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Supplementary Materials and Methods 

Transfection of packaging cells and virus production 

The 293T/17 cells are a HEK293, human embryonic kidney-derived cell line, designed 

for rapid, transient production of ecotropic retrovirus (ATCC, Manassas, VA, USA). 

Prior to the day of transfection, packaging cells were split and seeded at 2.5·106 

cells/mL in a 10 cm Petri dish. Briefly, 2 hours preceding the transformation, culture 

medium was changed to Opti-MEM I Reduced Serum medium (Life Technologies, 

Carlsbad, CA, USA) without antibiotics. 10 µg of pMSCV-JAK2V617F-IRES-GFP vector  

(based on murine the JAK2 cDNA in a pMSCV backbone from Clontech, Mountain 

View, CA, USA) was mixed with 10 µg of pCL-ECO vector (Imgenex, San Diego, CA, 

USA) in a transfection mix made of 42 µL FuGene6 (Roche Diagnostics, Mannheim, 

Germany) and Opti-MEM medium (total volume 600 µL).  After 20 minutes of 

incubation the transfection mixture was added dropwise to the 293 packaging cells. Five 

to seven hours later, cells were rinsed and fresh medium was added (Opti-MEM I + 

10% FCS). Supernatant containing virions was harvested after 48 hours, filtered through 

a 0.45 µm filter  (Millipore, Billerica, MA, USA) and incubated with bone marrow cells 

in the presence of 8 µg/mL hexadimethyl bromide/polybrene (Sigma-Aldrich, St. Louis, 

MO, USA). 

 

Ba/F3 JAK2V617F and MB-02 cell culture 

Ba/F3 EpoR JAK2V617F-luc clone 8 were grown in RPMI medium supplemented with 

10 % FCS, 2 mM L-glutamine, 1 % v/v penicillin/streptomycin, 1 μg/ml puromycin  

and 100 μg/ml hygromycin B. MB-02 cells (kindly provided by Prof. Doris Morgan, 

Drexel University, Philadelphia, PA, USA) were cultured in RPMI medium 

supplemented with 10 % fetal calf serum (FCS), 2 mM L-glutamine, 1 % (v/v) 
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penicillin/streptomycin, 10 ng/ml GM-CSF, 10 ng/ml SCF and 10 mM sodium 

pyruvate.  

 

Histology and immunohistochemistry 

Sternum and spleen samples were collected, fixed in formalin, trimmed, embedded in 

paraffin and sectioned using a microtome. Briefly, the spleen was removed in total and 

weighed. On a dissection tray the spleen was cut transverse in two halves not to exceed 

3-4 mm in thickness and two equal pieces were taken from the middle parts using a 

scalpel. Spleen pieces were transferred into pre-labeled histo-cassettes and immersion-

fixed in neutral buffered formalin (NBF) 10% (v/v) at RT (pH 6.8-7.2) (J.T. Baker, 

Medite, Winter Garden, FL, USA). Fixative volume was at least ten fold in excess 

compared to tissue volume. Sterna were removed in total, fixed for 48 hours in 10% 

NBF at RT, then washed in PBS and decalcified in EDTA-Citric Acid buffer pH 7.5 

(Biocyc GmbH, Luckenwalde, Germany) for 3 x 24 hours at 37°C. After a final wash in 

PBS, the tissues were cut up and placed with the surface of interest downwards in a 

histo-cassette followed by processing in a TPC 15Duo (Tissue Processing Center, 

Medite) for paraffinization. From each tissue paraffin block several 3 µm thick sections 

were cut on a sliding or rotary microtome (Mikrom International AG, Switzerland), 

spread in a 45°C water-bath, mounted on microscope slides (Polysine, VWR 

International, Leuven, Belgium), and air-dried in an oven at 37°C overnight. Dry tissue 

section slides were taken out of the oven and placed in the slide rack of the linear stainer 

COT20 (Medite) for fully automated H&E or processed for immunohistochemistry 

(IHC) staining. For IHC, tissue section samples were stained with rabbit anti-

phosphorylated STAT5 (p-STAT5) antibody (#9359; Cell Signaling Technology) and 

rabbit anti-acetylated Histone H3 (#06-599; Millipore, MA, USA), coverslipped and air-
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dried as described above. Evaluation and quantification of immunostained nuclei was 

performed as follows: for each animal, 1 section per block of tissue sample was used for 

the evaluation. For p-STAT5 evaluation digital slide image data was generated from the 

glass slides using the Zeiss Mirax slide scanner (Scan Software version 1.12, Zeiss AG, 

Germany) at 20x final. Whole slide automated quantitative assessment of p-STAT5-

positive and -negative cell nuclei was performed using Definiens eCognition software 

(eCognition version XD 1.5, Definiens AG, Germany). The results were expressed as a 

percentage of p-STAT5 positive nuclei out of total nuclei. For histological evaluation, 

