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Myeloproliferative neoplasms (MPN)
are particular cancers...

...since the clonal cancer cells themselves
are inflammatory cells...




Personal view on MPN pathogenesis and the role of inflammation pnysair
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What is the evidence? Il{NIKI-INIK

* HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs
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CD34+ cells from MPN patients express inflammatory genes L L
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CD34+ cells from MPN patients express inflammatory genes L L
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CD34+ cells from MPN patients express inflammatory genes R\NTH

Up- and downregulated in CD34* MPN MNCs
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* HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

+ JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
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MYELOID NEOPLASIA

MPN-derived HSCs are skewed towards MKs /AX2-V6I7F and interferon-a induce

megakaryocyte-biased stem cells characterized by
decreased long-term functionality
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MYELOID NEOPLASIA
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MPN-derived HSCs are skewed towards MKs
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MPN-derived iPSCs are skewed towards MKs
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* HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

+ JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
« JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)
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Inflammatory cells in MF: are they part of the JAK2V617F clone? W%HEN

Endothelial
cells
(Blood vessel)

vV = JAK2 V617F mutation shown at DNA level
1 But JAK2V617F protein expression unclear (=> single-cell proteomics)
] Biologic contribution of each cell subtype unclear




BM stromal cells are negative for JAK2V617F

Patient no. Diagnosis JAK2VOTE allele burden (%)
Granulocytes MSCs

1 PMF 31 b.d. (below detection limit)
2 PMF 15 b.d.

3 PMF 23 b.d.

4 Post-PV MF 61 b.d.

5 Post-PV MF 08 b.d.

6 PV 100 b.d.

7 PY 66 b.d.
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The JAK2 V617F vascular niche in MPN and its response to IFNa - Ik

- Recapitulating the MPN BM niche with iPSC-derived 3D cocultures (JAK2V617F in iHC +/- iEC) M. Caduc M. de Toledo
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The JAK2 V617F vascular niche in MPN and its response to IFNa mawrsai - e

» Core MPN signatures such as hypoxia, JAK-STAT, and fibrosis (TGFR) recap. in 3D BM niches
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What is the evidence? II{NIKLINIK
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HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)

JAK2V617F-mutant progeny produces local myeloid cytokines (e.g. IL-1beta, IL-6, TNF)
+ JAK2V617F-mutant HSC and progenitors may enhance their cell division activity (e.g. proliferation, differentiation)
+ Clonal hematopoiesis (CHIP) for JAK2V617F may be detectable by PCR/NGS diagnostics (7 Patient is at risk for MPN & cardiovascular diseases)
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Single HSCs and MPPs produce inflammatory cytokines
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Single-cell proteomics

Zhao et al Cell Stem Cell 2014 _
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High risk of MPN in persons with clonal hematopoiesis (CHIP)

(]

Number

JAK2 V617F (3.1%)

613

CALR (0.16%)

24

Type 2

Allele burden, %
Mean (SE), range
<0.1, n (%)
0.1-0.99, n (%)
1-10, n (%)
>10, n (%)

2.1 (0.34), 0.010-96
255 (42)
253 (41)

75 (12)

30 (5)

6.2 (2.3), 0.020-44

21)
8

3
5
9 (38)
4(17)
6 (25)

N

5

—_ o~~~
w

11 (5.9), 0.013-38

1(13)
4 (50)
0
3(38)

Table III. Prevalent morbidity in the general population according to JAK2 V617F somatic mutation status.

JAK2 V617F somatic mutation status

Negatives (n = 49 420) Positives (n = 68) Odds ratio é

Endpoints cases/controls cases/controls (95% CI) é
=

Any cancer 6969/42 451 23/45 2:7 (1-64-6) L,'E
_Haematological cancer ___ _ __ _ _ 13949281 _ _ _ _ __ __ __ _ _1l0/38 _ —_ e e e e B4 02-90) §
_Mﬁl(n_)l'oﬁblﬂivicaﬂccr_ e _ _32£19_388_ e _l()/z% e e _l()_"éi)_l j
Ischaemic heart disease 2689/46 731 11/57 2:2 (1-1-4+4) I °\:
Myocardial infarction 1091/48 329 6/62 2:6 (1-1-6-3) I §
Venous thromboembolism 989/48 431 5/63 3-1(1-3-7-9) I g
Pulmonary embolism 344/49 076 0/68 - I g
Deep venous thrombosis 729/48 691 5/63 4.6 (1-7-10-9) I =
Odds ratios were adjusted for sex, age, tobacco consumption, alcohol consumption, and body mass index at the time of blood sampling. | §
CI = confidence interval. \ *
~
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Myeloproliferative neoplasm diagnosed at re-examination in 2012

