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Purinostat Mesylate is a uniquely potent and selective inhibitor of 1 

HDACs for the treatment of BCR-ABL-induced B-cell acute 2 

lymphoblastic leukemia 3 
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Supplementary Methods 14 

 15 

Compounds 16 

   Purinostat Mesylate (PM) was synthesized according to our previous published paper (1) and 17 

the purity was determined by high performance liquid chromatography (HPLC). In in vitro test, 18 

PM was dissolved in DMSO. In in vivo studies, PM was first dissolved in a mixture of 19 

hydroxypropyl-β-cyclodextrin and arginine, and heated to 60 C until fully dissolved, then 20 

freeze-dried into lyophilized powder. The lyophilized powder of PM was dissolved in saline 21 

solution for intravenous injection. 22 

HDAC enzymes inhibition assay 23 

The HDAC activity of PM in vitro was measured by Chempartner Company (Shanghai, 24 

China). We have screened PM against HDACs with Ac-peptide substrate concentration in 25 
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Km plot in fluorescent 384-well format. The measurement method is as follows. 1) Compound 26 

serial dilution: PM was dissolved into 10 mM stock in DMSO, and transfer compound to assay 27 

plate by Echo with three times dilution in DMSO. 2) Prepare substrate solution: for HDAC1, 2, 3, 28 

4, 5, 7 and 9, add trypsin and Ac-peptide substrate in 1x assay buffer to make the substrate 29 

solution, and for HDAC8, 10 and 11, add Ac-peptide substrate in 1x assay buffer to make the 30 

substrate solution. 3) Transfer 15 μL of enzyme solution to assay plate or for low control transfer 31 

15 μL of 1x assay buffer. Incubate at room temperature for 15 minutes. 4) Add 10 μL of substrate 32 

solution to each well to start reaction. 5) Incubate at room temperature for 60 min for HDAC1, 2, 33 

3, 4, 5, 6, 7 and 9, and incubate for 240 min for HDAC8, 10 and 11. For HDAC8, 10 and 11, add 34 

trypsin solution and incubate for 120 min. 6) Read the plate on Synergy MX with excitation at 355 35 

nm and emission at 460 nm. 7) Curve fitting. Fit the data in Excel to obtain inhibition values using 36 

equation: Inh %=( Max-Signal)/ (Max-Min)*100; Fit the data in GraphPad to obtain IC50 values 37 

using equation: Equation (2): Y=Bottom + (Top-Bottom) / (1+10^ ((LogIC50-X)*Hill Slope)), Y 38 

is % inhibition and X is compound concentration. 39 

Kinase inhibition assay 40 

The kinases activity of 1 μM PM on 89 kinases involved in tumor regulation in vitro were 41 

measured by radiometric assays conducted by Eurofins Pharma Discovery Services UK Limited 42 

(2). Briefly, each kinase was incubated with 1 μM PM in indicated reaction solutions contained 43 

[γ-
33

P-ATP] and other reagents such as MOPS, EDTA, EAIYAAPFAKKK, Magnesium acetate, 44 

etc. (different pH, concentration and activity according to the specific needs of different kinases). 45 

The reaction is initiated by the addition of the Mg/ATP mix. After incubation for a while (specific 46 

time as required) at room temperature, the reaction is stopped by the addition of phosphoric acid 47 

to a concentration of 0.5%. 10 μL of the stopped reaction is spotted onto a P30 filtermat and 48 



S3 

washed four times for 4 minutes in 0.425% phosphoric acid and once in methanol prior to drying 49 

and scintillation counting. 50 

Cell proliferation assays 51 

PM and LBH589 were dissolved in DMSO and stored at -20 °C. Cells were seeded at density 52 

of 15000-20000 cells/well in 96-well plates. After overnight incubation, cells were treated with 53 

vehicle or drug containing culture medium for 24, 48 or 72 hours, and cell viability was measured 54 

with Alamar blue (Yeasen, Shanghai, China) at the indicted time points with Biotek Cytation 3 at 55 

the excitation light wavelength of 530 nm and an emission wavelength of 590 nm. The IC50 values 56 

were calculated by GraphPad prism 7.0. 57 

Western blot analysis 58 

Western blot was performed as a routine way. The antibodies against c-ABL, c-MYC, HCK, 59 

