inhibit the probe binding to
each protein by 50%) are presented. n.d., not determined.
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concentration of 5 9 103 cells per well in a 96-well culture
plate. After 24 h, the cells were treated with the indicated com-
pounds for 48 h. The WST-8 reagent was added and the cells

were incubated for 0.5 h at 37°C in a humidified atmosphere of
5% CO2. The absorbance at 450 nm of the medium was mea-
sured using an EnVision Multilabel Plate Reader.

Fig. 3. Involvement of ubiquitin and IAP in SNIPER(ABL)-39-induced degradation of BCR-ABL protein. (a) Turnover of BCR-ABL proteins after
SNIPER(ABL)-39 treatment. K562 cells were treated with 10 lg/mL of cycloheximide (CHX) in the presence or absence of 30 nM of SNIPER(ABL)-
39 for the indicated periods. Numbers below the panels represent BCR-ABL/GAPDH, Cyclin B1/GAPDH and MCL-1/GAPDH ratios normalized by
time 0 control as 100. Data in the graphs are means � SD (n = 3). (b) Expression of Bcr-Abl mRNA in K562 cells. Cells were incubated with the
indicated concentration of SNIPER(ABL)-39 for 6 h. Expression levels are relative to vehicle treatment, which was arbitrarily set to 1. Data in the
bar graph are means � SD (n = 3). (c) Effect of ubiquitin activating enzyme inhibitor MLN7243 on protein knockdown activity of SNIPER(ABL)-39
in K562 cells. Cells were incubated with the indicated concentration of SNIPER(ABL)-39 and/or MLN7243 for 6 h. (d) Silencing of both cIAP1 and
XIAP expression attenuates SNIPER(ABL)-39-dependent BCR-ABL protein degradation. In K562 cells, endogenous cIAP1 and/or XIAP were
depleted by shRNA for 72 h. Then cells were treated with the indicated concentration of SNIPER(ABL)-39 for 6 h. Numbers below the ABL panel
represent BCR-ABL/GAPDH, BCR-ABL/b-tubulin, or BCR-ABL/b-actin ratio normalized by vehicle control as 100.
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Statistical analysis. Student’s t-test was used to determine the
significance of differences among the experimental groups.
Values of P < 0.01 were considered significant.

Results

Development of potent SNIPER(ABL) by incorporation of IAP

antagonists. We previously developed SNIPER(ABL)-2 by
conjugating imatinib (ABL inhibitor) to bestatin (IAP ligand)
with alkyl linker, which induced the reduction of BCR-ABL
protein in K562 cells at 100 lM.(20) To improve the protein
knockdown activity, we conjugated imatinib to bestatin with
PEG linker (SNIPER(ABL)-49) (Fig. 1a,b), because PEG lin-
ker is expected to improve solubility of the conjugate for
improved pharmaceutical properties. However, SNIPER(ABL)-
49 showed protein knockdown activity comparable to that of
SNIPER(ABL)-2 (Fig. 1b).
Then, we synthesized a series of SNIPER(ABL) containing

various ABL inhibitors (imatinib, GNF5,(37) HG-7-85-01(38) and
dasatinib(39)) and various IAP ligands (bestatin, MV1 and an
LCL161 derivative) (Fig. 1a), and examined their activity to
reduce BCR-ABL protein in K562 cells for 6 h (Fig. 1b–f). We
found that SNIPER(ABL)-39 composed of dasatinib and the
LCL161 derivative showed the most potent activity, represent-
ing an effective reduction of BCR-ABL protein at 10 nM.
From SNIPER(ABL)-39, we further synthesized analogs

with various length of PEG linker chains (Fig. 2a). SNIPER
(ABL) with longer PEG linker chains (SNIPER[ABL]-39 and
-57) exhibited more potent activity than those with shorter
PEG linker chains (SNIPER[ABL]-56 and -38) (Fig. 2b). On
the basis of these results, we chose SNIPER(ABL)-39 for

further study. Figure 2(c) shows that the effective knockdown
of BCR-ABL by SNIPER(ABL)-39 was observed at a con-
centration ≥10 nM and maximum activity was observed at
around 100 nM, when the cells were incubated with SNIPER
(ABL)-39 for 24 h. Combination of dasatinib and the
LCL161 derivative (1 lM each) did not effectively decrease
the BCR-ABL protein level (Fig. 2c), indicating that linking
the two ligands into a single molecule is critically important
for the reduction of the BCR-ABL protein. In addition to
BCR-ABL protein, SNIPER(ABL)-39 effectively reduced the
level of cIAP1 after 6 h (Figs 1e, 2c) and XIAP after 24 h
(Fig. 2c). Figure 2(d) shows that SNIPER(ABL)-39 exhibits
high affinity to bind ABL and IAP proteins as do the individ-
ual ligands.