BM cellularity was evaluated as hypercellularity (3+), normocellularity (2+), and 

hypocellularity (1+). Splenic architecture was evaluated as destroyed (1+) or preserved 

(0). Presence of myeloid, erythroid and adipocytes cells was evaluated as 0, 1+, 2+, 3+ 

based on cellularity. Staining of acetylated histone H3 was scored as 1+, 2+, 3+ based 

on staining intensity and number of positive cells. Quantification of positive cells for 

cleaved Caspase-3 by immunohistochemistry was done using the Aperio Positive Pixel 

count algorithm. Briefly, slides were stained with the rabbit polyclonal cleaved 

Caspase-3 antibody (#9661; Cell Signaling Technology) at a dilution of 1:2000 (1 hour 

at room temperature). Sections were then stained by using the Rabbit OmniMAP kit 

polymer based (Ventana, #760-4311) for 4 minutes at room temperature, followed by a 

8 minutes treatment with DAB (Ventana, #760-124). Counterstaining of sections was 

done for 4 minutes at room temperature with Hematoxylin (Ventana, #760-2021), 

dehydration in graded alcohols and xylene, and mounting with Pertex followed 

thereafter. Once dried, slides were digitally scanned with the Aperio Scanscope XT, and 

then analyzed with the Aperio Positive Pixel Count algorithm: Briefly, the region of 

interest (only bone marrow) was drawn manually on each scanned section. Regions 

were then analyzed by using the Aperio Positive pixel count algorithm specific for DAB 
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staining. Percentage of strongly positive pixels per treatment group were then reported 

and compared. 

 

Measurement of retrovirally transduced JAK2V617F by quantitative PCR as a 

surrogate for the mutant allele burden  

To establish a quantitative PCR (qPCR)-based assay and generate a standard curve for 

the assessment of retrovirally transduced JAK2V617F as a mutant allele burden surrogate, 

Ba/F3 cells were infected with the pMSCV-JAK2V617F-IRES-GFP bearing virions 

described above. After 72 hours Ba/F3 cells transduced with JAK2V617F-IRES-GFP were 

sorted by FACS to enrich the fraction of GFP-positive cells (~97%). The transduced  

Ba/F3 cells (cultured in RPMI1640 supplemented with 10% FCS, 2 mM L-glutamine, 1 

% (v/v) penicillin/streptomycin and 5 ng/mL murine IL-3) were then mixed at defined 

ratios with parental non-transduced Ba/F3 cells (0%: 0 mL/10 mL; 10%: 1 mL/9 mL; 

20%: 2 mL/8 mL; 40%: 4 mL/6 mL; 60%: 6 mL/4 mL; 80%: 8 mL/2 mL; 100%: 10 

mL/0 mL), followed by isolation of RNA-free genomic DNA from a total of 2.5·106 

cells per ratio using the DNeasy Blood & Tissue kit (Qiagen, Hilden, Germany). Note 

that, in the process of generating the pMSCV-JAK2V617F-IRES-GFP vector, a stretch in 

the 3’UTR of the murine JAK2V617F cDNA (GATGGCCTTCACTCA) had been 

replaced with the corresponding human sequence stretch AATGACCTTCATTCT. This 

enabled specific amplification of the transduced murine JAK2V617F cDNA by real-time 

qPCR using the primer pair: GGATCAAATCCGGGACAGTA (forward primer) and 

GTCTCAGAATGAAGGTCATT (reverse primer). As a control and for normalization 

an intron of endogenous mouse JAK2 was amplified using the primer pair: 

TGTGCTGATGGGCAGAATAG (forward primer) and 

TCGATCAGTGCCACATCCTA (reverse primer). Concomitantly, genomic DNA was 
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amplified that had been isolated from bone marrow and spleen of mice treated with 

vehicle or drugs using the DNeasy Blood & Tissue Kit (Qiagen), accompanied by 

RNaseA (Qiagen) digestion. Signals for the human sequence stretch engineered into the 

3’UTR of retrovirally transduced mouse JAK2V617F and the mouse JAK2 intron were 

measured with SYBR Green I. The volume of each reaction was 10 μL per well (384-

well plate). For the mouse JAK2 intron and the human sequence stretch engineered into 

the 3’UTR of retrovirally transduced mouse JAK2V617F the mixture consisted of 1 μL of 