BLK and LYN were purchased from Santa Cruz Biotechnology. The antibodies against HSP90, 60 

p-SRC, Ac-H3, KI67, H3, H4, β-ACTIN and GAPDH were purchased from Cell Signaling 61 

Technology. The antibody against Ac-H4 was purchased from Abways technology. 62 

Apoptosis assay 63 

For apoptosis assay, cells were cultured in 6-well plates at a density of 1×10
6
 cells/mL, and 64 

treated for 24 hours with vehicle or PM at indicted concentrations. An Annexin V-FITC (APC) and 65 

propidium iodide apoptosis detection kit (Tianjin Sungene Biotech Co., Ltd) were used following 66 

the manufacturer’s instructions, and cells were analyzed by flow cytometry (BD FACS Calibur, 67 

USA). We represented the addition of Annexin V-FITC (APC) positive and PI negative cells (early 68 

apoptosis) and Annexin V-FITC (APC) positive and PI positive cells (end stage apoptosis, death).  69 

Cell cycle analysis 70 

For cell cycle analysis, cells were cultured in 6-well plates at a density of 1×10
6
 cells/mL, 71 

and treated for 24 hours with vehicle or PM at indicted concentrations. Then, cells were harvested 72 
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and washed twice with PBS and slowly re-suspended in 1 mL of 70% ice-cold ethanol and fixed 73 

overnight at -20 °C. Fixed cells were washed with ice-cold PBS and re-suspended in 500 μL 74 

propidium iodide solution (50 μg/mL propidium iodide, 0.1% NP-40, 0.1% sodium citrate, 0.1% 75 

Triton X-100), and incubated for 15 min at 37 °C. Subsequently, cells were analyzed using a flow 76 

cytometry (BD FACS Calibur, USA). 77 

Immunohistochemistry, H&E and TUNEL staining 78 

Spleens were harvested from the tumor bearing mice treated with vehicle or PM groups and 79 

fixed in 4% buffered formalin for study. The immunohistochemistry analysis method was based 80 

on the previous method with slight modification (3). After deparaffinization in xylene and 81 

rehydratation in increasing concentrations of ethanol, antigen retrieval, and incubation with the 82 

different primary and secondary antibodies was performed with a semi-automatic Dako 83 

Autostainer (DAKO, Carpinteria, CA, USA) system. H&E staining method was following the 84 

protocol instructions. The spleens were fixed and serial sections of 5 µm thickness were made 85 

from paraffin embedded tissue for H&E. All sections were imaged with a Carl Zeiss digital 86 

camera attached to light microscope. Cell apoptosis in spleens from the tumor bearing mice 87 

treated with vehicle or PM groups was also determined using TUNEL assays following the 88 

manufacturer's instructions of TUNEL Apoptosis Detection Kit (Alexa Fluor 488).  89 

Animal experiments 90 

All animal studies were performed in accordance with the guidelines approved by the 91 

Institutional Animal Care and Use Committees of Sichuan University, whereas experiments that 92 

used patient samples were approved by the West China Hospital of Sichuan University, Chengdu, 93 

China.  94 

The Ph
+
 BL-2 secondary transplantation mouse model was generated by intravenously (i.v.) 95 
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injection of 1x10
6
 BL-2 cells diluted in 100 μL of saline solution in the tail vein of 7-8-week old 96 

female C57BL/6 mice. 12 days after injection, the mice were randomly divided into the indicated 97 

groups (vehicle, LBH589 10 mg/kg, PM 5 and 10 mg/kg; n = 10). Mice in the vehicle group 98 

received the saline solution containing hydroxypropyl-β-cyclodextrin and arginine. Mice for 99 

survival statistics were dosed via i.p. with three times a week, and the tumor cells were monitored 100 

weekly via FACS. Mice for leukemia progressive, antitumor mechanism and PK/PD studies were 101 

grouped on day 14 after inoculation, and 10 mg/kg of PM or vehicle were i.v. dosed.  102 

For the BCR-ABL(T315I) induced B-ALL mouse model, the retroviral vector 103 

MSCV-IRES-GFP carrying the BCR-ABL(T315I) cDNA, retroviral transduction and 104 

transplantation of donor mouse bone marrow cells for induction of B-ALL have been described 105 

earlier (4, 5). 7-8-week old female recipient mice C57BL/6 were prepared by 1100 cGy gamma 106 

irradiation and 1.0×10
6
 donor cells were transplanted via tail vein. Diseased mice were analyzed 107 

by histopathological and FACS as described earlier (6). After 12 days when tumor cells 108 

