

Supplementary Text

Supplementary Materials and Methods

Synthesis of USP25 inhibitors (AZ-1, AZ-2, and AZ-3)




Compounds AZ-1–3 were prepared according to a previously reported procedure [1] with slight modifications. To a solution of 4-(bromomethyl)-1-fluoro-2-(trifluoromethyl)benzene (565 mg, 2.20 mmol) and 5-bromo-2-hydroxybenzaldehyde (402 mg, 2.00 mmol) in DMF (8 mL), potassium carbonate (533 mg, 4.00 mmol) was added. The reaction mixture was stirred at room temperature for 3 h, then poured into ice water; the resulting white precipitate was collected by filtration, washed with water, and then dried under vacuum to produce a white solid: 5-bromo-2-[4-fluoro-3 (trifluoromethyl)benzyloxy]benzaldehyde (AZ-1 intermediate)—this intermediate was used in the following step without further purification. To a solution of AZ-1 intermediate (377 mg, 1.00 mmol) in THF (4 mL), 2-aminoethanol (181 μL, 3.00 mmol) was added, followed by acetic acid (3 μL). After being stirred for 30 min at room temperature, sodium borohydride (189 mg, 3.00 mmol) was slowly added to the reaction mixture at 0 °C with stirring. When the addition of sodium borohydride was complete, the reaction mixture was allowed to warm to room temperature, and then was stirred for 12 h. The reaction mixture was then quenched with saturated aqueous NH4Cl, and evaporated under reduced pressure to remove THF. The resulting residue was partitioned between CH2Cl2 and 2M NaOH. Next, the aqueous layer was extracted with CH2Cl2 (2 × 50 mL), and the combined organic extracts were dried over anhydrous Na2SO4, filtered, and then concentrated under reduced pressure. The concentrated residue was purified by flash silica gel column chromatography (0 to 10% MeOH in CH2Cl2); pure fractions were collected and evaporated to produce 2-{5-bromo-2-[4-fluoro-3-(trifluoromethyl)benzyloxy]benzylamino}ethanol (AZ-1) (107 mg, 25%) as a white solid. The structures of the synthesized compounds were confirmed by 1H NMR measurement.

2-{5-Bromo-2-[4-fluoro-3-(trifluoromethyl)benzyloxy]benzylamino}ethanol, AZ-1
1H NMR (600 MHz, CDCl3) δ 7.66 (d, J = 6.6 Hz, 1H), 7.61 – 7.59 (m, 1H), 7.43 (d, J = 2.4 Hz, 1H), 7.34 (dd, J = 8.4, 2.4 Hz, 1H), 7.24 (d, J = 9.3 Hz, 1H), 6.77 (d, J = 8.4 Hz, 1H), 5.07 (s, 2H), 3.81 (s, 1H), 3.65 (t, J = 5.4 Hz, 2H), 2.77 (t, J = 5.8 Hz, 2H).
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AZ-2 and AZ-3 were prepared by a similar procedure (on the same scale) as described above, but using 1-(bromomethyl)-3-(trifluoromethoxy)benzene and benzyl bromide, respectively.

