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Mechanisms of JAK2 Mutation

JAK2 Pathway Activation

The V617F mutation causes constant activation of the JAK2
signaling pathway, disrupting normal cell signaling processes.

Excessive Blood Cell Proliferation

Constitutive activation of JAK2 leads to increased
proliferation of blood cells, contributing to blood disorders.

Risk of Thrombosis

Increased blood cell production raises the risk of thrombosis,
a serious health condition characterized by blood clots.
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Pathophysiology of JAK2-Mutation
Promoted Thrombosis




Thrombosis risk varies significantly across different types of MPNs

Polycythemia Vera (PV):
= Annual incidence of about 2.6% to 5.5% per patient-year.

= Both arterial and venous thromboses are common, with arterial events like stroke and myocardial infarction being
more frequent.

Essential Thrombocythemia (ET):
= The risk of thrombosis from 2-4% per patient-year.

= Arterial thromboses, such as transient ischemic attacks and myocardial infarctions, are more prevalent than venous
events.

Primary Myelofibrosis (PMF):
= Thrombosis risk in PMF is approximately 2.2% per patient-year.

Prefibrotic Myelofibrosis:
= This subtype has a thrombosis risk similar to PMF, around 2.1% per patient-year.

The presence of the JAK2 V617F mutation further amplifies the risk of thrombosis across all MPN types.
Additionally, factors like age, history of thrombosis, and elevated blood cell counts can influence individual

risk levels.
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How JAK2 Mutation Leads to Thrombosis

»Individuals with JAK2V617F-mutant CHIP have 12 times the risk of coronary heart disease and
ischemic stroke compared to individuals without any CHIP-associated mutation.

»ECs carrying the JAK2V617F mutation can be detected in isolated liver or spleen ECs in many
patients with MPNs'2,

0 JAK2V617F-mutant spleen ECs co-exist in the same patients and mutant ECs comprise 40% to 100% of
all splenic ECs.




JAK2V617F variant allele frequency and thrombaosis risk
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JAK2 Mutation Leads to Thrombosis

Constitutive Activation: continuous signaling through pathways that stimulate blood cell production,
particularly red blood cells, platelets, and white blood cells.

Increased Blood Cell Production

Platelet Activation: The activated JAK2 signaling pathway in platelets leads to increased sensitivity and
responsiveness to various agonists, such as thrombin and collagen. This hyperreactivity can lead to enhanced
platelet aggregation.

Altered Hemodynamics: An increase in red blood cell mass thickens the blood, leading to hyperviscosity.

Inflammatory Mediators: The presence of the JAK2 mutation can also be associated with an inflammatory
state, characterized by increased levels of cytokines and other mediators that can promote vascular
inflammation and endothelial dysfunction, further increasing the risk of thrombosis.

Endothelial Dysfunction



Proposed mechanism for MPN-related coagulation activation
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Generation of neutrophil extracellular traps (NETs)

1. Scaffold for Platelet Adhesion
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Role of NETs in Thrombotic Pathogenesis

1.DNA in NETosis and Coagulation: DNA released during NETosis activates Factor Xl (FXII), triggering the intrinsic
coagulation pathway. This leads to fibrin formation and thrombus development.

2.Histones and Platelets:

J Histones H3 and H4 in NETs activate platelets via TLR2/TLR4 signaling, promoting aggregation and thrombin
generation.

J They also reduce thrombomodulin-dependent protein C activation, further enhancing coagulation.
3.Granule Proteases (Elastase and Cathepsin G):

(J These enzymes degrade natural anticoagulants like TFPI (tissue factor pathway inhibitor) and antithrombin (AT),
fostering thrombogenesis.

) Elastase promotes platelet adhesion by exposing von Willebrand factor (vVWF), while Cathepsin G activates
platelets via PAR4.

4.Tissue Factor (TF) and NETSs:

J TF present in NETs, derived from neutrophils and monocytes, activates the extrinsic coagulation pathway,
enhancing thrombus formation.

J Autophagy assists neutrophils in capturing and releasing TF during NETosis, further driving thrombin generation
and platelet activation.




Impaired fibrinolysis in JAK2V¢'7F-related myeloproliferative neoplasms

Impaired tissue-type plasminogen activator (tPA)—induced fibrinolysis of whole blood (WB) clots from Jak2V617
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Arterial thrombosis

The incidence of arterial thrombosis in individuals with the JAK2 mutation

» Polycythemia Vera (PV): Arterial thrombosis, including stroke and myocardial infarction, is a major
complication. The annual incidence of arterial events in PV is approximately 2.5 to 3.5% per patient-
year.

» Essential Thrombocythemia (ET): Arterial thrombosis is also common in ET, with an incidence of 2 to
3% per patient-year, which is higher than venous thrombosis rates.

» Primary Myelofibrosis (PMF): While less common than in PV or ET, arterial thrombosis still occurs,
particularly in high-risk patients.