(GFP
+
B220

+
) appear in the PB, mice were randomly divided into different groups (vehicle n = 7; 109 

PM 5 mg/kg n = 8; PM 10 mg/kg n = 9), and started treatment with intra-peritoneally three times a 110 

week, and the leukemia cells (GFP
+
B220

+
) were monitored to assess the anti-tumor effects of PM. 111 

In addition, Ph
+
 T315I mutation B-ALL mouse model with more severe tumor burden was 112 

induced, after 16 days, all mice were FACS analyzed and divided into 5 groups with the same 113 

percentage (62.6 ± 10.4%) of GFP
+
B220

+
 in PB, 4 mice per group. Treat with PM (10 mg/kg) 114 

intravenously three times a week. Mice were sacrificed at 8 h of PM administration at day 1, day 3, 115 

day 5 (1 week treatment) and day 12 (2 weeks treatment). The tumor cells burden (GFP
+
B220

+
) in 116 

PB, spleen, BM and spleen weight were analyzed. 117 
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The patient-derived xenograft (PDX) model was established with primary cells derived from 118 

Ph
+
 B-ALL relapsed patient with TKI treatment. The peripheral blood samples were treated with 119 

red blood cell lysate, and washed with PBS, and then transplanted the cells into a 7-8-week old 120 

female NOD/SCID mice via the tail vein. The disease mouse showed splenomegaly, human 121 

CD19
+
 cells were higher than 80% in PB. After being killed, spleen blasts were re-transplanted in 122 

a new batch of recipient NOD/SCID mice, 1×10
6
 cells were administered i.v. into the tail vein. 123 

After 33 days when tumor cells appeared in the PB, mice were randomly divided into the 124 

indicated groups (vehicle n = 5; PM 2.5 mg/kg n = 4; PM 10 mg/kg n = 6), and started 125 

intra-peritoneally three times a week. The WBC and CD19
+
 numbers were measured weekly to 126 

assess the anti-tumor effects of PM. 127 

Flow cytometry for tumor burden 128 

Cells from peripheral blood, spleen and the total bone marrow content of femurs and tibiae 129 

were obtained. Cells were treated with red blood cell lysate, and washed with PBS. And then, 130 

incubate with anti-mouse APC-B220 (17-0452, Thermo Fisher Scientific), and measured by flow 131 

cytometry (BD FACS Calibur, USA). FACS data were analyzed and represented with Flowjo10. 132 

Tissue distribution and PK/PD study of PM  133 

For tissue distribution and PK/PD study of PM in Ph
+
 B-ALL (BL-2) bearing mice, all mice 134 

were divided into 10 groups (n = 7) when 17.1 ± 1.69% of GFP
+
B220

+
 cells in PB, a single dosage 135 

of PM 10mg/kg was given via intravenous administration. After the indicated time points 0 136 

(vehicle), 0.08, 0.5, 1, 2, 4, 8, 24, 48 and 72 h, mice were sacrificed and tissues were harvested to 137 

determine the acetylation level (n = 3) via western blot, and analyze the concentration of PM (n = 138 

4) via UFLC-MS/MS. UFLC system: SIL-30AC auto-sampler, LC-30AD chromatograph 139 

CBM-20A communications bus module，CTO-20AC prominence column oven, Shimadzu, Japan; 140 
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MS system: Qtrap 5500, American AB Company. D3-PM was used as quantitative internal 141 

standards. 142 

4-week toxicity studies of PM on SD rats and beagle dogs 143 

The West China-Frontier PharmaTech Co., Ltd. (WCFP), also named as National Chengdu 144 

Center for Safety Evaluation of Drugs has performed the studies, according with GLP regulations 145 

of CFDA (2017), US FDA and OECD, study protocol, protocol amendments and related SOPs. 146 