10 x reaction buffer, 0.7 μL MgCl2 (50 mM), 0.3 μL SYBR Green I, 0.4 μL dNTPs (5 

mM), 0.05μL Taq polymerase (5 U/μL) from qPCR Core Kit for SYBR Green I (RT-

SN10-05,  Eurogentec, Seraing, Belgium), 0.1 μL forward and reverse primer (100 

μM), respectively, and 50 ng gDNA in 2 μL. The ROX reference dye was present in the 

qPCR reaction buffer. qPCR was carried out on the ABI 7900HT Fast Real-Time PCR 

system (Applied Biosystems, SDS2.3 software). The reaction mixtures were incubated 

at 95°C for 10 minutes to activate HotGoldStar DNA polymerase, followed by 40 

cycles at 95°C for 15 seconds and 60°C for 1 minute. Samples were measured in 

triplicate. Cycle threshold (Ct) values were used to determine the relative amounts of 

retrovirally transduced mouse JAK2V617F and mouse JAK2 intron in the samples. Mean 

2-Ct values of retrovirally transduced mouse JAK2V617F were calculated and normalized 

to mean 2-Ct mouse JAK2 intron values. Normalized retrovirally transduced mouse 

JAK2V617F values were compared between samples from vehicle control and drug 

treated mice. A standard curve was constructed based on the gDNA from the Ba/F3 

cells by plotting the Cycle threshold (Ct) values against log ng gDNA. One of the 

samples was selected as a reference based on its JAK2 intron Ct value being most 

comparable to the mean JAK2 intron Ct value obtained from the gDNA of Ba/F3 cells 

used for the standard curve. The relative levels of retrovirally transduced JAK2V617F in 
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samples were then back-calculated with the help of the standard curve and the sample 

with the highest value was defined as 100%. Note that a limitation of the assay is that, 

in principle, it cannot distinguish between a signal from a few cells in samples carrying 

several viral integrations versus a signal in samples from many cells with only few viral 

integrations. 

  

Determining the concentrations of panobinostat and ruxolitinib in blood and tissues 

using quantitative ultra-performance liquid chromatography tandem mass 

spectrometry (UPLC/MS-MS) 

Concentrations of ruxolitinib and panobinostat in blood and tissues were determined 

simultaneously by UPLC/MS-MS. Tissues were homogenized in an equal volume of 

HPLC-Water (Water for chromatography, Merck) using the Fast Prep®-24 system 

(M.P. Biomedicals, Irvine, CA, USA). Following addition of 25 µL of internal standard 

mixture (1 µg/mL) to analytical aliquots (25 µL) of blood or tissues homogenate the 

proteins were precipitated by the addition of 200 µL acetonitrile. The supernatants were 

transferred into fresh vials. After evaporation to dryness the samples were re-dissolved 

in 60 µL acetonitrile/ water (1/1 v/v). An aliquot (5 µL) of this solution was separated 

on a ACQUITY UPLC BEH C18 column (Waters™ 1.7 µm particle size, 2.1 x 50 mm) 

with a mobile phase consisting of a mixture of 0.1% formic acid in water (solvent A) 

and 0.1% formic acid in acetonitrile (solvent B). Gradient programming was used with a 

flow rate of 600 µL/min. After equilibration with 95% solvent A, 5 µL of sample was 

injected. Following a latency period of 0.25 minutes, the sample was eluted with a 

linear gradient of 5-100% solvent B over a period of 0.65 minutes, followed by 0.35 

minutes hold. The column was prepared for the next sample by re-equilibrating over 

0.25 minutes to the starting conditions. The column eluent was directly introduced into 
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the ion source of the triple quadrupole mass spectrometer TQD™ (Waters Corporation, 

Milford, MA, USA) controlled by Masslynx™ 4.1 software. Electrospray positive 

ionization (ESI +) multiple reaction monitoring was used for the MS/MS detection of 

the analyte. Precursor to product ion transitions of 307.0 --> m/z 186.0 for ruxolitinib, 

and m/z 325.0 --> m/z 186.0 for internal standard NVP-CCH948 were used. 

Simultaneously, precursor to product ion transitions of 350.1 --> m/z 142.9 for 

panobinostat, and m/z 354.05 --> m/z 144.0 for internal standard NVP-LBF848 were 

recorded. The limit of quantification (LOQ) for both compounds was set to 9 ng/mL and 

9 ng/g for blood and tissues, respectively (CV and overall bias less than 30%). 

Regression analysis and further calculations were performed using QuanLynx™ 4.1 

(Micromass) and Excel™ 2007 (Microsoft). Concentrations of unknown samples were 

back-calculated based on the peak area ratios of analyte/internal standard from a 

calibration curve constructed using calibration samples spiked in blank blood or tissue 

obtained from animals treated with vehicle. 

 

Supplementary Tables 

Supplementary Table S1. Activity and tolerability of ruxolitinib (RUX) and 

panobinostat (PAN), alone and in combination, in a mouse model of Ba/F3 

JAK2V617F cells-driven leukemic disease.  

Treatment 

Mean change bio-
luminescesnce 
(photons/sec)   

day 11 

Fold increase 
in bio-

luminescence 
T/C (%) 

Spleen 
weight (mg) 

Δ Body 
weight (%) 

Survival 

D5W i.p. + 
0.5% HPMC 

p.o. 
2.51·109 ± 5.7·108 1767±279 100 183.7±18.1 1.12±0.96 7/7 

PAN 4 
mg/kg i.p. 