o

o

Yes No
n=18 / n=8
15
k//’. 10 \
] % g '_”"__”—‘,,_4
SISt
N\
‘ 15
=0.55x + 4.6 P=0.01 I
iy |1° y=9"10%+33 P=098
/ '
|
T T T T T 0 T T T
0 2 4 6 8 I 0 2 4
Follow-up time, years V4 Follow-up time, years

Modified from Cordua et al Blood 2019; Nielsen et al Br J Haematol 2012; Nielsen et al Haematologica 2014 _
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High risk of MPN in persons with clonal hematopoiesis (CHIP)  gwih
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1-10, n (%) 75 (12) 4 (17) 0

>10, n (%) 30 (5) 6 (25) 3(38)

Table III. Prevalent morbidity in the general population according to JAK2 V617F somatic mutation status.
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What is the evidence? RNIKLINIK
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HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)

JAK2V617F-mutant progeny produces local myeloid cytokines (e.g. IL-1beta, IL-6, TNF)
+ JAK2V617F-mutant HSC and progenitors may enhance their cell division activity (e.g. proliferation, differentiation)
+ Clonal hematopoiesis (CHIP) for JAK2V617F may be detectable by PCR/NGS diagnostics (7 Patient is at risk for MPN & cardiovascular diseases)

JAK2V617F-mutant differentiated cells accumulate in the peripheral blood and cause full-blown MPN
+ Systemic cytokines may cause chronic inflammatory symptoms (fever, night sweats, weight loss, fatigue, pruritus, ...)
+ Thrombocytosis, erythrocytosis, leukocytosis (mostly neutrophilia, monocytosis), splenomegaly
+ Highly increased risk of cardiovascular complications (e.g. thrombosis, bleeding, organ damage)
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IL-1beta is required for JAK2V617F-mediated MPN in mice R\NTH

IL-1RA and JAK2-V617F allele burden

IL-1RA serum levels Correlation plot
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IL-1beta is required for JAK2V617F-mediated MPN in mice
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IL-1beta is required for JAK2V617F-mediated MPN in mice
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IL-1R1 is essential for JAK2V617F-mediated MPN in mice L L
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Inflammation confers selective advantage to the malignant clone

Malignant stem cell
(i.e. JAK2V617F)
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Inflammatory cytokine serum levels are increased in MF L L

Table 2. Cytokines Whose Plasma Levels Are Abnormally Increased (or decreased) in PMF and Their Relationship With Age, Sex, and Clinically Relevant Disease
Features at Time of First Referral at the Mayo Clinic

Controls All Patients With PMF F
Cytokines (n = 35) (N = 127) Constitutional  RBC Transfusion Spleen WBC Platelets Platelets JAK2V6B17F

