Myeloproliferative Neoplasms

Ruxolitinib in combination with prednisone and nilotinib exhibit
synergistic effects in human cells lines and primary cells from
myeloproliferative neoplasms
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ID Dx JAK2 Age Dx Sex Treatment Previous treatments
P02 PV-MF V617F 83 Male Ruxolitinib Hydrea

P03 TE-MF wt 73 Male Ruxolitinib Hydrea, melfalan
PO5 TE-MF wt 70 Male Anagrelide

PO8 PV-MF V617F 80 Female Ruxolitinib

P09 PV-MF V617F 49 Female  Hydrea+INF Ruxolitinib

P24 MFP  V617F 58 Female Ruxo+BKM120 Ruxolitinib, hydrea
P25 MFP  V617F 83 Male Hydrea+EPO

P26 TE-MF wt 72 Male Hydrea

P31 MFP V617F 61 Female Hydrea

Supplementary table 1: Description of the patients used in the drug screening assay. ID:

identification code; Dx: diagnosis.



ID Dx JAK2 Age Dx Sex

P03 ET-MF wt 73 Male
P05 ET-MF wt 71 Male
P06 PMF wt 70 Male
P07 PMF V617F 54 Male
P08 PV-MF V617F 80 Female
P09 PV-MF V617F 49 Female

P14 PMF V617F 62 Male

P20 PMF wt 46 Male
P24 PMF V617F 59 Female
P26 ET-MF wt 72 Male

P29 PMF wt 63 Male

Supplementary table 2: Description of the patients used in the dose response curves (all) and
synergy analysis (grease) of ruxolitinib, nilotinib and prednisolone. ID: identification code; Dx:
diagnosis.



Supplementary Table 3: Rationale of drugs tested in screening: We tested several

drugs related to signaling pathways and the fibrosis process, and other drugs used in

the treatment of myeloproliferative neoplasm.

Drug

Nilotinib

It is used to treat chronic myeloid leukemia (CML), has been shown to
efficiently eliminate CD34+ cells in combination with ruxolitinib (1) and can
decrease the expression of collagen | (2), two important characteristics for
decreasing pathological cells and achieving histological response in
myelofibrosis.

Midostaurin

It has been shown that FLT3 has a role in the dysregulation of
megakaryopoiesis in an inflammatory context (3), a process related to
myelofibrosis physiopathology. For this reason, it is interesting to study the
combination of a FLT3 inhibitor, such as midostaurin, with ruxolitinib, a JAK2
inhibitor.

Bosutinib

It is @ member of the so-called “second-generation” BCR-ABL inhibitors for
CML; it is also an SRC inhibitor. Interestingly, a gain-of-function mutation of
SRC causes myelofibrosis (4).

Sorafenib

In a previous work, it showed a strong synergy with ruxolitinib in chronic
myeloproliferative neoplasm (5).

Buparlisib
dactolisib
everolimus

PI3K signaling is important in both normal and PV erythroid differentiation (6),
so it seems interesting to introduce PI3K inhibitors such as buparlisib and
dactolisib. Furthermore, several kinases from PI3K signaling are constitutively
phosphorylated in NMPc (6).

LCL161

It is an SMAC mimetic, increases apoptosis induced by chemotherapy in a TNF-
a-dependent manner (8), so it is a good candidate for a combination therapy.
Moreover, interestingly, myelofibrosis is characterized by increasing levels of
inflammatory cytokines, such as TNF-a among others (9).

Bortezomib

It is a proteasome inhibitor, inhibits the degradation of proteins related to cell
cycle regulation inducing cell death. Moreover, it blocks the degradation of IkB
among others, preventing the action of NFkB, which induced the expression of
TGF-B1 (10), implicated in bone marrow fibrosis in myelofibrosis.

Danazol

It is well known that danazol achieves an anemic response in myelofibrosis
(11) patients and could counteract the hematologic toxicity of ruxolitinib.