3qw 
6.71·108 ± 1.69·108 481±83* 27 105.3±19.6 -1.36±0.97 7/7 

PAN 8 
mg/kg i.p. 

3qw 
4.50·108 ± 1.67·107 351±48* 20 107.4±20.5 -1.01±1.30 7/7 

PAN 12 
mg/kg i.p. 

3qw 
3.11·108 ± 1.20·108 204±51* 11 94.1±17.6* -3.15±1.23 7/7 

RUX 60 9.86·108 ± 2.05·108 717±137* 40 76.4±17.0* 3.56±1.21 7/7 
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mg/kg p.o. 
bid 

RUX 60 
mg/kg + 
PAN 4 
mg/kg 

5.41·108 ± 8.67·107 388±48* 22 59.0±10.0* -2.55±1.38† 7/7 

RUX 60 
mg/kg + 
PAN 8 
mg/kg 

3.61·108 ± 5.02·107 267±31*† 15 45.7±5.6*‡ -2.22±0.92† 7/7 

RUX 60 
mg/kg + 
PAN 12 
mg/kg 

7.3·107 ± 1.54·107 52±9*†‡ 3 40.8±6.1*‡ -4.10±1.58*† 7/7 

SCID beige mice were intravenously inoculated with Ba/F3 JAK2V617F-luc cells. On day 

4 post-cell injection mice were randomized and treated with vehicle, panobinostat at 4, 

8 and 12 mg/kg i.p. on a M/W/F dosing schedule, alone or in combination, with 

ruxolitinib at a dose of 60 mg/kg p.o. bid for 7 days. The table summarizes the mean 

change and fold increase in bioluminscence, % T/C (mean fold increase of 

bioluminescence of treated animals (T) divided by the mean fold increase of 

bioluminescence of control animals (C) multiplied by 100), spleen weight, % change in 

body weight as well as survival observed in the different treatment groups at the end of 

the study. *p<0.05 versus vehicle treated group, †p<0.05 versus ruxolitinib treated 

animals, ‡p<0.05 versus panobinostat treated animals at the same dose. 

 

Supplementary Table S2. Levels of panobinostat (PAN) and ruxolitinib (RUX) in 

blood and tissues post-final dose in a mouse model of Ba/F3 JAK2V617F cells-driven 

leukemic disease. 

 Blood (μmol/L) Spleen (nmol/g) Liver (nmol/g) BM (nmol/g) 
Treatment RUX PAN RUX PAN RUX PAN RUX PAN

PAN 4 
mg/kg 

- BLQ - 
1.40 ± 
0.19 - 

0.18 ± 
0.02 - 

3.34 ± 
0.35

PAN 8 
mg/kg 

- BLQ - 
2.07 ± 
0.20 - 

0.25 ± 
0.03 - 

3.17 ± 
0.36

PAN 12 
mg/kg 

- BLQ - 
3.64 ± 
0.53 - 

0.63 ± 
0.13 - 

7.32 ± 
1.44

RUX 60 
mg/kg 

1.96 ± 
0.33 

- 
1.28 ± 
0.28 - 

4.54 ± 
1.38 - 

1.40 ± 
0.65 

- 

RUX 60 
mg/kg + 
PAN 4 
mg/kg 

2.78 ± 
0.46 

0.02 ± 
0.01 

1.15 ± 
0.19 

2.80 ± 
0.37 

3.49 ± 
0.54 

0.30 ± 
0.05 

2.59 ± 
0.61 

6.15 ± 
0.61 

RUX 60 
mg/kg + 
PAN 8 
mg/kg 

2.23 ± 
0.35 

0.03 ± 
0.00 

1.02 ± 
0.19 

3.02 ± 
0.25 

2.91 ± 
0.40 

0.32 ± 
0.02 

1.92 ± 
0.33 

8.43 ± 
0.94 
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RUX 60 
mg/kg + 
PAN 12 
mg/kg 

2.72 ± 
0.58 

0.02 ± 
0.01 

1.61 ± 
0.44 

4.51 ± 
0.57 

3.87 ± 
0.99 

0.71 ± 
0.03 

2.29 ± 
0.29 

9.81 ± 
1.17 

SCID beige mice were intravenously inoculated with Ba/F3 JAK2V617F-luc cells. On day 

4 post-cell injection mice were randomized and treated with vehicle, panobinostat at 4, 

8 and 12 mg/kg i.p. on a M/W/F dosing schedule, alone or in combination, with 

ruxolitinib at a dose of 60 mg/kg p.o. bid for 7 days. Mice were given a last dose and 

sacrificed 2 hours later. Blood, spleen, liver and bone marrow were sampled, and levels 

of panobinostat and ruxolitinib were determined using quantitative ultra-performance 

liquid chromatography tandem mass spectrometry. Values represent means±SEM, 

n=7/group. BM: Bone marrow. BLQ: Below the limit of quantification.  