(pg/mL) Medien  Range  Median Range P Symptoms Dependency >10cm >10x 10%L > 450 x 109%L < 100 X 109/L Positivity Age Sex
IL-18 4 0-49 10.8 0-3,576 .02 .81 68 2 87 64 45 .35 a2 .05
[L-TRA 203 2-419 552 37-9,991 <.001 .84 .62 .07 .68 24 A7 <.001 .14 .26
[L-2R 217 0-507 556 91-3,956 < .001 .24 .001 A7 .006 .76 .68 .008 .06 01t
IL-6 0.6 09 6.3 0-186 < .001 .03 .05 .09 34 A8 35 .007 .05 d2
IL-8 3.3 0-18 14.3 0-1,156 < .001 .004 .03 .85 .07 .58 .26 .63 N .04t
[L-10 48 2.3-51 125 2-2,009 < .001 48 .02 34 il B3 28 .31 61 :bb 27
[L-12 100 35-182 192 18-1,883 <.001 55 .14 .28 .80 .99 .04% .02 .34 .43
IL-13 0 0-0 0 0-4,909 .001 9 .06 A6 A6 .87 .97 48 .09 iy
[L-15 0 0-38 0 02,671 .03 .8 61 46 .86 .95 .90 .85 .16 021
TNF-a 0 0-15 0 0-400 .02 .97 A3 .09 .60 A48 .95 .58 .97 .08
G-CSF 33 0-373 45 0-888 .007 | S 299 2 238 .08 .66 .34 .38
[FN-a 276 0-96 42 0-1,021 .02 4 il 96 33 .59 .95 83 .99 .06
|FN-vy 55 0-23 0 0-683 02" 55 .8 I55 i 21 53 172 .91 5
MIP-Ta 0 0112 25.4 0-1,305 < .001 .65 .03 .05 21 .87 74 .98 14 001t
MIP-18 21.8 4491 65.7 0-1,935 < .001 .67 3 .16 169 12 .03 .05 .07 74
HGF 129 0-433 391 0-11,572 < .001 .14 9 .02 .02 ) .39 .003 .54 .76
IP-10 22 4-97 72 513755 < .001 .08 17 19 02 i .006 < .001 < .001 .73
MIG 194 0-86 49 0-971 < .001 48 3 .08 .76 A4 .28 .01 A2 .04t
MCP-1 173 61-342 29) 62-1,705 001 .19 .009 T .87 .20 .07 2 .68 24
VEGF 1 0-2.7 2.3 0-47 < .001 42 42 .23 T2 .87 27 .89 .31 .32

Tefferi et al JCO 2011
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Inflammatory cytokine serum levels are increased in MF L L

Table 2. Cytokines Whose Plasma Levels Are Abnormally Increased (or decreased) in PMF and Their Relationship With Age, Sex, and Clinically Relevant Disease
Features at Time of First Referral at the Mayo Clinic

Controls All Patients With PMF B |
Cytokines (n = 35) N = 127) Constitutional  RBC Transfusion 1.0 = Plasma IL-8 e.md IL-2R in the normal range (n = 60)
- - Median survival, ~80 months

(pg/mL) Median Range  Median Range P Symptoms Dependency One or both cytokines elevated (n = 30)

IL-18 4 0-49 10.8 0-3,576 02 81 68 = 0.8 - Median survival, ~17 months

[L-TRA 203 2-119 5b2 37-9,991 <.001 .84 .62 .,C:)

IL-2R 2117/ 0-507 556 91-3,956 < .001 24 .001 B

I[-6 0.6 09 6.3 0-186 < .001 .03 .05 8‘ 0.6 -

IL-8 818 0-18 14.3 0-1,156 < .001 .004 .03 E_ |
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on 0.2+
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[FN-a 276 0-96 42 0-1,021 .02 4 il ' ' r y ' r

IFN-y 5.5 0-23 0 0-683 02* 55 8 0 20 40 60 80 100 120
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Inflammatory cytokine serum levels are increased in MF L L

Table 2. Cytokines Whose Plasma Levels Are Abnormally Increased (or decreased) in PMF and Their Relationship With Age, Sex, and Clinically Relevant Disease
Features at Time of First Referral at the Mayo Clinic
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MCP-1 173 61-342 29) 62-1,705 001 .19 .009 T .87 .20 .07 2 .68 24
VEGF 1 0-2.7 2.3 0-47 < .001 42 42 .23 T2 .87 27 .89 .31 .32

Tefferi et al JCO 2011




JAK inhibitors may ameliorate MPN (in part via IL-6 decrease?) pmniss @ 5

Patients with Myelofibrosis, Day 28 vs. Baseline
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JAK inhibitors may ameliorate MPN (in part via IL-6 decrease?) pmniss @ 5

Ruxolitinib
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HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)

JAK2V617F-mutant progeny produces local myeloid cytokines (e.g. IL-1beta, IL-6, TNF)
+ JAK2V617F-mutant HSC and progenitors may enhance their cell division activity (e.g. proliferation, differentiation)
+ Clonal hematopoiesis (CHIP) for JAK2V617F may be detectable by PCR/NGS diagnostics (7 Patient is at risk for MPN & cardiovascular diseases)

