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Acumulo de mutaciones somaticas y aparicion de clones mutantes
a lo largo de la vida
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Background mutations
unrelated to hematopoletic expansion

Early mutations that initiate
clonal expansion

e.q. TET2, DNMT3A, GNAS,
ASXL1, JAK2, SF3B1, PPM1D

Cooperating mutations
that contribute to disease features

e.g. RUNX1, IDH1, IDH2,
U2AFT, KRAS, NRAS, STAG2,
CEBPA, NPM1, FLT3

Steensma DP, Bejar R, Jaiswal S, Lindsley RC, Sekeres MA, Hasserjian RP, Ebert BL. Blood. 2015 Jul 2;126(1):9-16. doi: 10.1182/blood-2015-03-631747.
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clonal de potencial
indeterminado):
Conjunto de células
hematopoyéticas
Somatically
..., Mutated Cellsin procedentes de un clon
e eripheral Blood
generado por una
mutacion inductora, cuya
frecuencia alélica en
sangre sea de al menos
un 2%, en ausencia de
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Principales genes portadores de mutaciones
somaticas asociadas a expansion clonal

DNMT3A Implicado en demetilacion
TET2 Implicado en demetilacion. Modificaciones

epigenéticas
ASKL1 Represion transcripcional
TP53 Apoptosis y reparacion del DNA

JAK2 Crecimiento, diferenciacion y desarrollo




* NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Age-Related Clonal Hematopoiesis
Associated with Adverse Outcomes

Hematologic Cancer Events/No. at Risk Hazard Ratio (95% Cl)

Prevalencia de mutaciones
somaticas asociadas con No mutation (referent) 11/3208
hematopoyesis clonal JHS 10/2326

MEC 1/882 .

Mutation 5/134 " 11 (3.9-33)

JHS 3/83 7.1 (2.0-25)

MEC 2/51 - » 36 (4.9-270

Mutation, VAF =0.10 5/57 —————— 49 (2]-120)

JHS 3/34 = 21 (5.7-80)

he= ) MEC 2/23 — w90 (29-280)

No. with Mutation 1 50 138 282 219 37 14 LN U35 S TR AL |
Total 855 2894 5441 5002 2300 317 86 100

Frequency

Pt . -

Jaiswal S et al. N Engl J Med. 2014;371:2488-98.




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Age-Related Clonal Hematopoiesis
Associated with Adverse Outcomes

Age <70 Yr

No mutation (N=3940)

No mutation (N=963)

P=0.24 Y—A—H- 0. P<0.001 i

b)‘ Iog.rank test Mutation (N 141) by Iog-rank test G4 —

Mutation (N=106) —

Proportion Surviving
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Jaiswal S et al. N Engl J Med. 2014;371:2488-98.




Incidencia de enfermedad coronaria en funcion de CHIP en
diferentes cohortes

No. wit

CHD
CHIP and CHD HR (C195%) y o o r/isk p-value
Biolmage, no mutation (referent) 94/326
Biolmage, mutation 1.8(1.1-2.9) 19/44 0.03
MDC, no mutation (referent) 299/607
MDC, mutation —— 2.0(1.2-3.1) 21/33 0.003
» 7/-__';'3‘1( Fixed-effects meta-analysis 1.9 (1.4-2.7)
S ) A
((r‘ " 7 | S 1 0.5 1 2 4
= o / ﬁy A 4 Hazard Ratio
2> ," _J ]
“GE. A . :g . ;__,?i No. with
£ ; M
S fa e, , CHIP and early-onset MI OR (C195%) y, at/risk p-value
V=T :
o L ,: ATVB, no mutation (referent) 1716/3293
- ATVB, mutation —— B — 54(23-13) 37/43 0.0002

PROMIS, no mutation (referent) 2540/3909
PROMIS, mutation 3.4 (1.8-6.5) 52/65 0.0002

Jaiswal S et al. N EnglJ Med. 2017 13;377(2):111-121.