 

Supplementary Table S3. Exposure to panobinostat (PAN) and ruxolitinib (RUX) 

in blood and tissues in a mouse model of Ba/F3 JAK2V617F cells-driven leukemic 

disease. 

Treatment AUC 
Blood 

(h·μmol/L) 
Spleen 

(h·nmol/g) 
Liver 

(h·nmol/g) 
BM 

(h·nmol/g) 

PAN 8 mg/kg 
AUClast (tau) n.a. 35.20 7.90 38.51 

AUClast (tau) d.n. n.a. 4.46 1.00 4.85 

PAN 12 mg/kg AUClast (tau) n.a. 73.39 13.22 52.87 
AUClast (tau) d.n. n.a. 6.17 1.11 4.44 

RUX 60 mg/kg 
AUClast (tau) 15.48 5.02 13.08 6.42 

AUClast (tau) d.n. 0.26 0.08 0.22 0.11 
PAN in RUX 60 
mg/kg + PAN 8 

mg/kg 

AUClast (tau) n.a. 45.70 10.11 83.68 

AUClast (tau) d.n. n.a. 5.78 1.28 10.59 

PAN in RUX 60 
mg/kg + PAN 12 

mg/kg 

AUClast (tau) n.a. 51.95 11.04 60.84 

AUClast (tau) d.n. n.a. 4.37 0.93 5.11 

RUX in RUX 60 
mg/kg + PAN 8 

mg/kg 

AUClast (tau) 12.62 4.35 10.18 4.52 

AUClast (tau) d.n. 0.21 0.07 0.17 0.08 

RUX in RUX 60 
mg/kg + PAN 12 

mg/kg 

AUClast (tau) 14.53 6.64 21.52 4.77 

AUClast (tau) d.n. 0.24 0.11 0.36 0.08 

In a repeat experiment, SCID beige mice were intravenously inoculated with Ba/F3 

JAK2V617F-luc cells. On day 4 post-cell injection mice were randomized and treated 

with vehicle, panobinostat at 8 and 12 mg/kg i.p. on a M/W/F dosing schedule, alone or 

in combination, with ruxolitinib at a dose of 60 mg/kg p.o. bid for 7 days. 0, 1, 4 and 8 

hours after the last dose, 2 animals per time point in the respective groups were 
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sacrificed and blood, spleen, liver and bone marrow were sampled. Note that 0 hour 

time point animals had received the last dose the previous day. Levels of panobinostat 

and ruxolitinib were determined using quantitative ultra-performance liquid 

chromatography tandem mass spectrometry. AUC: Area under the curve. BM: Bone 

marrow. d.n.: Dose-normalized. Tau: Dosing interval. 

 

Supplementary Table S4. Levels of panobinostat (PAN) and ruxolitinib (RUX) in 

blood and tissues post-final dose in a mouse model of JAK2V617F-driven MPN-like 

disease.  

 Blood (μmol/L) Spleen (nmol/g) Liver (nmol/g) BM (nmol/g) 
Treatment RUX PAN RUX PAN RUX PAN RUX PAN 

PAN 8 
mg/kg 

- 
0.035 ± 
0.010 - 

10.045 ± 
1.674 - 

0.264 ± 
0.045 - 

2.704 ± 
0.345

RUX 60 
mg/kg 

8.176 ± 
1.584 - 2.566 ± 

0.346 - 6.537 ± 
1.071 - 2.223 ± 

0.19 - 
RUX 60 
mg/kg + 
PAN 8 
mg/kg 

4.114 ± 
0.979 

0.006 ± 
0.004 

1.575 ± 
0.312 

15.317 ± 
1.387 

3.568 ± 
0.730 

0.33 ± 
0.039 

1.469 ± 
0.318 

4.398 ± 
0.413 

Balb/c mice transplanted with mouse JAK2V617F expressing bone marrow and 

displaying a PV-like phenotype received either vehicle, panobinostat at 8 mg/kg i.p. 

M/W/F, ruxolitinib at 60 mg/kg p.o. bid, or the combination of panobinostat with 

ruxolitinib for 21 consecutive days. Mice were sacrificed 2 hours after the last dose. 

Blood, spleen, liver and bone marrow were sampled, and levels of panobinostat and 

ruxolitinib were determined using quantitative ultra-performance liquid chromatography 

tandem mass spectrometry. BM: Bone marrow. Values represent means±SEM, 

n=9/group.  

 

Supplementary Table S5. Exposure to panobinostat (PAN) and ruxolitinib (RUX) 

in blood and tissues in a mouse model of JAK2V617F-driven MPN-like disease. 

