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Myeloproliferative neoplasms
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Have been around for a long time....

SUR UNE FORME SPECIALE

DE CYANOSE SACCOMPAGNANT D’HYPERGLOBULIE EXCESSIVE ET
PERSISTANTE.

par M. H. VAQUEXZ.

C R Soc Biol (Paris) 1892

Hamorrhagische Thrombocythamie bei vasculiirer Schrumpfmilz.
Von

Privatdozent Dr. Emil Epstein und Privatdozent Dr. Alfred Goedel.
Mit 4 Abbildungen im Text.

(Eingegangen am 14. November 1933.)

Virchow’s Archiv Abetilung; 293; 233-247. 1934




Have been around for an even longer time ....

Identification of JAK2 mutations in canine primary polycythemia

Stephanie Beurlet™™*, Patricia Krief*", Arnaud Sansonetti*®, Alexandra Briend-Marchal®,
Jean-Jacques Kiladjian®, Rose Ann Padua™®, Christine Chomienne™"”, and Bruno Cassinat™""

Exp Hematol 39 542 2011



Myeloproliferative neoplasms

PV

* What causes it?

* Was it just bad luck?

* What causes the differences in disease between individuals?
 How long have | had it for?

* How fast did it grow?
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The code of life — counting chromosomes

Tjio and Levan 1955



A change in the ‘gene’ JAK2
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JAK2 mutations in MPN
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JAK2: 98% 50-60%

dentificati ¢ Recognition of Molecular testing i Therapeutic
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James et al, 2005; Baxter et al, 2005; Kralovics et al, 2005; Levine et al, 2005




The theme repeated... increased growth signal to

cells

JAK2 mutations

MPL mutations Other mutations
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99% PV
50-60% ET/MF
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3-4% ET LNK 6% MPNs
4—-8% MF CBL6% MF

? Pathogenic mechanism of 50% of ET and MF



CALR mutations in majority of JAK2-unmutated
MPNs
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Re: What we’ve been looking for?

On 13 Jul 2013, at 03:03, "Jyoti Nangalia"
<jn218 @cam.ac.uk<mailto:jn218@cam.ac.uk>> wrote:

Dear Peter,

Thanks for the meeting this morning to chat exomes/follow up. Later in the day, | stumbled across something unusual.
Having looked at it in further detail, | think it is really exciting and | now can't sleep. It may well be a recurrently mutated
gene found in the majority of JAK-ve ETs+MFs (or a very cruel artefact).

The gene is CALR (aka Calreticulin/CRT in the literature). Initially, there were two frameshift deletions found (two
different patients), both towards the C-terminus of the protein and both quite close to each other so | investigated
further.

| have now gone back to the original prefiltered outputs for the 170-ish exomes and have found a further 20 patients.
Uncanningly, every case is ET and MF, and according to my clinical information, all are JAK/MPL mutation negative. That
is over two-thirds of the JAK/MPL-ve cases we submitted. | have now gone to the 1000 follow ups and a quick scan of
the PINDEL'all' file has revealed a further 50 cases - 47 ET or MF, 2 SM, 1 CMML. No PVs at all. All cases are reportedly
JAK2/MPL mutation negative.


mailto:jn218@cam.ac.uk
mailto:jn218@cam.ac.uk

A new test for the clinic and patients....
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A new test for the clinic and patients....
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Several CALR antibody “first-in-human” trials ongoing...
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Changes in the JAK2, CALR and MPL genes drive

M PNS... . Polycythaemia Essential Myelofibrosis
Vera (PV) thrombocythaemia (MF)

(ET)

/l\

STATs

MAPK PI3K

- >90% patients have mutations in JAK/CALR/MPL
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Additional mutations in other genes also found....
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Germline genetics are important

1 N1 Prevalence and phenotypes of JAK2 V617F and
O n |y some in d VI d ud I S Calreticulin mutations in a Danish general population
i V617F
with JAK2V617F get MPN I e—
3
1in 33 individuals e
O&; 1
S
= 24
o
o
o
2 1,51
o
a . Mutation positives, total, N
< 1A
. MPN diagnosis, N
0,5 -
’ . >1 elevated blood cell counts, N
0 Elevated blood cell counts according
JAK2 V617F CALR . to WHO diagnostic criteria for MPN
(ET, PV, PMF), N

Xu et al, Blood 2007; Cordua et al, Blood 2019



Germline genetics are important

O N Iy some | N d |V | d ua I S Pre\.lale.nce and.phel.mtypes .of JAK2 V617F anc!