The JAK2 V617F mutation significantly increases the risk of arterial thrombosis compared to JAK2-
negative cases, due to its effects on platelet activation, endothelial dysfunction, and
inflammation



Effect of JAK2Ve1’7F CHIP on CAD

No JAK2""7F CHIP JAK2"'F CHIP
Incidence rate per 1,000 Incidence rate per 1,000 Adjusted HR Adjusted HR

Cohort Participants (n) person-years (95% Cl) Participants (n) person-years (95% CI) (95% ClI) P-value (95% Cl)

UK Biobank 417,108 5.42 (5.35 t0 5.49) 113 17.26 (9.50 to 25.02) 2.32(1.48 t0 3.63) < .001 —_—

All of Us 83,744 7.73(7.351t0 8.11) 55 29.15 (0.58 to 57.71) 2.26 (0.85 to 6.04) .10 ® >

MGB Biobank 41,143 4.07 (3.73 to 4.40) 52 25.38 (0.51 to 50.26) 2.88 (1.07 to 7.75) .04 * >
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Venous thromboembolism 6

The incidence of venous thrombosis in individuals with the JAK2 mutation, particularly in the context
of myeloproliferative neoplasms (MPNs), is significant:

» Polycythemia Vera (PV):

o VTE occurs at an annual rate of approximately 1.5% to 2.5% per patient-year, with splanchnic vein
thrombosis (e.g., portal vein thrombosis) being a notable complication.

» Essential Thrombocythemia (ET):

o VTE incidence is slightly lower, around 1% to 2% per patient-year, but still higher than in the general
population.

» Primary Myelofibrosis (PMF):
o VTE is less common compared to PV and ET, but splanchnic vein thrombosis remains a serious concern.

The JAK2 V617F mutation is a strong independent risk factor for venous thromboembolism (VTE),
with studies showing a 4- to 6-fold increased risk compared to individuals without the mutation
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Accelerated arterial thrombosis and increased platelet activity in Jak2"F |

Experimental design of Jak2VF CH mouse model Peripheral blood cell counts
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Accelerated arterial thrombosis and increased platelet activity in Jak2'F CH

Platelet activation as measured by levels of active GPllbllla Platelet activation in GFP+ (mutated in Jak2VF CH) and GFP~
conformation and P-selectin surface expression thrombin-stimulated platelets (GPlIbllla activation and P-selectin)
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Accelerated arterial thrombosis and increased platelet activity in

low allele burden (LAB) Jak2'F clonal hematopoiesis
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Increased COX-1and COX-2 expression and cPLA2 activation

in Jak2VF platelets
& VFGp1ba 5] s 41 ) 2 Role of COX-1 and COX-2: Enhanced expression of
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JAK2V6'TF CHIP is associated with an increased arterial thrombosis risk, resulting from
a thromboxane A2-mediated JAK2V¢'7F to JAK2WT platelets activating cross talk.
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Platelet-neutrophil interaction
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Neutrophils derived from patients with MPNs are associated with
an increase in NET formation and a prothrombotic, NET-rich phenotype
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Endothelial JAK2V¢T7F mutation leads to thrombosis, vasculopathy, and cardiomyopathy

— — — Tie2 ctrl mice Tie2FF1 mice
InCIdanfa of Suddgn Death Ejection Fraction Fractional shortening LV Volume (end- LV Volume (end-
uring Procedure > * diastolic) systolic)

* * * 60

100 - 80 - 60 * * 100
80 : 60 e i‘ - * *
R 60 'Survival ¢ 40 e T —=X 40
4 40 3 B 25 —me=L-=-L 4
9 M Death
20

20 20 25 ---1---z

0
Ctrl Tie2FF1 Ctrl Tie2FF1 0 0 0 0
(<20 wk) (20 wk) 10-12 wk 20-22 wk 28-30 wk 10-12 wk 20-22 wk 28-30 wk 10-12 wk20-22 wk 28-30 wk 10-12 wk 20-22 wk 28-30 wk

JAK2V617F-mutant ECs are required to develop the cardiovascular complications in Tie2FF1 mice

. Ly-6Chi
) Neutrophil Monocyte Hemoglobin Platelet — _ monocytes
Mo — _ * — g 9
Tie2/FF1 WT (CD45.1) AK2V617F-mutant 20 % * 4000 o 40
(CD45.2) donors recipients blood + WT ECs ﬁ 12 15 ’—1 - 'g_ E.
= - 3 = 0O
& 35 - g L - 3000 v 2
v v 08 T 10 v QS
S 2 B 220 &
= o 10 o o S 2000 85
e 4 F_pc@B g 8 04 ® 5 3 S 9
Tie2-cre ctrl WT (CD45.1) JAK2WT blood o B & ~ 1000 T s =
(CD45.2) donors recipients +WT ECs * x x X
0 0.0 0 0 0




Thrombosis risk stratification in essential thrombocythemia (ET)