Treatment AUC 
Blood 

(h·μmol/L) 
Spleen 

(h·nmol/g) 
Liver 

(h·nmol/g) 
BM 

(h·nmol/g) 

PAN 8 mg/kg 
AUClast (tau) 1.16 38.20 1.06 6.76 

AUClast (tau) d.n. 0.14 4.78 0.13 0.85 
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RUX 60 mg/kg 
AUClast (tau) 8.86 5.62 9.32 0.78 

AUClast (tau) d.n. 0.14 0.09 0.16 0.01 
PAN in RUX 60 
mg/kg + PAN 8 

mg/kg 

AUClast (tau) 0.88 44.74 1.46 9.43 

AUClast (tau) d.n. 0.11 5.59 0.18 1.18 

RUX in RUX 60 
mg/kg + PAN 8 

mg/kg 

AUClast (tau) 11.12 13.97 22.57 2.62 

AUClast (tau) d.n. 0.19 0.23 0.38 0.04 

In a repeat experiment, Balb/c mice transplanted with mouse JAK2V617F expressing 

bone marrow and displaying a PV-like phenotype received either vehicle, panobinostat 

at 8 mg/kg i.p. M/W/F, ruxolitinib at 60 mg/kg p.o. bid, or the combination of 

panobinostat with ruxolitinib for 21 consecutive days. 0, 1, 4 and 8 hours after the last 

dose, 2 animals per time point in the respective groups were sacrificed and blood, 

spleen, liver and bone marrow were sampled. Note that 0 hour time point animals had 

received the last dose the previous day. Levels of panobinostat and ruxolitinib were 

determined using quantitative ultra-performance liquid chromatography tandem mass 

spectrometry. AUC: Area under the curve. BM: Bone marrow. d.n.: Dose-normalized. 

Tau: Dosing interval. 

 

Supplementary Figures 

 

Supplementary Figure S1. Tolerability of ruxolitinib (RUX) and panobinostat 

(PAN), alone and in combination, in a mouse model of Ba/F3 JAK2V617F cells-

driven leukemic disease. SCID beige mice were intravenously inoculated with Ba/F3 
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JAK2V617F-luc cells. On day 4 post-cell injection mice were randomized and treated 

with vehicle, panobinostat at 4, 8 and 12 mg/kg i.p. on a M/W/F dosing schedule, alone 

or in combination, with ruxolitinib at a dose of 60 mg/kg p.o. bid for 7 days. The graph 

depicts the change in body weight as a percentage of initial body weight at the start of 

treatment (mean±SEM). *p<0.05 versus vehicle treated animals (one-way ANOVA 

followed by post hoc Dunnett’s test), †p<0.05 versus ruxolitinib on last day (one-way 

ANOVA followed by post-hoc Tukey’s test). Similar results were obtained in an 

independent experiment. 
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Supplementary Figure S2. Modulation of aberrant JAK2/STAT5 signaling in vitro 

and in vivo following treatment with ruxolitinib (RUX) and panobinostat (PAN), 

alone and in combination. (A) SCID beige mice were intravenously inoculated with 

Ba/F3 JAK2V617F-luc cells. On day 4 post-cell injection mice were randomized and 

treated with vehicle, panobinostat at 4, 8 and 12 mg/kg i.p. on a M/W/F dosing 

schedule, alone or in combination, with ruxolitinib at a dose of 60 mg/kg p.o. bid for 7 

days. Bone marrow sections were stained for detection of p-STAT5 by automated 

quantitative IHC assessment. Bar graphs depict % p-STAT5-positive nuclei 

(means±SEM, n=6-7/group). *p<0.05 versus vehicle treated group. (B) Ba/F3 

JAK2V617F-luc cells were treated in cell culture with either 300 nM RUX, 20 nM PAN, 

or both drugs combined, and extracted after 24 hours for Western blot analysis of JAK2, 

STAT5 Y694 phosphorylation, STAT5, PARP (cleaved PARP is depicted by 

arrowhead) and beta-tubulin. GAPDH was probed for as a loading control. (C) Human 

JAK2V617F-mutant MB-02 cells were treated in culture as described above for the Ba/F3 

JAK2V617F-luc cells, except that the concentration of PAN was 5 nM. (D) Bone marrow 

samples described in (A) were stained for cleaved caspase-3 by immunohistochemistry. 

