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tab=characterization&characterization=proteomics) proteins are available in the public DepMap portal and within the Source Data file of this manuscript. The
authors declare that all other data that support the findings of this study are available within the paper, its supplementary information, or Source Data file.

Group sample sizes of 5 and 5 achieve 80% power to reject the null hypothesis of equal means when the population mean difference is 60.7
with a standard deviation for both groups of 30.0 and with a significance level (alpha) of 0.05 using a two-sided two-sample equal-variance t-
test. For the in vivo studies shown in Figure 5a, 6a and S8a we used at least 5 animals per treatment group. For the in vivo studies shown in
Figure 8a, we were limited to using 3-6 mice per treatment group as the number of recipient mice that we are able to transplant is dependent
on the number of the same sex and age of Jak2VF/+VavCre+ donor mice that we can generate by breeding. To increase the statistical power
of our study, we combined the data from four independent studies in the same plot for the different parameters studied.

No sample size calculation was performed to predetermine sample size for the in vitro experiments. For experiments using cell lines, we have
used three or more independent biological replicates for each experimental condition to assess differences between 2 or more experimental
groups. For experiments using MPN-patient derived primary cells, we have used cells isolated from at least three different patients for each
experimental condition to assess differences between 2 or more experimental groups. The sample sizes used were sufficient to demonstrate
large differences between experimental conditions.

For the in vivo studies, mice were excluded from analysis if they were sacrificed or died for reasons unrelated to MPN-phenotype or treatment

(e.g. few mice were excluded due to signs of sickness not related to MPN-phenotype or treatment). For the flow cytometry results shown in
Figure 8 and S11 there were not enough bone marrow cells to collect data from one mouse in the IFN-treated group and there were not
enough spleen hematopoietic cells to collect data from two mice from the IFN+Fasudil treatment group.

The in vitro experiments were repeated independently at least three times, except for those specifically indicated in the figure legends.
Experiments involving statistical analyses were performed using at least three independent biological replicates, or using samples from at
least three different patients/individuals or from at least three different mice for each experimental condition. The animal studies involving
transplant models were repeated at least two independent times and the study shown in Figure S8 was performed once using 10 mice per
treatment group. For all experiments, all attempts at replication were successful.

Animals were randomized into treatment groups by hematocrit and/or hemoglobin levels upon confirmation of engraftment (for the
transplant models) and Polycythemia vera-like phenotype (for the Jak2VF KI mouse models). For the animal study shown in Figure S8, animals
were randomized into treatment groups by body weight. No particular randomization method was used for other experiments. The same
number of cells were plated for each treatment condition and same amount of protein was used for co-IP and immunoblotting analyses for
each experimental condition. Primary MPN patient samples were randomly selected.

For the in vivo studies, collection of data was blinded, but to calculate differences between treatment groups each animal number had to be
matched to its treatment. For the qPCR analyses using patient samples, the investigators were blinded to group allocation during data
collection, the type of response was matched to each sample number during data analysis. All other experiments were performed in a non-
blinded manner, because the experimental design was complicated and blinding feasibility was poor.
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Antibodies
Antibodies used

Validation

From Cell Signaling Technology: Rabbit monoclonal anti-ULK1 (clone D8H5) Cat # 8054 (WB 1:1000, co-IP 2.1µg/mg protein), Rabbit
monoclonal anti-PKC-delta (clone D10E2) Cat # 9616 (WB 1:1000, IP: 0.6µg/mg protein), Rabbit monoclonal antibody IgG XP Isotype
Control (clone DA1E) Cat # 3900 (control for co-IP ULK1 2.1µg/mg protein, control for IP PKC-delta 0.6µg/mg protein), Rabbit
polyclonal anti-GST Cat # 2622 (WB 1:1000), Rabbit monoclonal anti-Phospho-p38 MAPK (Thr180/Tyr182) (clone 3D7) Cat # 9215
(WB 1:1000), Rabbit monoclonal anti-p38 MAPK (clone D13E1) XP Cat # 8690 (WB 1:1000), Rabbit monoclonal anti-ROCK1 (clone
C8F7) Cat # 4035 (WB 1:1000), Rabbit monoclonal anti-ROCK2 (clone D1B1) Cat # 9029 (WB 1:1000), rabbit monoclonal anti-
phospho-ULK1 (Ser757) (clone D7O6U) Cat # 14202 (WB 1:1000), rabbit polyclonal anti-caspase 3 Cat # 9662 (WB 1:1000), and rabbit
polyclonal anti-PARP Cat # 9542 (WB 1:1000).