Involvement of ubiquitin and IAP in SNIPER(ABL)-39-induced

degradation of BCR-ABL protein. To explore the mechanism of
SNIPER(ABL)-39-induced reduction of the BCR-ABL protein,
we first examined the turnover of BCR-ABL protein after SNI-
PER(ABL)-39 treatment. When K562 cells were treated with a
protein synthesis inhibitor CHX, BCR-ABL protein was dra-
matically decreased within 2 h in the SNIPER(ABL)-39-trea-
ted cells, but was retained until 6 h in control cells (Fig. 3a).
However, the reduction of other proteins, such as cyclin B1
and MCL-1, was unaffected by SNIPER(ABL)-39 treatment.
In addition, SNIPER(ABL)-39 did not affect the mRNA levels
of Bcr-Abl (Fig. 3b). These results indicate that SNIPER
(ABL)-39 induces degradation of BCR-ABL protein.
Then, we examined the effect of a UPS inhibitor. We first

tested a proteasome inhibitor, MG132, but found that MG132
itself reduced the BCR-ABL protein (data not shown). Instead,
we used an inhibitor of ubiquitin-activating enzyme,
MLN7243, as another UPS inhibitor. The SNIPER(ABL)-39-
induced degradation of BCR-ABL protein was abrogated by
MLN7243 (Fig. 3c), suggesting that the degradation of BCR-
ABL protein requires the ubiquitin system.
SNIPER(ABL) compounds are designed to recruit IAP for

degradation of BCR-ABL protein. To understand which IAP
are involved in the degradation of BCR-ABL by SNIPER
(ABL)-39, we downregulated IAP by shRNA-mediated gene
silencing. Among IAP family members, we focused on XIAP
and cIAP1, because cIAP2 is not detectable in K562 cells.
Silencing of both cIAP1 and XIAP expression significantly
suppressed the SNIPER(ABL)-39-induced BCR-ABL protein
degradation, while silencing of either cIAP1 or XIAP expres-
sion alone did not affect the degradation (Fig. 3d). This result
suggests that both cIAP1 and XIAP play a role in the
degradation of BCR-ABL protein when treated with SNIPER
(ABL)-39.

SNIPER(ABL)-39 inhibits BCR-ABL-related signaling pathway

and proliferation of BCR-ABL positive chronic myelogenous leuke-

mia cells. Because BCR-ABL is a constitutively active tyrosine
kinase and drives uncontrolled cellular proliferation through
signaling pathways that involve the STAT5, mitogen-activated
protein kinase, phosphatidylinositol-3-kinase/Akt and
CrkL,(40,41) we next examined the effect of SNIPER(ABL)-39
on BCR-ABL-related signaling pathways in K562 cells. In
accordance with the degradation of BCR-ABL protein, SNI-
PER(ABL)-39 suppressed the phosphorylation of BCR-ABL,
STAT5 and CrkL (Fig. 4). We also examined the effect with
dasatinib as a control. It reduced the phosphorylation of BCR-
ABL, STAT5 and CrkL, without affecting the levels of BCR-
ABL protein (Fig. 4).
In line with the degradation of BCR-ABL protein and the

inhibition of the BCR-ABL-mediated signaling pathway,

Fig. 4. SNIPER(ABL)-39 inhibits the BCR-ABL-related signaling path-
way. K562 cells were incubated with the indicated concentration of
SNIPER(ABL)-39 or dasatinib for 6 h. pBCR-ABL, pSTAT5 and pCrkL
stand for phosphorylated BCR-ABL, STAT5 and CrkL, respectively.
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Fig. 5. SNIPER(ABL)-39 inhibits proliferation of
chronic myelogenous leukemia (CML) cells
expressing native BCR-ABL. (a) Effect of SNIPER
(ABL)-39 on cell growth in various CML and
leukemia cells. Cells were incubated with the
indicated concentration of SNIPER(ABL)-39 for 48 h
and subjected for WST assay. Data in the graphs are
means � SD (n = 3). (b) Degradation of BCR-ABL
protein in various CML cells. Cells were incubated
with the indicated concentration of SNIPER(ABL)-39
for 6 h, and the cell lysates were analyzed by
western blot. (c) Growth inhibitory effect of SNIPER
(ABL)-39 and dasatinib in various CML cells. Cells
were incubated with the SNIPER(ABL)-39 and
dasatinib for 48 h and subjected for WST assay. IC50