Cells staining positive for cleaved caspase-3 by immunohistochemistry were quantified 

using the Aperio Positive Pixel count algorithm. *p<0.05 panobinostat 12 mg/kg versus 

vehicle, panobinostat 4 mg/kg, ruxolitinib, or all combination treated groups, **p<0.05 

panobinostat 12 mg/kg versus vehicle, panobinostat 4 mg/kg, or ruxolitinib treated 

group, ***p<0.05 all combination treated groups versus vehicle. 
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Supplementary Figure S3. Efficacy and tolerability of ruxolitinib (RUX) in a 

mouse model of JAK2V617F-driven MPN-like disease. Balb/c mice transplanted with 

mouse JAK2V617F expressing bone marrow and displaying a PV-like phenotype received 

either vehicle or ruxolitinib given at 30, 60, and 90 mg/kg p.o. bid for 21 consecutive 

days. Animals were sacrificed on day 48 (half of the groups) and on day 49 (second half 

of the groups) post-bone marrow transplant. (A) Change in body weight (up to day 48) 

at sacrifice depicted as means±SEM (n=8/group). *p<0.05 versus vehicle treated group 

(one-way ANOVA followed by Dunnett’s test or Tukey’s test on log10 transformed 

values for spleen weight). Hct (B) and platelet count (C) post-therapy. Shaded areas 

depict historic ranges of non-transplanted Balb/c female mice. *p<0.05 versus vehicle-

treated group (one-way ANOVA followed by Dunnett’s test). Results are depicted as 
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means±SEM (n=6-8/group). Similar results were obtained in an independent 

experiment. 

 

 

Supplementary Figure S4. Modulation of STAT5 phosphorylation in spleen and 

bone marrow following treatment with ruxolitinib (RUX) in a mouse model of 

JAK2V617F-driven MPN-like disease. Balb/c mice transplanted with mouse JAK2V617F 

expressing bone marrow and displaying a PV-like phenotype received either vehicle or 

ruxolitinib given at 30, 60, and 90 mg/kg p.o. bid for 21 consecutive days. Cohorts of 

animals were sacrificed either 2 or 12 hours after the last dose and spleen and bone 

marrow (sternum) samples were processed for pharmacodynamic marker analysis. 

Tissue sections were stained for detection of p-STAT5 by automated quantitative IHC 
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assessment. Bar graphs depict % p-STAT5-positive nuclei (means±SEM, n=4/group). 

*p<0.05 versus vehicle treated group. 

 

 

Supplementary Figure S5. Histological analysis following treatment with 

ruxolitinib (RUX) in a mouse model of JAK2V617F-driven MPN-like disease. Balb/c 

mice transplanted with mouse JAK2V617F expressing bone marrow and displaying a PV-

like phenotype received either vehicle or ruxolitinib given at 30, 60, and 90 mg/kg p.o. 
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bid for 21 consecutive days. Spleen and bone marrow (sternum) were sampled and 

fixed. (A) Upper panels: Representative H&E images of spleen sections from mice that 

had either received vehicle or ruxolitinib at the indicated dose levels (scale bar: 1 mm). 

Lower panels: Representative H&E images of sternum sections from mice that had 

either received vehicle or ruxolitinib at the indicated dose levels (scale bar: 200 μm). 

(B) Representative silver impregnation stainings of sternum sections from mice that had 

either received vehicle or ruxolitinib at the indicated dose levels. Reticulin fibers are 

visible as fine black streaks in the sections. Scale bar: 50 μm. 

 

 

Supplementary Figure S6. Efficacy and tolerability of panobinostat (PAN) in a 

mouse model of JAK2V617F-driven MPN-like disease. Balb/c mice transplanted with 

mouse JAK2V617F expressing bone marrow and displaying a PV-like phenotype received 
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either vehicle or panobinostat given at 4, 8, and 12 mg/kg i.p. M/W/F for 19 consecutive 

days. (A) Change in body weight at time of sacrifice depicted as means±SEM (n=6-

8/group; 2 animals (on day 9 and 10) in the 4 mg/kg arm, and 1 in the 12 mg/kg arm (on 

day 14) had to be sacrificed due to poor animal condition). (B) Hct and platelet count 

(C) post-therapy. Shaded areas depict historic ranges of non-transplanted Balb/c female 

mice. *p<0.05 (one-way ANOVA followed by Dunnett’s test (versus vehicle-treated 

group) or Tukey’s test for multiple comparisons). Similar results were obtained in an 

independent experiment. 

 

 

Supplementary Figure S7. Modulation of protein acetylation and acetylated 

histone H3 in spleen and bone marrow, respectively, following treatment with 
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panobinostat (PAN) in a mouse model of JAK2V617F-driven MPN-like disease. 

Balb/c mice transplanted with mouse JAK2V617F expressing bone marrow and 

displaying a PV-like phenotype received either vehicle or panobinostat given at 4, 8, 

and 12 mg/kg i.p. M/W/F for 19 consecutive days. Cohorts of animals were sacrificed 2 

hours after the last dose. (A) Spleen samples were extracted and protein acetylation 

(using an antibody directed toward acetylated lysine residues), β-tubulin, as well as 

GAPDH were assessed by Western blotting. (B) Acetylated histone H3 was detected by 

immunohistochemistry on bone marrow (sternum) sections. Scale bar: 50 μm. 

 

 

Supplementary Figure S8. Histological analysis following treatment with 

panobinostat (PAN) in a mouse model of JAK2V617F-driven MPN-like disease. 