From Proteintech: rabbit polyclonal anti-PKC Delta Cat # 14188-1-AP (WB 1:1000).

From EMD Millipore: Mouse monoclonal anti-GAPDH clone 6C5, Cat # MAB374 (WB 1:20,000).

From Santa Cruz Biotechnology: Mouse monoclonal anti- p-MYPT1 (clone F-11) Alexa Fluor 647 Cat # sc-377531 AF647 (Flow
cytometry [F] 1:50), Normal mouse IgG1 Alexa Fluor 647 Cat # sc-24636 (F 1:50), c-Myc antibody (clone 9E10) conjugated to agarose
beads Cat # sc-40 AC (IP 500 µg/ml).

From BD Biosciences: PerCP-Cy5.5 mouse anti-mouse CD45.2 (Clone 104; BD Pharmigen) Cat # 561096 (F 1:200), V450 mouse anti-
mouse CD45.1 (Clone A20; BD Horizon) Cat # 560520 (F 1:200), V450 Mouse Lineage Antibody Cocktail Cat # 561301 (Components
include clone 500A2, which recognizes Mouse CD3e; M1/70, which recognizes CD11b; RA3-6B2, which recognizes CD45R/B220;
TER-119, which recognizes Ly-76, mouse erythroid cells; and RB6-8C5, which recognizes Ly-6G and Ly-6C) (F 1:20), APC Rat Anti-
Mouse CD117 (c-kit) (Clone 2B8) antibody Cat # 553356 (F 1:100), PE Rat anti-Mouse CD34 (Clone RAM34) antibody Cat # 551387 (F
1:40), and PerCP-Cy5.5 Rat Anti-Mouse CD16/CD32 (Clone 2.4G2) antibody Cat # 560540 (F 1:200).

From Biolegend: PE/Cyanine7 anti-mouse CD71 (clone RI7217) antibody Cat # 113812 (F 1:200), APC anti-mouse TER-119/Erythroid
Cells (clone TER-119) antibody Cat # 116212 (F 1:200).

From Invitrogen/Thermo Fisher Scientific: Ly-6A/E (Sca-1) Monoclonal Antibody (clone D7), PE-Cyanine7, eBioscience Cat #
25-5981-82 (F 1:100).

Custom-made antibodies by Pierce Biotechnology/ Thermo Fisher Scientific: Rabbit polyclonal anti-Phospho-ULK1 (Ser 341) (WB
1:1000) and Rabbit polyclonal anti-Phospho ULK1 (Ser 495) (WB 1:500).

Search RRID antibody numbers (where available) in the RRID Portal (https://scicrunch.org/resources), the Resource Identification
Portal, supporting guidelines for Rigor and Transparency in scientific publications, to get more detailed information on antibodies
used. Manufacturers' web-page link for each antibody is also provided with validation information.

Rabbit monoclonal anti-ULK1 = RRID AB_11178668, https://www.cellsignal.com/products/primary-antibodies/ulk1-d8h5-rabbit-
mab/8054

Rabbit monoclonal anti-PKC-delta = RRID AB_10949973, https://www.cellsignal.com/products/primary-antibodies/pkcd-d10e2-
rabbit-mab/9616

Rabbit monoclonal antibody IgG XP Isotype Control = RRID AB_1550038, https://www.cellsignal.com/products/primary-antibodies/
rabbit-da1e-mab-igg-xp-isotype-control/3900

Rabbit monoclonal anti-Phospho-p38 MAPK = RRID AB_331762, https://www.cellsignal.com/products/primary-antibodies/phospho-
p38-mapk-thr180-tyr182-3d7-rabbit-mab/9215

Rabbit monoclonal anti-p38 MAPK = RRID AB_10999090, https://www.cellsignal.com/products/primary-antibodies/p38-mapk-d13e1-
xp-rabbit-mab/8690

Rabbit polyclonal anti-GST = RRID AB_331670, https://www.cellsignal.com/products/primary-antibodies/gst-tag-antibody/2622

Rabbit monoclonal anti-ROCK1 = RRID AB_2238679, https://www.cellsignal.com/products/primary-antibodies/rock1-c8f7-rabbit-
mab/4035