. V617F Calreticulin mutations in a Danish general population
with JAK2 get MPN %

3,5 1 B non-MPN MPN
1in 33 individuals )
e 2,5 1
Inherited germline risk £ 15 -
o 46/1 ha p|otype ng,:_ . . Mutation positives, total, N
° M P N GWAS os . MPN diagnosis, N
* DNA sites influencing normal g — B ;) 'dtb‘l’ b':"duce" e
evate ood cell counts accor: ng

. 0
o diagnostic criteria for
blood counts important JAKZV6ITF CALR I o 1O siegnosic rieris for PN




Myeloproliferative neoplasms

PV

* What caused it?

* Was it just bad luck?

* What causes the differences in disease between individuals?
 How long have | had it for?

* How fast did it grow?



Why do some patients get ET and others PV with JAK2?

EPO TPO
.ﬂ K ' 1. Higher levels of JAK2 - PV

Dupont et al, Blood 2007; Vannucchi et al,
Leukemia 2007; Passamonti et al, Leukemia
2010; Kittur et al, Cancer 2007
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Each person is unique in terms of age, gender, their own

Higher odds Higher odds
forET <« » for PV
9pUPD <0.001 .
JAKZ clone >50% —.T <0.001
NFE2 0.17
rs12340895 (G) —e—  (9p. JAKZ 46/1 haplcc))-tcy)rgz)

Age >60 —eo— 0.006
Male Sex —eo— <0.001

rs10758658 (A) 0.47 —e— (9p. Reduced MCH)
rs11042125 (T) <0.001 —e— (11p.Reduced Hb)
rs409801 (C) 0.14 —e— (9p. Increased Plt)
rs2236496 (C) 0.09 —e— (9p. Reduced MCV)
1 10

Odds ratio for Polycythemia vera

Grinfeld, Nangalia et al, 2018



Same applies to MF, although additional mutations are more
b

Higher odds Higher odds
forCP ¢— —— forMF
NRAS <0.001 . |
ZRSR2 ——e—0.004
7q ——e—— 0.004
U2AF1 —e— <0.001 ‘
SRSF2 —e— <0.001
EZH2 —e— 0.09 ‘
ASXL1 —e— <0.001
CBL —e— 0.11 ‘
1p <0.001 —o—
JAKZ clone >50% —€-<0.001 ‘
9p ——~ 0.006
Age >60 —e— 0.02 ‘
Male sex —— 0.006
rs11104870 (T) —®~ (.008 (12q. Reduced Plt)
rs13219787 (A) | —® .01 (6P Increased MCH) ‘
1 10 100

Odds ratio for Myelofibrosis
Grinfeld, Nangalia et al, 2018



Can take into account some of these factors to
personalize an individuals MPN

iy Sanger

MPN prediction model report . Sereenshot
predict

Report created on 2020-07-15 13:41:01 blood

Software ver. # 101

Home About Predict Blood ~ PredictBloodTool Gene Panel ~ Cohort Data ohort Mutations

Patient description: =
. Pationt solectoc: ET_JAK2 115 Predict Blood
+ Initia) diagnosis: Essential Thrombocytosis
« Mutations detected: JAX2, ASXLY, C12
+ Age: 62, Gender: M. Masmogiobin (DY 151. White ool count (x10°84) 13.2. Platelet count (x10* 91 823

Predict blood is an online research tool which
produces personalised predictions for patients with
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] 10 5 20 £ Predict asks for some details about the Predict is for clinicians, patients and their To read more go to About Predict Blood.
patient and the blood cancer. It then uses families.
Time fom Gagrosh (ress) data about the progression of disease and Patients should use it in consultation

Patient Outcomes:
Expecied median EFS: 12 yeariy)
Patient developed AML wityn 15 yoarts) of diagnosis

htt pS//b|OOd . predlCt n hs u k Grinfeld, Nangalia et al NEJM 2018

New website UKCA software 2023
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The challenge of making blood

The bone marrow makes 200 billion red cells and
10 billion white cells every single day.
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Every time one cell is made, the parent cell has to
divide into two cells.

© 2006 Encyclopadia Britannica, P'te*ﬁls



The challenge of making blood

red blood cells

The bone marrow makes 200 billion red cells and
10 billion white cells every single day.

Every time one cell is made, the parent cell has to
divide into two cells.

Every cell division requires a copy of
the entire DNA to be made by the
cell.

3 BILLION nucleotides of DNA need to
be copied each time.




Mistakes happen.....

17 mutations in every stem cell each year
100,000 stem cells in an adult
2% of our DNA codes for PROTEINS
One protein mutation every 15 minutes!