For 4-week toxicity studies of PM via intravenous injection on SD rats, the experimental method 147 

in brief is below. Female and male SPF SD rats (5-7-week old) weighing 188.4-221.9 g for male 148 

rats, 162.1-203.0 g for female rats upon grouping were used. Rats were randomly assigned to 4 149 

groups and intravenously injected with control (0.9% NaCl), and PM at 3, 10, 30 mg/kg, each 150 

group had 15 rats/sex. Rats were dosed once every two days, three times a week, for 4 151 

consecutive weeks and followed by a 4-week recovery phase. The first dosing day was defined as 152 

Day 1. Clinical signs were observed daily during the dosing and recovery phases. Body weight 153 

was recorded twice a week in the dosing phase and once a week in the recovery phase. Food 154 

consumption was measured twice a week in the dosing and recovery phases. The examinations of 155 

hematology, clinical chemistry and bone marrow cells percentage and megakaryocyte count were 156 

performed at the end of dosing and recovery phases.  157 

For 4-week toxicity studies of PM via intravenous injection on beagle dogs, the method is 158 

consistent with the above method on SD rats. Female and male beagle dogs (6-7 months) 159 

weighing 6.05-8.45 kg upon grouping, average body weight was 7.37 kg. Beagle dogs were 160 

randomly assigned to 4 groups and intravenously injected with control (0.9 % NaCl), and PM at 161 

0.3, 1, 3 mg/kg, each group had 5 dogs/sex. Beagle dogs were dosed once every two days, three 162 

times a week, for 4 consecutive weeks and followed by a 4-week recovery phase. Food 163 
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consumption was measured twice a week in the dosing and recovery phases. The examinations of 164 

hematology, clinical chemistry and bone marrow cells percentage and megakaryocyte count were 165 

performed at the end of dosing and recovery phases. H&E stain analysis of the sternal bone 166 

marrow, spleen, intestinal lymphoid tissue, mesenteric lymph node and cervical lymph node of the 167 

moribundity or death beagle dogs in 3 mg/kg group at end of dosing. H&E staining analysis of 168 

scaphoid bone marrow, spleen, intestinal lymphoid tissue, mesenteric lymph nodes and cervical 169 

lymph nodes in the 3 mg/kg group moribund dogs at the end of dosing. 170 

hERG blockade assay 171 

The effect of the PM on hERG potassium channels was performed at Shanghai Chempartner 172 

Co., Ltd. The cells used in this experiment were CHO cell line transfected with hERG cDNA and 173 

stably expressing hERG channels. CHO cells were cultured in Ham's F12 supplemented with 10% 174 

non-heat inactivated fetal bovine serum, 100 units/mL Hygromycin B and 100 μg/mL Geneticin, 175 

and cultured in an incubator containing 5% CO2 at 37 °C. CHO hERG cells were transferred to 176 

circular glass plates placed in petri dishes 24 to 48 h before electrophysiological experiments, and 177 

cultured in the same culture conditions as described above. PM was dissolved into 10 mM stock in 178 

100% DMSO, and then dilute into the different final assay concentration (100, 33.3, 11.1, 3.70, 179 

1.23 and 0.41 μM) with hERG assay buffer. This experiment used Cisapride (Sigma) at a 180 

concentration of 0.1 μM as a positive control, and a manual patch clamp technique system (HEKA 181 

EPC-10 signal amplifier and digital conversion system, purchased from HEKA Elcctronics, 182 

Germany) was used for recording of whole cell currents.  183 

 184 

Supplementary Figure Legends 185 

Supplementary Figure 1 Baseline leukemia burden of the model mice before PM treatment 186 
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and western blot analysis the levels of Ac-H3, Ac-H4 in bone marrow cells after PM 187 

treatment. (A) BL-2 secondary transplantation mouse model for leukemia progressive and 188 

antitumor mechanism study. 14 days after 1x10
6
 BL-2 cells inoculation when the B220

+
GFP

+
 cells 189 

in PB reached 17.2 ± 7.19% (baseline leukemia burden), mice were divided into seven groups 190 

(vehicle, day 3, 5, 8, 12, 19 and 26, 4 mice per group), and then treated with vehicle or PM (10 191 

mg/kg) intravenously three times a week, and sacrificed at 8 h after treatment with different days. 192 