Calcio coronario en funcidn de la presencia y tamaino de CHIP

»
A - CHIP and coronary artery
calcification 2615 Agatston No. with

units by variant allele (95?}20 high CAC/ p-value
fraction (VAF) ) No. at risk

No mutation (referent) 30/207
Mutation R B 3.0(1.0-8.7) 7/19 0.05

VAF<0.10 —JIi}— 0.9 (0.2-4.5) 2/11 0.87*

VAFz0.10 —— 12(2.4-64) 5/8 0.002*

1 1
025 4 64 *P-value for test of

Odds Ratio heterogeneity 0.0
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Jaiswal S et al. Clonal Hematopoiesis and Risk of Atherosclerotic Cardiovascular Disease. N Engl J Med. 2017 Jul
13;377(2):111-121.




Individuals with established ASCVD (N =13,129)

Acquired mutations in
leukemia-associated genes

Clonal hematopoiesis of
indeterminate potential (CHIP)

Incident ASCVD or all-cause
mortality (aHR [95% CI])

aHR (95% CI) aHR (95% CI) aHR (95% CI)
No CHIP Ref. No CHIP Ref. No CHIP - B Ref.
CHIP  1.24(1.08-143) _|CHIP  1.28(1.09-1.51) DNMT3A - -~ 1.10 (0.93-1.30)
g TET2 -+ 1.72 (1.31-2.26)
ASXLT - 1.26 (1.00-1.60)

JAK2 - ~+ 1.85 (0.77-4.45)
DNA damage -
repair genges m - 1.40 (0.92-2.12)

Spliceogs.grrlr:: o -+ 2.49 (1.64-3.79)

ASCVD events All-cause mortality

Cumulative Incidence

T T T
12 0.5 1.0 2.0 5.0

Follow-up time (years) Follow-up time (years) Multivariable-adjusted
HR (95% ClI)

Gumuser ED, et al. ] Am Coll Cardiol. 2023 May 23;81(20):1996-2009.



1Sy HemnrHigia St Summary of association reported
T ~10% Ischemic Stroke .
between CHIP and cardiovascular

* diseases.
T ~80% Pulmonary Embolism™t
T ~40% Coronary Artery Disease * Not peer reviewed (preprint and preliminary analyses)
T ~25% Heart Failure T The increased risk due to large CHIP (VAF 20.10)
1T ~809% Aortic Stenosis” Abbreviations: CHIP, clonal hematopoiesis of indeterminate potential;

‘ o . % VAF, variant allele f :
T ~30% Atrial Fibrillation™ variant afiele frequency

T ~80% Abdominal Aortic Aneurysm’

T ~70% Peripheral Artery Disease”

Saadatagah S et al. Transl Res 2022:51931-5244(22)00200-6. doi:
10.1016/j.trs1.2022.08.013




El trasplante de MO deficiente en TET2 aumenta la lesion
aterosclerotica en un modelo de arteriosclerosis en raton
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Jaiswal S et al. N Engl J Med. 2017 Jul 13;377(2):111-121.



El deficit de TET2 favorece una mayor expression de IL13 a
traves del 1nﬂamosoma NLRP3

EED

Fuster JJ, et al. Science. 2017 Feb 24,355(6327):842-847.



Mecanismos por lo que la expansién clonal se asocia con
mayor riesgo de arteriosclerosis

 Mayor actividad inflamatoria = activacion del inflamosoma (NLRP3)
* Mayor activacion de los neutrofilos

Mayor interaccion de monocitos/macroéfagos clonales con el endotelio

Aumento de la formacion de NET (Neutrophil Extracellular Trap)

Cambios epigenéticos debido a la modulacion de la metilacion del ADN

Incremento de los procesos de trombogénesis y fibrosis

* Alteraciones en la reparacion vascular

Chemokines/cytokines

. " IL-6 Cxcl2
Epigenetic alteration Cxcl3 IL-18
NN NI NI NN 1 Cxcl1 Pf4

Peripheral blood i
DNMT3A
Tet2
.,
—_—

stem cells (pink) among
normal stem cells (blue)




A Primary End Point with Canakinumab, 50 mg, vs. Placebo B Primary End Point with Canakinumab, 150 mg, vs. Placebo
The NEW ENGLAND v % v B

257 Hazard ratio, 0.93 (95% Cl, 0.80-1.07) 257 Hazard ratio, 0.85 (95% Cl, 0.74-0.98)
JOURNAL of MEDICINE 1009 P=0.30 1007 P=0.021

