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Talk Outline

• What are MPNs

• Haematopoietic Cytokine Signalling 101

• NGS in MPNs: Diagnosis, Prognosis and Discovery

• Germline risk of MPN

• Unmet needs in MPN – a couple of current and future clinical trials
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What are MPNs?
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JAK-STAT signalling from type 1 cytokine receptors 
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What might we want to use Next Generation 
Sequencing (NGS) for?
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• Diagnosis – increasingly important for WHO 

classification of all myeloid malignancies 

• Prognosis

• Personalised Treatment; e.g. trial options

• Clonal architecture and evolution/progression

• Minimal Residual Disease Monitoring

• Discovery



Francesco Passamonti, Barbara Mora, Myelofibrosis, Blood, 2023, 

Copyright © 2023 American Society of Hematology 
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Diagnosis of MPNs

Histology

Imaging

Cytogenetics

FISH

FACS

Molecular Testing

Pathologists love to put things in boxes



(VUS)



What Genes are important 
in MPNs?

• 2035 MPNs (ET, PV, MF [309], 
other [49])

• 69 genes including CNV
• >200 WES

Grinfeld et al. NEJM, 2018
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Australian Recommendations for NGS in MPNs

Just 17 genes that cover the majority of diagnostic and prognostic requirements



Categories of mutations in chronic myeloid malignancies

Cytokine Receptor and Signaling

Negative regulators of cytokine signalling
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JAK2, CALR, MPL, CSF3R, KIT, EPOR, JAK3,
 NRAS, KRAS

Some Genes

SH2B3, CBL, PTPN11

TET2, DNMT3A, IDH1, IDH2

EZH2, BCOR, IDH1, IDH2

SF3B1, U2AF1, SRSF2, ZRSR2

TP53, RUNX1, GATA2, NFE2, CEBPA

STAG1, STAG2, RAD21

GoF mutations

LoF mutations



NGS results in chronic myeloid malignancy (2020-2021): Prognosis
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NGS for Diagnosis
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Combinations of mutations result in specific disease entities
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PMF with monocytosis

CMML with MF3
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Prognosis in MF PROGNOSIS

IHD1, IDH2, SRSF2, ASXL1, U2AF1}



MPN report patient survival diagram

Based on Grinfeld et al. NEJM 2018

https://www.sanger.ac.uk/science/tools/progmod/progmod/
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Inherited Genetic Risk for Late Onset Development of MPNs

Bao et al. Nature Genetics 2020
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Inherited MPN Risk

a. GWAS meta-analysis for MPNs (n = 2,949 cases 
and 835,554 controls). X axis is chromosomal 
position, and y axis is the −log10(P) value of 
association (two-tailed, logistic regression). 
Association signals reaching genome-wide 
significance (P < 5 × 10−8) and suggestive 
significance (P < 1 × 10−6) are shown in blue and 
green, respectively. Red points represent 
conditionally independent lead variants within 
each locus.

b, Polygenic risk score (PRS) percentile among 
MPN cases (n = 1,086) versus controls (n = 
407,155) in the UK Biobank test set.

d, Odds ratio for MPN acquisition (n = 1,086 cases 
and 407,155 controls) stratified by deciles of the 
PRS, with the 5th decile as the reference. Data 
represent odds ratios and 95% confidence 
intervals.

Bao et al. Nature Genetics 2020

JAK2 46/1 haplotype of four non-coding 
SNPs

SH2B3



SH2B3 In Myeloproliferative Neoplasms

Andrew Perkins Liesl Butler



~2.5% of all Alfred Pathology myeloid next generation sequencing 
samples are found to have an SH2B3 variant

SH2B3 variants are frequently missense and in the SH2 
domain. Clinical presentations are diverse. 

Diagnosis

20.59%  7 MPN
11.76%  4 MDS
17.65%  6 MDS/MPN
5.88%  2 AML
35.29%  12 Cytoses
5.88%  2 Cytopenias
2.94%  1 Other

Other Mutations

32.35%  11 Sole Mutation
67.65%  23 Additional Mutation/s



Germline missense SH2B3 variants may lead 
to myeloproliferative disease

Family 1: E395K

Family 2: E395K/E400K 

Family 3: T404A

Proband’s blood and bone marrow (aspirate, trephine and 
reticulin stain)



SH2B3-T404A mutations may represent a germline cause for 
myeloproliferative disease

Family 2: T404A



Variants in the SH2 domain of SH2B3 affect 
interaction with phosphorylated JAK2 

(Morris et al. 2021)
(Morris et al. 2022)



SH2B3



E400K

E395K

Inherited missense variants in SH2B3 cause thrombocytosis and leukocytosis 
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Functional Validation: Does SH2B3-E395K result in a 
myeloproliferative disease phenotype?
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Sh2b3-E367K mutant mice demonstrate peripheral blood 
cytoses and splenomegaly

Statistical significance determined using the Mann Whitney test
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Sh2b3-E367K mutated mice exhibit reticulin fibrosis 



Sh2b3-E367K homozygous mouse platelets have heightened 
JAK-STAT activity
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Some Research Questions worth addressing

• What is the full repertoire of STAT targets in the nucleus? 