JAK2V617F-mutant differentiated cells accumulate in the peripheral blood and cause full-blown MPN
+ Systemic cytokines may cause chronic inflammatory symptoms (fever, night sweats, weight loss, fatigue, pruritus, ...)
+ Thrombocytosis, erythrocytosis, leukocytosis (mostly neutrophilia, monocytosis), splenomegaly
+ Highly increased risk of cardiovascular complications (e.g. thrombosis, bleeding, organ damage)

JAK2V617F-mutant cells induce inflammatory stimulation of non-clonal cells
+ Hematopoietic bystander cells (e.g. T cells, NK cells, other JAK2WT cells)

+ Non-hematopoietic microenvironment (e.g. endothelial cells, myofibroblasts) (1 In addition, certain endothelial cells may harbor the JAK2V617F mutatlon)

@@

‘




JAK2V617F clone alters normal hematopoiesis gl o
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HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation
+ This has been described to occur very early in life (e.g. in utero or early childhood)
* JAK2V617F has been shown to induce cycling of HSCs

JAK2V617F-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)

JAK2V617F-mutant progeny produces local myeloid cytokines (e.g. IL-1beta, IL-6, TNF)
+ JAK2V617F-mutant HSC and progenitors may enhance their cell division activity (e.g. proliferation, differentiation)
+ Clonal hematopoiesis (CHIP) for JAK2V617F may be detectable by PCR/NGS diagnostics (7 Patient is at risk for MPN & cardiovascular diseases)

JAK2V617F-mutant differentiated cells accumulate in the peripheral blood and cause full-blown MPN
+ Systemic cytokines may cause chronic inflammatory symptoms (fever, night sweats, weight loss, fatigue, pruritus, ...)
+ Thrombocytosis, erythrocytosis, leukocytosis (mostly neutrophilia, monocytosis), splenomegaly
+ Highly increased risk of cardiovascular complications (e.g. thrombosis, bleeding, organ damage)

JAK2V617F-mutant cells induce inflammatory stimulation of non-clonal cells

+ Hematopoietic bystander cells (e.g. T cells, NK cells, other JAK2WT cells)

* Non-hematopoietic microenvironment (e.g. endothelial cells, myofibroblasts) ([ In addition, certain endothelial cells may harbor the JAK2V617F mutatlon)
Non-clonal cells (T cells, mesenchymal stromal cells) maintain chronic inflammation and BM fibrosis

+ Production of inflammatory cytokines, which favor the malignant clone and suppress normal hematopoiesis (e.g. TNF, lipocalin-2, IL-1beta, IL-6)
» Production of profibrotic cytokines (e.g. profibrotic cytokines such as TGFbeta1)
S)

* These processes induce selection against TP53 WT in the hematopoietic compartment, favoring emergence of TP53 mutations (mutagenesis through RO

Eventually, disease progression occurs |




scRNAseq defines separate subgroups of BM stromal cells in MP
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Heterogeneous bone-marrow stromal progenitors
drive myelofibrosis via a druggable alarmin axis

Graphical Abstract
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In Brief

Leimkuhler and colleagues demonstrate
that mesenchymal stromal progenitor
cells are fibrosis-driving cells in mice and
patients, that inflammation in the bone-
marrow stroma precedes TGF-f§
signaling-driven fibrosis, and that the
alarmin heterocomplex S100A8/S100A9
holds promise as MPN progression
marker and therapeutic target.

Leimkiihler, Gleitz, Ronghui et al Cancer Stem Cell 2021 _
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Mesenchymal Stromal Cells (MSC)
® MSC-1: Adipogenic

® MSC-2: Osteogenic

® MSC-3: Transitioning

® MSC-4: IFNnen

Schwann Cell Progenitors (SCP)
® nmSCP: Non-Myelinating
® mSCP: Myelinating

Osteolineage Cells
® OLC: Osteoblast Like

Arterial Cells
® AC: Arterial Fibroblasts



Early interventions: Role of alarmins S100A8/A9 in MPN initiation fanpsai s

Target Identification (S100A8/A9) and Target Validation (Tasquinimod)’
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Early interventions: Role of alarmins S100A8/A9 in MPN initiation