Prednisone

Prednisone is used to improve anemia and thrombocytopenia in myelofibrosis
(12) and, interestingly, it has been shown that prednisone can decrease levels
of TGF- and prevent collagen accumulation (13)

Anagrelide

It is used to treat thrombocytopenia in myeloproliferative neoplasms, but, the
most interesting thing is that it can prevent maturation of megakaryocytes
(14), one of those responsible for the increase of TGF-B levels, which produces
fibrosis in bone marrow in myelofibrosis (15).

References

1. Gallipoli P, Cook A, Rhodes S, Hopcroft L, Wheadon H, Whetton AD, et al. JAK2/STATS
inhibition by nilotinib with ruxolitinib contributes to the elimination of CML CD34+ cells
in vitro and in vivo. Blood. 2014 Aug 28;124(9):1492-501.




10.

11.

12.

13.

14.

Akhmetshina A, Dees C, Pileckyte M, Maurer B, Axmann R, Jiingel A, et al. Dual
inhibition of c-abl and PDGF receptor signaling by dasatinib and nilotinib for the
treatment of dermal fibrosis. FASEB J. 2008 Jul 28;22(7):2214-22.

Desterke C, Bilhou-Nabera C, Guerton B, Martinaud C, Tonetti C, Clay D, et al. FLT3-
Mediated p38-MAPK Activation Participates in the Control of Megakaryopoiesis in
Primary Myelofibrosis. Cancer Res [Internet]. 2011 Apr 15 [cited 2018 Jun
12];71(8):2901-15. Available from:

Turro E, Greene D, Wijgaerts A, Thys C, Lentaigne C, Bariana TK, et al. A dominant gain-
of-function mutation in universal tyrosine kinase SRC causes thrombocytopenia,
myelofibrosis, bleeding, and bone pathologies. Sci Transl Med [Internet]. 2016 Mar 2
[cited 2018 Jun 12];8(328):328ra30-328ra30.

Barrio S, Gallardo M, Arenas A, Ayala R, Rapado |, Rueda D, et al. Inhibition of related
JAK/STAT pathways with molecular targeted drugs shows strong synergy with
ruxolitinib in chronic myeloproliferative neoplasm. Br J Haematol [Internet]. 2013 Jun
[cited 2018 Mar 11];161(5):667-76.

Bartalucci N, Guglielmelli P, Vannucchi AM. Rationale for targeting the PI3K/Akt/mTOR
pathway in myeloproliferative neoplasms. Clin Lymphoma Myeloma Leuk. 2013 Sep;13
Suppl 2(SUPPL. 2):5307-9.

Tibes R, Mesa RA. Targeting hedgehog signaling in myelofibrosis and other hematologic
malignancies. ] Hematol Oncol [Internet]. 2014 Mar 5 [cited 2018 Jun 12];7(1):18.

Probst BL, Liu L, Ramesh V, Li L, Sun H, Minna JD, et al. Smac mimetics increase cancer
cell response to chemotherapeutics in a TNF-a-dependent manner. Cell Death Differ
[Internet]. 2010 Oct [cited 2018 Jun 13];17(10):1645-54.

Kleppe M, Kwak M, Koppikar P, Riester M, Keller M, Bastian L, et al. JAK-STAT pathway
activation in malignant and nonmalignant cells contributes to MPN pathogenesis and
therapeutic response. Cancer Discov [Internet]. 2015 Mar 1 [cited 2018 Jun
13];5(3):316-31.

Rameshwar P, Narayanan R, Qian J, Denny TN, Colon C, Gascon P. NF-kappa B as a
central mediator in the induction of TGF-beta in monocytes from patients with
idiopathic myelofibrosis: an inflammatory response beyond the realm of homeostasis. J
Immunol [Internet]. 2000 Aug 15 [cited 2018 Jun 13];165(4):2271-7.

Cervantes F, Isola IM, Alvarez-Larran A, Hernandez-Boluda J-C, Correa J-G, Pereira A.
Danazol therapy for the anemia of myelofibrosis: assessment of efficacy with current
criteria of response and long-term results. Ann Hematol [Internet]. 2015 Nov 28 [cited
2018 Jun 18];94(11):1791-6.