• Are there new EPOR-directed or MPL-directed biological processes to be found?

• Are the STAT targets in humans the same as in mice? 

• Are there any STAT-independent transcriptional programs? How can we find them?

• Does the JAK2-V617F driver mutation induce any different transcriptional outcomes to normal signalling? 

Are we just re-inventing the wheel?
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Discovery: New targets of EPOR signalling in Erythropoiesis
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pSTAT5 ChIP-seq

+ EPO

Cytokine starvation – 3 hours

45 min
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Harvest EPO-
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Figure 1. Activation of STAT5 phosphorylation in response to 

EPO stimulation in HUDEP-2 cells. HUDEP-2 cells were starved 

from cytokines (SCF and EPO) for 3 hours followed by re-stimula -

tion of EPO (5U/ml) for 1, 2, and 4 h. EPO promotes activation of 

pSTAT5 but not pSTAT1 and pSTAT3 in HUDEP-2 cells.

Experimental Design

Phosphoproteomics

HUDEP2



pSTAT5 binds enhancers regions at the canonical STAT-binding motifpSTAT5 ChIP-seq in HUDEP-2 (Rep B)
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Integration of signals from EPOR and master transcription factors 
at important enhancers for MPNs
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JAK1 ✓ ✓

JAK2 ✓ ✓ ✓ ✓

ACVR1 ✓ ✓

FLT3 ✓

IRAK1 ✓

CSF1R ✓

JAK inhibitors have a variety of targets

Pacritinib2,3 Momelotinib2Fedratinib2Ruxolitinib1

IC50 (nM)

Kinase Fedratinib Ruxolitinib Pacritinib Momelotinib

JAK1 105 3.3 1280 11

JAK2 3 2.8 23 18

JAK3 1002 428 520 155

TYK2 405 19 50 17

1. Harrison C, et al. N Engl J Med 2012; 366:787–798; 2. Kuykendall AT & Komrokji RS. J Immunother Precis Oncol 2021; 4:129–141; 3.Oh S et al. ASH 2022. Abstract 628 (Oral).



Temporal dynamics of pSTAT5 inhibition by JAK inhibitors

Lam and Perkins, unpublished data
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JAK2 inhibitors repress target gene expression in a time-dependent manner 
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0h     1h     4h     8h 0h     1h     4h     8h 0h     1h     4h     8h 0h     1h     4h     8h

320 DEGs

1610 DTGs – five fold increased sensitivity

SLAM-seq far more sensitive at early time points – 1 hour
Lam and Perkins, unpublished data
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Intersections of DTCEs of each JAK2 inhibitor in HEL cells (combined 

timepoints)

DRG analysis identified 23 common target genes of JAK2 inhibitors
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• Inflammation
• Proliferation
• Survival

• Negative 
regulation of 
JAK-STAT 
signalling

Pathways:

Lam and Perkins, unpublished data

Fedratinib and Pacritinib 
have unique targets in 
MPN cell lines
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Conclusions

• pSTAT5 binds to ~3,000 putative enhancers in human erythroid cells (some 

likely signalling centres for GATA1 and KLF1)

• EPO signalling induces new DNA binding activities via non-STAT TFs (e.g. EGR1)

• There are clues to new biological processes induced by EPOR signalling

• There is a quantitatively increased transcriptional response in JAK2-V617F 

mutant cells but no new genes were identified



Can we improve survival in MF?
• Allogeneic BMT remains the only curative therapy in MF

• Ruxolitinib improves survival, but does not cure MF

• Potential disease modifying agents in trials (need well controlled up front 
trials with long end points (OS) or surrogate end points for OS (allele 
burden)

 Interferon-
 BET inhibitors
 Telomerase inhibitors
 Combination therapies: PI3K inhibitors, PIM inhibitors, ERK inhibitors
 Back to the drawing board….finding new targets
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• Have a look at the draft recommendations for New Guidelines on Myelofibrosis
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