2-{[5-Bromo-2-(3-trifluoromethoxy)benzyloxy]benzylamino}ethanol, AZ-2
Intermediate: white solid, 750 mg; final product: white solid, 74 mg (17%).
1H NMR (600 MHz, CDCl3) δ 7.44 – 7.41 (m, 2H), 7.32 (dd, J = 9.0, 3.0 Hz, 2H), 7.28 (s, 1H), 7.20 (d, J = 7.8 Hz, 1H), 6.78 (d, J = 8.4 Hz, 2H), 5.09 (s, 2H), 3.83 (s, 2H), 3.65 (t, J = 5.4 Hz, 2H), 2.78 (t, J = 5.4 Hz, 2H).
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2-{[2-(Benzyloxy)-5-bromobenzyl]amino}ethanol, AZ-3
Intermediate: white powder, 610 mg; final product: colorless oil, 102 mg (30%).
1H NMR (600 MHz, CDCl3) δ 7.43 – 7.38 (m, 4H), 7.36 – 7.33 (m, 1H), 7.32 (dd, J = 9.0, 2.4 Hz, 1H), 6.80 (d, J = 9.0 Hz, 1H), 5.08 (s, 2H), 3.81 (s, 2H), 3.62 (t, J = 5.0 Hz, 2H), 2.74 (t, J = 5.0 Hz, 2H).
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Co-immunoprecipitation
cDNA encoding human USP25 was amplified by PCR and cloned into the pcDEF3-6×Myc [2]. cDNAs encoding human BCR-ABL and Syk were amplified by PCR and cloned into the p3×FLAG-CMV-10 (Sigma-Aldrich). HEK293 cells were co-transfected with the indicated plasmids using Lipofectamine 2000 (Invitrogen) in accordance with the manufacturer’s instructions and were incubated for 72 h. Cells were then lysed in lysis buffer containing 0.1% Triton X-100, 0.01 M HEPES (pH 7.4), 0.1425 M KCl, 0.005 M MgCl2 , 0.001 M  EGTA and Complete Mini protease inhibitor cocktail. Lysates were immunoprecipitated with anti-Myc-Tag mAb (#2276) (Cell Signaling Technology) or anti-FLAG mAb (F3165) (Sigma-Aldrich) and the immunoprecipitates were analyzed by western blotting using antibodies against the indicated proteins.
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Supplementary Figure Legends

Figure S1	Quantification of BCR-ABL protein levels upon knockdown of each DUB in K562 cells. The shRNA pools for 87 DUBs were individually transfected into K562 cells for 96 h. Cell lysates were analyzed by western blotting using antibodies against BCR-ABL and GAPDH. Relative BCR-ABL protein levels were normalized against GAPDH expression.

Figure S2 	Silencing of USP25 suppressed the growth of K562 cells. K562 cells were transfected with the indicated shRNAs for 144 h. Cells were subjected to WST assay. Data in the bar graphs are means ± SD (n = 3). *, P<0.0005 compared with shLacZ treatment in a two-tailed Student’s t-test.

Figure S3	Silencing of USP25 in BCR-ABL negative leukemia cell lines. MOLT-4 and Jurkat cells were infected with the indicated lentiviruses for 96 h. Cell lysates were analyzed by western blotting using antibodies against the indicated proteins.

Figure S4	Co-immunoprecipitation assay for interaction between BCR-ABL and USP25. HEK293 cells were co-transfected with 6×Myc-tagged USP25 and 3×FLAG-tagged BCR-ABL or Syk for 72 h. Lysates were immunoprecipitated with anti-Myc or anti-FLAG antibody, and the immunoprecipitates were analyzed by western blotting using antibodies against the indicated proteins. Syk is a positive control for a binding protein of BCR-ABL, as previously reported [3].
 
[bookmark: _GoBack]Figure S5	KU812 cells were incubated with the indicated concentrations of AZ-1, AZ-2, and AZ-3 for 3 h. a Cell lysates were analyzed by western blotting using antibodies against the indicated proteins. b mRNA expression of the BCR-ABL gene relative to control treatment expression, which was arbitrarily set to 1. Data in the bar graph are means ± SD (n = 3). c Turnover of BCR-ABL proteins after AZ-1 treatment. KU812 cells were treated with 10 μg/ml of cycloheximide (CHX) in the presence or absence of 60 μM of AZ-1 for the indicated periods. Cell lysates were analyzed by western blotting using antibodies against the indicated proteins. Expression levels of BCR-ABL, STAT5, and MCL-1 were normalized against β-Actin, and relative levels compared with time 0 were evaluated. The experiments were repeated three times and the relative amounts of the quantitated protein bands were plotted in the right panels. Data in the graphs are means ± SD (n = 3). *, P<0.05 compared with vehicle-treated control in a two-tailed Student’s t-test.
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