Rabbit monoclonal anti-ROCK2 = RRID AB_11127802, https://www.cellsignal.com/products/primary-antibodies/rock2-d1b1-rabbit-
mab/9029?site-search-type=Products&N=4294956287&Ntt=rock2&fromPage=plp

Rabbit monoclonal anti-phospho-ULK1 (Ser757) (D7O6U) = https://www.cellsignal.com/products/primary-antibodies/phospho-ulk1-
ser757-d7o6u-rabbit-mab/14202

Rabbit polyclonal anti-caspase 3 = https://www.cellsignal.com/products/primary-antibodies/caspase-3-antibody/9662

Rabbit polyclonal anti-PARP = RRID:AB_2160739, https://www.cellsignal.com/products/primary-antibodies/parp-antibody/9542

Rabbit polyclonal anti-PKC Delta = RRID:AB_10638614, https://www.ptglab.com/products/PRKCD-Antibody-14188-1-AP.htm

Mouse monoclonal anti-GAPDH = RRID:AB_2107445, https://www.emdmillipore.com/US/en/product/Anti-Glyceraldehyde-3-
Phosphate-Dehydrogenase-Antibody-clone-6C5,MM_NF-MAB374

Mouse monoclonal anti- p-MYPT1 (F-11) Alexa Fluor 647 = https://www.scbt.com/p/p-mypt1-antibody-f-11

Normal mouse IgG1 Alexa Fluor 647 = RRID:AB_737215, https://www.scbt.com/p/normal-mouse-igg1-alexa-fluor-647

c-Myc antibody (9E10) conjugated to agarose beads = https://www.scbt.com/p/c-myc-antibody-9e10

PerCP-Cy5.5 mouse anti-mouse CD45.2 = RRID:AB_2034008, https://www.bdbiosciences.com/en-nz/products/reagents/flow-
cytometry-reagents/research-reagents/single-color-antibodies-ruo/percp-cy-5-5-mouse-anti-mouse-cd45-2.561096

V450 mouse anti-mouse CD45.1 = RRID:AB_1727490, https://www.bdbiosciences.com/en-nz/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/v450-mouse-anti-mouse-cd45-1.560520

V450 Mouse Lineage Antibody Cocktail = https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/panels-multicolor-cocktails-ruo/v450-mouse-lineage-antibody-cocktail-with-isotype-control.561301

APC Rat Anti-Mouse CD117 (c-kit) = https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-
reagents/single-color-antibodies-ruo/apc-rat-anti-mouse-cd117.553356

PE Rat anti-Mouse CD34 = https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/
single-color-antibodies-ruo/pe-rat-anti-mouse-cd34.551387

PerCP-Cy5.5 Rat Anti-Mouse CD16/CD32 = RRID:AB_1645259, https://www.bdbiosciences.com/en-nz/products/reagents/flow-
cytometry-reagents/research-reagents/single-color-antibodies-ruo/percp-cy-5-5-rat-anti-mouse-cd16-cd32.560540

PE/Cyanine7 anti-mouse CD71 = RRID:AB_2203382, https://www.biolegend.com/en-us/products/pe-cyanine7-anti-mouse-cd71-
antibody-6185?Clone=RI7217

APC anti-mouse TER-119/Erythroid Cells = RRID:AB_313713, https://www.biolegend.com/en-us/products/apc-anti-mouse-ter-119-
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erythroid-cells-antibody-1863?Clone=TER-119

Ly-6A/E (Sca-1) Monoclonal Antibody (D7), PE-Cyanine7 = RRID:AB_469669, https://www.thermofisher.com/antibody/product/Ly-6A-
E-Sca-1-Antibody-clone-D7-Monoclonal/25-5981-82

The Rabbit polyclonal anti-Phospho-ULK1 (Ser 341) and Rabbit polyclonal anti-Phospho ULK1 (Ser 495) antibodies were generated
and validated as described in the Methods section. The results of the validation are presented in Supplementary Figure 1.

HEL (TIB-180; ATCC), KT-1 (RRID:CVCL_D200) from Dr. Fujita's lab (ref. 65), U937 (CRL-1593.2; ATCC), SET-2 cells (ACC-608;
DSMZ), HEK293T cells (CRL-3216; ATCC), immortalized Ulk1/2+/+ and Ulk1/2-/- MEFs (ref. 66) from Dr. Thompson's lab.