(B) Western blot analysis the levels of Ac-H3, Ac-H4 in bone marrow cells in health and BL-2 193 

burden mice, treatment with PM 10 mg/kg, three times a week, and mice were sacrificed at 8 h 194 

after intravenous administration. D3-1 and D3-2: 2 doses treatment; D5-1 and D5-2: 3 doses 195 

treatment. (C) Percentages of B220
+
GFP

+
 cells in PB on day 14 after 1x10

6
 BL-2 cells inoculation 196 

(baseline leukemia burden, for PK/PD study). (D) Relative quantification of Ac-H3, Ac-H4 197 

protein levels in Figure 3B. P < 0.05*, P < 0.01**, P < 0.001*** and P < 0.0001**** (n = 3, t test). 198 

(E) Percentage of CD19
+
 cells in PB of the diseased mice on day 33 after the Ph

+
 B-ALL patient 199 

primary cells were xenografted (baseline leukemia burden, ). 200 

Supplementary Figure 2 PM showed anti-leukemia effects in Ph
+
 T315I mutation and Ph

+
 201 

wild type B-ALL mouse models, and the clinical information of primary cells of Ph
+
 B-ALL 202 

patient samples. (A) Photographs of vehicle and PM 5 mg/kg treatment groups of Ph
+
 T315I 203 

mutation B-ALL bearing mice, and the sizes of spleens from vehicle, PM 5 or 10 mg/kg group 204 

mice are shown. (B) H&E staining were used to analysis for spleens taken out from the vehicle, 205 

PM treatment groups of Ph
+
 T315I mutation B-ALL bearing mice. Vehicle mice showed severely 206 

leukemia cells infiltration and PM treatment mice shown normal pathological structure. Pictures 207 

were taken with (100×) magnification. (C) The tumor cells in PB and bone marrow were 208 

monitored via FACS after treatment was stopped. (D) Spleen and pleural effusion cells were taken 209 

out from the vehicle group mice, and treated with PM for 24 h in vitro, P < 0.0001**** (n = 3, t 210 

test), compared with control. (E) Kaplan-Meier survival curves of Ph
+ 

(WT) B-ALL bearing mice 211 
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treated with vehicle (n = 4) or PM (10 mg/kg, n = 4) are shown. 14 days after BMT, mice were 212 

divided into vehicle and PM treatment group with 15.9 ± 8.20% and 27.0 ± 9.62% GFP
+
B220

+
 213 

cells in PB, respectively. Mice were treated with vehicle or PM (10 mg/kg) via i.p. three times a 214 

week for four weeks. Difference in survival between PM and vehicle groups is highly significant, 215 

p < 0.0001**** (Mantel-Cox test). (F) The total white cells numbers and (G) GFP
+
B220

+
 216 

percentage in PB were analyzed weekly after PM treatment. Two weeks after PM treatment, FACS 217 

almost does not detect leukemia cells in PB. (H) Primary cells of Ph
+
 WT or T315I mutation 218 

B-ALL patient samples, the clinical information are summarized. (I) Patient #2 sample with 219 

IKZF1 deletion involving exons 4-7 was identified by PCR. WT IKZF1 has 8 exons, a common 220 

deletion involving exons 4-7 results in expression of the IKZF6. The forward primer is located on 221 

exon 2 and reverse primer is located on exon 8. The PCR product of IK6 is 255bp. 222 

Supplementary Figure 3 Toxicity studies of PM. (A) and (B) 4-week toxicity studies of PM on 223 

weight changes of SD rats and beagle dogs. SD rats and beagle dogs were intravenously injected 224 

with PM once every two days, three times a week, for 4 consecutive weeks and followed by a 4 225 

week recovery phase. Weight changes of SD rats in control (0.9% NaCl injection), PM 3, 10 and 226 

30 mg/kg groups were shown (dosing phase, n = 15/sex; recovery phase, n = 15/sex). Weight 227 

changes of beagle dogs in control (0.9 % NaCl injection), PM 0.3 and 1 mg/kg groups were shown 228 

(dosing phase, n = 5/sex; recovery phase, n = 5/sex). (C) H&E stain analysis of the sternal bone 229 

marrow, spleen, intestinal lymphoid tissue, mesenteric lymph node and cervical lymph node of the 230 

moribundity beagle dogs in 3 mg/kg group at end of dose. (D) Effect of the PM on hERG 231 

potassium channels. CHO cells were treated with PM at different concentrations (0, 0.41, 1.23, 232 

3.70, 11.1, 33.3 and 100 μM) for 24 hours (n ≥ 2). 233 

  234 
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