Hernandez-Boluda J-C, Martinez-Trillos A, Garcia-Gutiérrez V, Ferrer-Marin F, Xicoy B,
Alvarez-Larran A, et al. Long-term results of prednisone treatment for the anemia of
myelofibrosis. Leuk Lymphoma [Internet]. 2016;57(1):120-4.

Hartel J V, Granchelli JA, Hudecki MS, Pollina CM, Gosselin LE. Impact of prednisone on
TGF-betal and collagen in diaphragm muscle from mdx mice. Muscle Nerve [Internet].
2001 Mar [cited 2018 Jun 18];24(3):428-32.

Espasandin YR, Glembotsky AC, Grodzielski M, Lev PR, Goette NP, Molinas FC, et al.
Anagrelide platelet-lowering effect is due to inhibition of both megakaryocyte



15.

maturation and proplatelet formation: insight into potential mechanisms. J Thromb
Haemost [Internet]. 2015 Apr [cited 2018 Jun 18];13(4):631-42.

Agarwal A, Morrone K, Bartenstein M, Zhao ZJ, Verma A, Goel S. Bone marrow fibrosis
in primary myelofibrosis: pathogenic mechanisms and the role of TGF-B. Stem cell
Investig [Internet]. 2016;3:5.



Emax (% SUPERVIV.) ECso (M) AUC

MODEL A 9.3 (1.9-20.7) 0.043 (0.023-0.140) 256.6 (237.6-323.0)

MODEL B 54.3 (39.8-67.2) 0.747 (0.054-5.852) 446.2 (430.2-484.6)

Supplementary Table 4: Ruxolitinib activity in ex vivo model A and B: Median (interquartilic
range) of Emax, ECso and area under curve (AUC).



BA/F3 JAK2 V617F EC,, (M) Emax (% Survival)
Drugs Mean SD Mean SD
Panobinostat 0.041 0.001 0.0 0.0
Bortezomib 0.041 0.001 0.0 0.0
HSP990 0.045 0.008 4.0 5.2
BEZ235 0.153 0.154 23.7 8.1
Midostaurin 0.374 0.026 0.0 0.0
LCL161 0.934 0.952 0.0 0.0
BKM120 3.331 1.409 9.5 13.4
Ponatinib 5.530 0.860 0.0 0.0
Bosutinib 9.192 4.190 0.0 0.0
Sorafenib 12.473 1.201 0.0 0.0
Perifosine 14.718 4.170 0.0 0.0
Everolimus 23.131 9.058 0.0 0.0
Nilotinib 40.779 8.733 44.0 41.9
SB431542 94.353 17.511 0.0 0.0
Prednisolone 0.000 100.0
Danazol 0.000 100.0
Pomalidomide 0.000 100.0

Supplementary table 5: Results of the dose-response curves of drugs in monotherapy in cell

lines after 24h of incubation with drugs. SD: Standard deviation.




A. Dose-response curves in cell lines B. Dose-response curves in MF patient samples
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Supplementary Figure 1: Ruxolitinib activity. A) Dose-response curves of ruxolitinib in cell lines. B) Dose-response curves of ruxolitinib
using patient samples and two ex vivo models. C) Representation of area under curve of dose response curves of ruxolitinib in ex vivo
model A or B depending on time of response of patients treated with ruxilitinib. Bmut: BA/F3 JAK2 V617F; Bwt: BA/F3 wild type.
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Supplementary Figure 2. Collagen production. (A) Representative images (20 X magnification)
of HS27a cells (Control), HS27a-SET2 cocultures (Coculture) and nilotinib treated HS27a-SET2
cocultures (Coculture + Nilotinib) stained with anti-Collagen-I. (B) Relative optical density
guantified by Image J and normalized to control. Values given are the means + sem of 8-9
randomly chosen fields. Data are representative of two independent experiments.
***¥p<0.001.