Target Identification (S100A8/A9) and Target Validation (Tasquinimod)’
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Proof-of-concept Phase Il Clinical Trial — TasquForce MPN

Patient cohort: heavily pretreated patients with MPN and bone marrow fibrosis
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Summary and Outlook

Aspects of Inflammationin MPN

Pathogenesis

Diagnosis

Therapy

* Inflammatory
cytokines

» Other soluble factors

» Cellular interactions

» Prothrombotic state

» Fibrotic stimuli

» Contribution by clonal
cells (i.e. granulocytes,
monocytes, platelets)

» Contribution by non-
clonal cells (i.e. T and
NK cells, MDSC,
residual non-clonal
cells)

« Serum markers of
inflammation

» Clonal markers
(,Driver and
passenger
mutations®)

« Diagnosis in the
absence of a clonal
marker (i.e. Triple-

neg. MF, Triple-neg.

ET, MPN-U)
* Physiologic clonal
hematopoiesis

* JAK inhibitors

* (Peg-)Interferon
alpha

» Corticosteroids

* Immunomodulating
drugs (IMIDs)

* Imetelstat

* Pentraxin-2

» Other drugs

Koschmieder et al Leukemia 2016
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Personal view on MPN pathogenesis and the role of inflammation pnysair

1
&
*
et
@

HSC in the bone marrow (BM) acquires a somatic JAK2V617F (or CALR or MPL) driver mutation

+ This has been described to occur very early in life (e.g. in utero or early childhood) (unclear how frequent and what the triggers are)
* JAK2V617F has been shown to induce cycling of HSCs

JAK2VF-mutant HSC divide symmetrically or asymmetrically (distribution and influential factors are still unclear)

+ Symmetrical: JAK2V617F-mutant HSC generates another JAK2V617F pos HSC (unclear whether these 2° HSCs are biologically identical or have altered
function)

* Asymmetrical: JAK2V617F-mutant HSC differentiates into MPPs/CMPs/MEPs/GMPs (HSC differentiation may be skewed, e.g. towards megakaryocytes)
JAK2V617F-mutant progenitors proliferate and further differentiate

 Progenitor differentiation may be skewed (towards myeloid, away from lymphoid differentiation)

JAK2V617F-mutant progeny produces local myeloid cytokines (e.g. IL-1beta, IL-6, TNF)
+ JAK2V617F-mutant HSC and progenitors may enhance their cell division activity (e.g. proliferation, differentiation)
+ Clonal hematopoiesis (CHIP) for JAK2V617F may be detectable by PCR/NGS diagnostics (7 Patient is at risk for MPN & cardiovascular diseases)

JAK2V617F-mutant differentiated cells accumulate in the peripheral blood and cause full-blown MPN
+ Systemic cytokines may cause chronic inflammatory symptoms (fever, night sweats, weight loss, fatigue, pruritus, ...)
+ Thrombocytosis, erythrocytosis, leukocytosis (mostly neutrophilia, monocytosis), splenomegaly
+ Highly increased risk of cardiovascular complications (e.g. thrombosis, bleeding, organ damage)

JAK2V617F-mutant cells induce inflammatory stimulation of non-clonal cells

+ Hematopoietic bystander cells (e.g. T cells, NK cells, other JAK2WT cells)

* Non-hematopoietic microenvironment (e.g. endothelial cells, myofibroblasts) ([ In addition, certain endothelial cells may harbor the JAK2V617F mutatlon)
Non-clonal cells (T cells, mesenchymal stromal cells) maintain chronic inflammation and BM fibrosis

+ Production of inflammatory cytokines, which favor the malignant clone and suppress normal hematopoiesis (e.g. TNF, lipocalin-2, IL-1beta, IL-6)
» Production of profibrotic cytokines (e.g. profibrotic cytokines such as TGFbeta1)
S)

* These processes induce selection against TP53 WT in the hematopoietic compartment, favoring emergence of TP53 mutations (mutagenesis through RO

Eventually, disease progression occurs |

Koschmieder 2025 (unpublished) _