Balb/c mice transplanted with mouse JAK2V617F expressing bone marrow and 

displaying a PV-like phenotype received either vehicle or panobinostat given at 4, 8, 

and 12 mg/kg i.p. M/W/F for 19 consecutive days. Bone marrow (sternum) was 

sampled and fixed. (A) Representative H&E images of bone marrow sections from mice 
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that had either received vehicle or panobinostat at the indicated dose levels (scale bar: 

200 μm). (B) Representative silver impregnation stainings of sternum sections from 

mice that had either received vehicle or panobinostat at the indicated dose levels. 

Reticulin fibers are visible as fine black streaks in the sections. Scale bar: 50 μm. 

 

 

Supplementary Figure S9. Efficacy and tolerability of ruxolitinib (RUX) and 

panobinostat (PAN), alone and in combination, in a mouse model of JAK2V617F-

driven MPN-like disease. Balb/c mice transplanted with JAK2V617F expressing bone 

marrow and displaying a PV-like phenotype received vehicle (D5W + HPMC 0.5%), 

panobinostat at 8 mg/kg i.p. M/W/F, ruxolitinib at 60 mg/kg p.o. bid, or the 

combination of panobinostat with ruxolitinib for 21 consecutive days. (A) Change in 

spleen weight at time of sacrifice depicted as means±SEM (n=9/group). (B) Hct and and 
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platelet count (C) post-therapy. Shaded areas depict historic ranges, and means of non-

transplanted Balb/c female mice. *p<0.05 versus vehicle-treated group or single agent 

(one-way ANOVA followed by Dunnett’s test or Tukey’s test on log-transformed 

values for PLT count, n=7-9/group). Similar results were obtained in an independent 

experiment. 
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Supplementary Figure S10. Impact of ruxolitinib (RUX) and panobinostat (PAN), 

alone and in combination, on relative levels of retrovirally transduced JAK2V617F in 

a mouse model of JAK2V617F-driven MPN-like disease. Balb/c mice transplanted with 

mouse JAK2V617F expressing bone marrow and displaying a PV-like phenotype received 

either vehicle, panobinostat at 8 mg/kg i.p. M/W/F, ruxolitinib at 60 mg/kg p.o. bid, or 

the combination of panobinostat with ruxolitinib for 21 consecutive days. Bone marrow 

and spleens were sampled and genomic DNA was isolated, followed by amplification of 

JAK2V617F that had been retrovirally transduced and of endogenous JAK2 by 

quantitative PCR. The relative levels of retrovirally transduced JAK2V617F in bone 

marrow (upper panel) and spleen (lower panel) samples were then back-calculated with 

the help of a standard curve and the sample with the highest value was defined as 100%. 

The bone marrow and spleen plots depict the relative levels of retrovirally transduced 

JAK2V617F determined for each mouse and the means of the respective groups ± SEM. 

*Statistically significant versus vehicle-treated group (p<0.05) by Dunn’s test. 
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Supplementary Figure S11. Histological analysis following treatment with 

ruxolitinib (RUX) and panobinostat (PAN), alone and in combination, in a mouse 

model of JAK2V617F-driven MPN-like disease. Balb/c mice transplanted with mouse 

JAK2V617F expressing bone marrow and displaying a PV-like phenotype received either 

vehicle, panobinostat at 8 mg/kg i.p. M/W/F, ruxolitinib at 60 mg/kg p.o. bid, or the 

combination of panobinostat with ruxolitinib for 21 consecutive days. Spleen and bone 

marrow (sternum) were sampled and fixed. (A) Upper panels: Representative H&E 

images of spleen sections from mice that had either received vehicle, panobinostat, 

ruxolitinib or panobinostat + ruxolitinib (scale bar: 1 mm). Middle panels: 

Representative H&E images of bone marrow (sternum) sections from mice that had 

either received vehicle, panobinostat, ruxolitinib or panobinostat + ruxolitinib (scale 

bar: 200 μm). Lower panels: Mean histology scores for spleen and bone marrow from 

the respective treatment groups (n=5-8/group). Abbreviations: Myeloid cells (Myelo), 

erythroid cells (Erythro), megakaryocytes (MK), adipocytes (Adipo). *p<0.05 versus 

vehicle treated group. (B) Representative silver impregnation stainings of sternum 

sections from mice that had either received vehicle, panobinostat, ruxolitinib or 

panoboinostat and ruxolitinib. Reticulin fibers are visible as fine black streaks in the 

sections. Scale bar: 50 μm. (C) Bone marrow (sternum) sections were stained for 

cleaved caspase-3 by immunohistochemistry, and cells staining positive for cleaved 

caspase-3 were quantified using the Aperio Positive Pixel count algorithm. *p<0.05 

panobinostat versus vehicle treated group. 