Very low-risk
disease
*No history of thrombosis

*Age =60 years
+JAK2 wild-type

Low-risk
disease
*No history of thrombosis

-Age =60 years
*JAK2 mutated

No Cardiovascular
cardiovascular risk factors
risk factors or
and CALR-1/MPL
triple negative mutated
No Cardiovascular
cardiovascular risk factors
risk factors present
Observation Once-daily
alone aspirin
Once- or
twice-daily
aspirin
Aspirin use in the presence
of extreme thrombocytosis Twice-daily
and acquired von Willebrand = — aspirin

syndrome should be
monifored closely

Intermediate-risk
disease
*No history of thrombosis

+Age >60 years
~JAK2 wild-type

Cardiovascular Cardiovascular
risk factors risk factors
absent present
Twice-daily Hydroxyurea*®
aspirin +
(Hydroxyurea Once-dail
not mandated) . y
aspirin

High-risk disease

+History of thrombosis
or
~Age >60 years with JAK2 mutation

Arterial
thrombosis
history
at any age

Hydroxyurea*®
+
Twice-daily
aspirin

Venous
thrombosis

at any age

Hydroxyurea*
+
systemic
anticoagulation

JAKZ2-mutated or
cardiovascular risk

factors present

Consider adding
once-daily
aspirin




Treatment approach in polycythemia vera

Periodic phlebotomy to keep hematocrit <45% in all patients

+
Once-daily low-dose aspirin (40—-100 mg) in all patients
Low-risk High-risk
Disease disease
* No history of thrombosis *History of thrombosis or
» Age <60 years | *Age >60 years
" > e _ e
/ X WL *
p ) /,,.(.-‘ég,'toé Hydroxyurea . Hydroxyurea
/ N a9 (500 mg BID starting dose) ~ intolerant or
o resistant or
Consider Consider ; not desired
twice-daly aspirin pegylated IFN- tedows: | | e
in the presence of: in the presence of: history history
* CVrisk factors * Frequent phlebotomies Consider Add
« Leukocytosis » Severe pruritus twice-daily systemic
» Microvascular » Symptomatic splenomegaly aspirin anticoagulation
symptoms * Persistent symptoms
Busulfan Pegyiated
JAK2 inhibitor IFN-a

-]«

« JAK2 inhibitor preferred in the presence of symptoms reminiscent of post-PV MF
» Busulfan preferred in older patients




Change in VAF from baseline

Kinetics of JAK2Vé617F allele burden of patients treated in the MPD-RC 112 trial.

Hydroxyurea Pegasys JAK2 VAF
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Complication-free survival: 5 events (HU: 3; PEG: 2) 5 events (HU: 3; PEG: 2) occurred during the trial with

a hazard ratio 0.60 (95% Cl, 0.10-3.62).
PEG - 1 patient had a bleeding event consisting of macroscopic hematuria that required red cell transfusions
- 1 patient had a cerebral vascular accident
HU -1 patient developed bilateral vertebral artery blockage noted on imaging but without clinical consequences.
- 1 patient progressed to MF after 46 months
- 1 patient treated with HU died of lung cancer at 9 months

Cumulative incidence of thrombosis was 2% (95% Cl, 0.3-13) for HU and 2% (95% Cl, 0.3-15) for PEG at 24 months




Low-dose aspirin treatment reversed accelerated arterial thrombosis
and increased platelet activity in Jak2VF CH
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JAK-STAT inhibition reduces endothelial prothrombotic activation and A
leukocyte-endothelial proadhesive interactions
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Experimental Control Risk ratio
. Study Events Total Events Total RR 95%—Cl W(fixed)
Forest plot for relative |
. k f h . COMFORT1 2012 7 155 14 154 — 0.50 [0.21;1.20] 53.4%
risk of all thrombotic ) COMFORT2 2012 6 146 4 73 S - 075 [0.22; 2.58] 20.3%
. ! . 0
events Comparlng RESPONSE 2015 1 110 7 112 : 0.15 [0.02; 1.16] 26.4%
ruxolitinib to control.! Fixed effect model 411 339 e 0.46 [0.23; 0.88] 100%
Heterogeneity: /2 = 0%, 72 =0, P = 0.4018 | i |
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N-acetylcysteine inhibits thrombosis in a murine model of MPNs
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Conclusions

Role of JAK2 Mutations Treatment Approaches

JAK2 mutations are significant in thrombosis, Understanding JAK2 mutations can guide clinicians in
impacting various treatment strategies and patient developing effective treatment plans for patients.
outcomes. Cytoreductions : HU, IFN

Circulating blood cells are both increased in quantity JAK inhibitor

and are qualitatively abnormal in MPN, resulting in
increased thrombotic risk. Antithrombotic drug

New treatments : anti-integrin monoclonal antibodies,
bromodomain and extraterminal domain (BET) and
histone deacytelase inhibitors, rizamlizumab and

selectin inhibitors

Endothelial cells and non myeloid cells are both
involved in pathogenesis of thrombosis in MPNs
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