Mistakes happen.....
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But we use this to our advantage to understand

MPN
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Mutations
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A DNA CLOCK
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Patient cohort and experimental design
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Williams et al Nature 2022



Patient cohort and experimental design
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Patient cohort and experimental design

Years post diagnosis
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Starting from the zygote, all cells are acquiring mutations

Mutations in individual cells act as a natural barcodes

Williams et al Nature 2022



Years post diagnosis

Patient cohort and experimental design
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Starting from the zygote, all cells are acquiring mutations
Mutations in individual cells act as a natural barcodes
Mutations can trace family relationships back to start of life
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Using somatic mutations to build a phylogenetic
“tree”
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Using somatic mutations to build a phylogenetic
“tree”
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JAK2Vé17F is acquired in early life in MPN

PD7271 (ET diagnosed 21yrs)
Age at Sample

B 23

JAK2:p.V617FI

— 200

— 300

— 400

— 500

= 600

Wildtype haematopoiesis MPN clone
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Williams et al Nature 2022



In utero acquisition of CALR in monozygotic twins

Fertilized Embryos Birth Diagnosis
€gg : TET2 (frameshift) :
e = 514 SNVs; 240 indels
CALR del . .
rransfumnn: @ TWII‘I A
AN s‘ :
9 SNVs; 1 indel I ' H
I v
}
------- @ @ Twin B
: 705 SNVs; 44 indels .

Sousos, Ni Leathlobhair et al, Nature Medicine, 2022



JAK2 V617F is present in neonatal dried blood spots

Fractional abundance (%)
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Sousos, Ni Leathlobhair et al, Nature Medicine, 2022



JAK2Vé17F acquired “second”

PD6629 (ET diagnosed 54yrs)

2.6yrs
Age at Sample T
5 60 DNMT3Ap.Res2H] -~
" 62 10yrs ~-_ i l
26.7yrs ~._ _ JAK2:p.VE17F
Tl CBL |
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TET2p.Q744/™10) pey
PP WA g V27"
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PD6646 (ET diagnosed 76yrs)
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" 80
8 84
DNMT3A:p.?
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Williams et al Nature 2022
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Estimating growth rates of the clones
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Clone growth rates across MPN patients

PD6646
PD5179
PD4781

PD7271
PD9478
PD6646
PD5163
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PD6634
PD5117
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Clone growth rates across MPN patients

-> decades to expand
O LSS -> mid/late presentation
Fitness (% growth/yr)

TET2,JAK2,9pUPD R AU
9pUPD,JAK2 R e e s T
PD6646 JAK2,DNMT3A Do b
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DNMT3A ﬂ B -> early acquisition

Williams et al Nature 2022



Clone growth rates across MPN patients

-> decades to expand
O LSS -> mid/late presentation
Fitness (% growth/yr)

TET2,JAK2,9pUPD R AU ‘fast growers’
9pUPD,JAK2 R e e s T . .
PD6646 JAK2,DNMT3A . pa—y. o . W (i) Multiply mutated clades
PD5179 1g+,9q,JAK2,9+ S U -> |ate rapid expansions
PD4781 TET2JAK29pUPD,7p-7q-1 ' jtf +
TET2,JAK2,DNMT3A o]
PD7271 JAK2 SRR
PD9478 DNMT3A,JAK2 : :H—i: : : : :
PD6646 CBL,DNMT3A T S
JAK2,9pUPD ———
PD5163 JAK2 : }_H : : : : :
JAK2,DNMT3A CRYy
PD5163 DNMT3A ChA
PD5147 TET2,PPM1D T
DNMT3A M
PD6634 PPM1D W
PD5117 JAK2 M. . . . . .} ‘slowburners’
DNMT3A v _—
DNMT3A ﬂ B -> early acquisition

Williams et al Nature 2022



Summary

* Blood cancers are driven by acquired DNA mutations in blood stem cells

Variable speeds of growth of these abnormal clones — slow to fast — different cancers

Mutations can be acquired very early indeed.

Mutation acquisition is a normal part of our lives and occurs in all cells in all humans.

Understanding what influences the growth rates and slowing them down could enable
preventative strategies in the future.
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Thank you
and
Questions

Bridge of Sighs, St John’s College, Cambridge, UK



	Slide 1:       Jyoti Nangalia  Joyce Niblank MPN Patient Conference   
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Re: What we’ve been looking for?
	Slide 16
	Slide 17
	Slide 18: 11 years since CALR
	Slide 19: 11 years since CALR
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32: Can take into account some of these factors to personalize an individuals MPN 
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