Human cell lines, available through ATCC and DSMZ, were tested by STR analyses and matched to the respective database.
The expression status of Ulk1 and Ulk2 in the Ulk1/2+/+ (wild-type) and Ulk1/2-/- (double knockout) MEFs was confirmed by
immunoblotting and/or qPCR analyses. KT-1 cells have not been authenticated for lack of a published STR profile, to the best
of our knowledge. We monitor this cell line based on cell morphology and interferon-responsiveness.

All cell lines tested negative for mycoplasma contamination.

Misidentified cell lines were not used.

10-11 week old female and male CD45.1 (B6.SJL-PtprcaPepcb/BoyJ, Stock No. 002014, Jackson Laboratory) mice (C57BL/6) were used
as recipients and 6-10 week old female and male Jak2+/+VavCre- and Jak2V617F/+ VavCre+ donor mice (C57BL/6) were used as
donors for the transplant studies. Both female and male (6-12 weeks old) Jak2V617F conditional knock-in mice (CD45.2) (ref. 30,
provided by B. L. Ebert and A. Mullally - Harvard Medical School) and Vav-Cre+ (CD45.2) (B6.Cg-Commd10Tg(Vav1-icre)A2Kio/J, Stock
No: 008610, Jackson Laboratory) mice were used for breeding to generate Jak2+/+VavCre- and Jak2V617F/+ Vav-cre+ donor mice.
9-10 week old female C57BL/6J mice (The Jackson Laboratory, Stock No: 000664) were used for the studies to assess the effects of
IFN treatment in wild-type mice in vivo.

The study did not involve wild animals.

The study did not involve samples collected from the field.

All animal studies were approved by the Northwestern University Institutional Animal Care and Use Committee (Protocol #
IS00012751) and conducted in accordance with the Guidelines for the Care and Use of Laboratory Animals.

For the study correlating expression of genes of interest with clinical outcomes to interferon treatment, primary samples
collected before treatment from 18 patients were randomly selected with the assistance of the MPN-RC Biostatistics Core C
and provided by the MPN-RC Tissue Bank Core B for our analysis. MPN patients had been enrolled in the MPD-RC-111 study,
which included patients with polycythemia vera and essential thrombocythemia that were refractory or intolerant to
hydroxyurea therapy (clinical trial #NCT01259817) after providing informed consent. 15 patients were diagnosed as having
polycythemia vera (PV) while 3 patients had essential thrombocythemia (9 men and 9 women, between the ages of 36 and
84 years). The clinical characteristics of each patient are provided in Supplementary Table 1. Responses were assessed after
12 and 24 months of treatment according to criteria established by the European LeukemiaNET. There were 9 responders
and 9 non-responders analyzed. A more detailed description of participants enrolled in the clinical trial #NCT01259817 and
criteria for assessment of clinical response have been previously described (Yacoub A., et al. Blood (2019) 134 (18): 1498–
1509).

The criteria for enrollment of patients in clinical trial #NCT01259817 have been previously described (Yacoub A., et al. Blood
(2019) 134 (18): 1498–1509). Samples for banking and for the in vitro colony studies were obtained from MPN patients seen
for evaluation, follow-up, and/or treatment in the clinics of the respective institutions, after informed consent was obtained.
We then received de-identified samples, selected randomly and unbiased, from the tumor banks. Participants did not receive
any compensation.

Collection of samples after obtaining informed consent was approved by the respective Institutional Review Boards of
Institutions participating in the MPN Research Consortium or the IRB of Northwestern University, in accordance with the
Declaration of Helsinki protocol. For the clinical trial #NCT01259817 samples, studies were approved as described in Yacoub
A., et al. Blood (2019) 134 (18): 1498–1509.
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NCT01259817

Yacoub, A. et al. Pegylated interferon alfa-2a for polycythemia vera or essential thrombocythemia resistant or intolerant to
hydroxyurea. Blood 134, 1498-1509 (2019)

In our study we used peripheral blood or bone marrow-mononuclear frozen samples banked at the New York Blood Center and that
had been collected prior to treatment initiation from patients enrolled in the Myeloproliferative Disorders Research Consortium
(MPD-RC)-111 study who received PEG-IFN-alpha2a (Pegasys) (clinical trial #NCT01259817). We measured the mRNA levels of PKC-
delta, ULK1 and p38 MAPK in these samples by qRT-PCR (Fig. 3b). 18S mRNA levels were used as reference/normalization control.