values (half-maximal inhibitory concentration of cell
growth) are presented as means � SD (n = 3).
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SNIPER(ABL)-39 at 10 nM dramatically inhibits the growth
of K562 cells (Fig. 5a). Similar growth inhibitory effect and
protein knockdown activity of SNIPER(ABL)-39 were also
observed in other CML cell lines, KCL-22 and KU-812,
expressing native BCR-ABL protein (Fig. 5a–c), to which
dasatinib shows a potent anti-proliferative effect (Fig. 5c).
However, SNIPER(ABL)-39 did not inhibit the growth of the
leukemia cell lines, HL-60, MOLT-4 and Jurkat, which do not
express BCR-ABL protein (Fig. 5a). In addition, SNIPER
(ABL)-39 did not inhibit the cell growth nor reduce the BCR-
ABL protein in SK-9 cells that express T315I mutant BCR-
ABL protein (Fig. 5a,b) (36). These data indicate that SNIPER
(ABL)-39 can induce the degradation of native BCR-ABL pro-
tein, but not T315I mutant, which results in the inhibition of
BCR-ABL-mediated signaling pathways and CML proliferation
in the cells expressing native BCR-ABL protein.

Discussion

In this study, we tested various combinations of ABL inhibi-
tors and IAP ligands to develop SNIPER(ABL) that induces
the degradation of oncogenic kinase BCR-ABL, and the linker
length was optimized for the activity. We found that SNIPER
(ABL)-39, in which dasatinib is conjugated to an LCL161
derivative with PEG 9 3 linker, shows the most potent activ-
ity to degrade the BCR-ABL protein. SNIPER(ABL)-39
showed an effective protein knockdown activity at 10 nM and
the maximum activity was observed at 100 nM. Notably, the
protein knockdown activity was rather attenuated at higher
concentrations of SNIPER(ABL)-39 (Fig. 2c). This is known
as a high-dose hook effect, where a certain pharmaceutical
activity is interfered with higher concentration of drugs. We
speculate that formation of ternary complex consisting of
BCR-ABL/SNIPER(ABL)-39/IAP required for the protein
knockdown activity would be suppressed by higher concentra-
tions of SNIPER(ABL)-39, and, therefore, the protein knock-
down activity is attenuated.
With respect to the small compounds that induce the degra-

dation of BCR-ABL protein, PROTAC against BCR-ABL
were reported by conjugation of dasatinib to a von Hippel-Lin-
dau (VHL) E3 ligase ligand or a thalidomide derivative, poma-
lidomide, that is a ligand for Cereblon (CRBN) E3 ligase.(32)

Interestingly, CRBN-based PROTAC can reduce BCR-ABL
protein at 25 nM, whereas VHL-based PROTAC cannot.
Because IAP-based SNIPER(ABL) can induce the degradation
of BCR-ABL protein, it is suggested that IAP and CRBN are

appropriate E3 ligases to degrade BCR-ABL protein when
dasatinib is incorporated as a ligand for BCR-ABL protein.
Probably, SNIPER(ABL)-39 and CRBN-based PROTAC can
recruit E3 ligases to an appropriate position so that the lysine
residues on the surface of BCR-ABL can be ubiquitylated.
Thus, the combination of an E3 ligase ligand and a target
ligand is critically important to develop the degradation induc-
ers such as SNIPER and PROTAC.
Consistent with the degradation of BCR-ABL protein, SNI-

PER(ABL)-39 inhibited the BCR-ABL-related signaling path-
way and proliferation of BCR-ABL positive CML, such as
K562, KCL-22 and KU812 cell, expressing native BCR-ABL
protein. However, in SK-9 cells expressing T315I mutant
BCR-ABL protein, SNIPER(ABL)-39 did not reduce the BCR-
ABL protein nor inhibit cell proliferation. This may be attribu-
ted that SNIPER(ABL)-39 could not bind to the T315I mutant
BCR-ABL protein, because the T315I is a gatekeeper mutation
that prevents the binding of dasatinib.(39,42) However, BCR-
ABL protein has multiple domains, such as pleckstrin homol-
ogy, Src homology (SH) 2 and SH3 domains, to which novel
ligands could be developed. Incorporation of such ligands into
SNIPER would allow us to develop a novel SNIPER(ABL)
that can induce the degradation of BCR-ABL proteins resistant
to kinase inhibitors, which could be a novel strategy to over-
come drug resistance against kinase inhibitors.
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