90 20 e 20

ESTABLISHED IN 1812 SEPTEMBER 21, 2017 VOL. 377 NO.12

80 15 Placebo -

80 154 Placebo
70
60+ ~Canakinumab, 50 mg
50

Antiinflammatory Therapy with Canakinumab
for Atherosclerotic Disease

s . v_.—-"""'Crérrrlakinumab, 150 mg

P.M. Ridker, B.M. Everett, T. Thuren, J.G. MacFadyen, W.H. Chang, C. Ballantyne, F. Fonseca, J. Nicolau, W. Koenig,
S.D. Anker, J.J.P. Kastelein, |.H. Cornel, P. Pais, D. Pella, ). Genest, R. Cifkova, A. Lorenzatti, T. Forster, Z. Kobalava,
L. Vida-Simiti, M. Flather, H. Shimokawa, H. Ogawa, M. Dellborg, P.R.F. Rossi, R.P.T. Troquay, P. Libby,
and R.J. Glynn, for the CANTOS Trial Group*

40

Cumulative Incidence of
Primary End Point (%)
Cumulative Incidence of
Primary End Point (%)

Years Years

No. at Risk No. at Risk

Placebo 3344 3141 2973 2632 1266 210 Placebo 3344 3141 2973 2632 1266 210
Canakinumab 2170 2057 1950 1713 762 47 Canakinumab 2284 2151 2057 1849 907 207

C Primary End Point with Canakinumab, 300 mg, vs. Placebo D Key Secondary End Point with Canakinumab, 150 mg, vs. Placebo

lo0- 27 Hazard ratio, 0.36 (95% Cl, 0.75-0.99) loo. 257 Hazard ratio, 0.83 (95% Cl, 0.73-0.95)
P=0.031 P=0.005
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Cumulative Incidence of
Primary End Point (%)
Cumulative Incidence of
Secondary End Point (%)

0

No. at Risk No. at Risk
Placebo 3344 2973 2632 Placebo 3344 2921 2578
Canakinumab 2263 2038 1819 Canakinumab 2284 2039 1824




Figure 2. Association of Canakinumab and Placebo With Incident Major Adverse Cardiovascular Events (MACE)
According to TETZ Clonal Hematopoiesis of Indeterminate Potential (CHIP) Status

Ta| Patients without CHIP [B| Patients with CHIP 8’5% con CHIP
0.4+

0.4-

Hazard ratlo, 0.93; 95% Cl, 0.758-1.10;
P=138

Hazard ratio, 0.82; 95% Cl, 0.50-1.36;
P=45
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I ~25% Hemorrhagic Stroke Summary of association reported

T ~10% Ischemic Stroke

Background m .
hemat between CHIP and cardiovascular
diseases.
T ~80% Pulmonary Embolism™
T ~40% Coronary Artery Disease * Not peer reviewed (preprint and preliminary analyses)
e B T ~25% Heart Failure T The increased risk due to large CHIP (VAF 20.10)
,:;f_“:f,:u' SF381, P T ~80% Aortic Stenosis” Abbreviations: CHIP, clonal hematopoiesis of indeterminate potential;

VAF, variant allele frequency.

T ~30% Atrial Fibrillation™

T ~80% Abdominal Aortic Aneurysm'’
Cooperating mutations
that contribut

T ~70% Peripheral Artery Disease”

Saadatagah S et al. Trans! Res 2022:51931-5244(22)00200-6. doi:
10.1016/j.trs1.2022.08.013

Steensma DP, Bejar R, Jaiswal S, Lindsley RC, Sekeres MA, Hasserjian RP, Ebert BL. Blood. 2015 Jul 2;126(1):9-16. doi: 10.1182/blood-2015-03-631747.
. . .

Mecanismos por lo que la expansion clonal se asocia con

mayor riesgo de arteriosclerosis e e 8,5% con CHIP
* Mayor actividad inflamatoria = activacion del inflamosoma (NLRP3)
* Mayor activacién de los neutrdfilos
* Mayor interaccion de monocitos/macréfagos clonales con el endotelio
* Aumento de la formacién de NET (Neutrophil Extracellular Trap)
* Cambios epigenéticos debido a la modulacion de la metilacion del ADN

* Incremento de los procesos de trombogénesis y fibrosis

* Alteraciones en la reparacién vascular

Epigenatic alteration
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