After data analyses, we matched the mRNA levels of PKC-delta, ULK1 and p38 MAPK with the response to IFN treatment of each MPN
patient (Yacoub, A. et al. Pegylated interferon alfa-2a for polycythemia vera or essential thrombocythemia resistant or intolerant to
hydroxyurea. Blood 134, 1498-1509 (2019)). Patients expressing higher pre-treatment mRNA levels of ULK1 and p38 MAPK were
more likely to respond to PEG-IFN-alpha2a therapy (Fig. 3b), from which we infer a key role for this pathway in the anti-neoplastic
effects of IFN in vivo. Future prospective clinical studies will be required to fully validate these findings and examine the potential of
ULK1 and p38 MAPK as biomarkers of IFN-responsiveness.

To determine the efficiency of engraftment of CD45.2+ bone marrow cells, mice peripheral blood (PB) was collected in EDTA-
coated tubes, red blood cells were lysed using 1X RBC lysis buffer (eBioscience 10X RBC Lysis Buffer, Thermo Fisher Scientific/
invitrogen, Cat # 00-4300-54), then cells were stained in FACS buffer (PBS, 0.5% BSA, 1 mM EDTA). To assess the effects of
PEG-IFN and/or Fasudil treatments on phosphorylation of MYPT1 in PB mononuclear cells (PBMCs), PB was collected from
mice in EDTA-coated tubes and red blood cells were lysed using 1X RBC lysis buffer. PBMCs were then fixed, permeabilized
and stained using the BD Cytofix/Cytoperm Fixation/Permeabilization Solution Kit (# BD 554714), according to the
manufacturer’s instructions. To assess the effects of PEG-IFN treatment on phosphorylation of MYPT1 in BM mononuclear
cells (BMMCs), BM cells were flushed, homogenized through a 70µm cell strainer, and red blood cells were lysed using 1X
RBC lysis buffer. BMMCs were then fixed, permeabilized and stained using the BD Cytofix/Cytoperm Fixation/
Permeabilization Solution Kit (# BD 554714), according to the manufacturer’s instructions. To assess the effects of PEG-IFN
and/or Fasudil treatments on erythroid development, BM cells were flushed and homogenized through a 70µm cell strainer,
and spleens were mechanically dissociated and homogenized through a 70µm cell strainer. BM and spleen cells were then
stained in FACS buffer. To assess the effects of PEG-IFN and/or Fasudil treatments on myeloid progenitor cells, BM cells were
flushed and homogenized through a 70µm cell strainer, red blood cells were lysed with 1X RBC lysis buffer and BM
mononuclear cells were then stained in FACS buffer. Cells were stained using fluorochrome-conjugated antibodies as
described in the "Flow cytometry analysis" methods section.

LSRII flow cytometer by BD Biosciences

Data were acquired using BD FACSDiva, and analyzed using FlowJo software V10 (Treestar, CA).

No sorting was performed.

For all flow cytometry analysis, the live cells were gated based on the FSC-A and SSC-A; then out of the live cell gate, single
cells were gated based on the FSC-H and FSC-A; next out of the single cells gate, the different analysis were performed:

1) Engrafted bone marrow cells were determined as CD45.1- and CD45.2+ cells (Fig. S6a).

2) Comparison of p-MYPT1 levels was done by overlay of p-MYPT1 histograms of single cells (Fig. S7h).

3) CD71+ and CD71- BMMCs were determined by positive versus negative staining using anti-CD71-PE/Cy7 antibody and then
out of each cell population comparison of p-MYPT1 levels was done by overlay of p-MYPT1 histograms of single cells (Fig.
S7i).

4) Erythroid progenitors were defined based on staining with anti-Ter119-APC and anti-CD71-PE/Cy7 antibodies as R1:
Ter119medCD71high (proerythroblasts); R2, Ter119highCD71high (basophilic erythroblasts); R3, Ter119highCD71med
(polychromatophilic erythroblasts) and R4, Ter119highCD71low (orthochromatophilic erythroblasts) (Fig. S11a).

5) To determine abundance of progenitor cells, lineage negative (Lin-) cells were gated based on negative staining using V450
Mouse Lineage Antibody Cocktail; next out of the Lin- cells gate, myeloid progenitors were gated as c-Kit+Sca- cells (using




