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Blood 2015: Clonal hematopoiesis of indeterminate potential and its distinction from myelodysplastic syndromes; Jul 2;126(1):9-16.
Atherosclerosis 2020: Clonal hematopoiesis driven by somatic mutations: A new player inatherosclerotic cardiovascular disease; 297 (2020), 120-126



Clinical relevance — CHIP

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Age-Related Clonal Hematopoiesis
Associated with Adverse Outcomes
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Cause specific mortality HR(C195%) No atrisk P-value
n=4,775
Cancer L 0.9(0.4-2.2) 5/213 0.86
Cardiovascular = 1.4(0.9-2.3) 19/213 0.15
VAF =0.10 = 1.9(1.1-35) 12/93 0033
VAF <0.10 " 1.0(0.5-2.3) 7/120 097
Other/unadjudicated — 1.0(0.7-1.6) 23/161 0.79
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CONCLUSIONS

Age-related clonal hematopoiesis is a common condition that is associated with
increases in the risk of hematologic cancer and in all-cause mortality, with the lat-
ter possibly due to an increased risk of cardiovascular disease. (Funded by the Na-
tional Institutes of Health and others.)

TUTI

Technische Universitat Minchen

0.5+
0.4
- WES data (n=17,182)
Z 0.3
g
=
g 0.2
[V
0.1
0.0
5 B @ S @ O d O S
A w4 @ A U LN
A S U G- G G - § \QQ/
Age (yr)
No. with Mutation 0 1 50 138 282 219 37 14 5
Total 240 855 2894 5441 5002 2300 317 86 17

Figure 1. Prevalence of Somatic Mutations, According to Age.

Colored bands, in increasingly lighter shades, represent the 50th, 75th,
and 95th percentiles.

NEJM 2014: Age-related clonal hematopoiesis associated with adverse outcomes; 371(26):2488-98




Risks associated with developing incident coronary heart disease using traditional
CV risk factors and mutations (Jackson Heart Study and Fusion)

RF (n=2,286) HR (95%Cl)

CHIP (VAF = 0.1) 4.4 (1.9-10.5)

T2D 3.5 (2.2-5.5)
TC > 240mg/dl 2.0 (1.3-3.1)
Smoking (ever) 1.6 (1.1-2.5)
Hypertension 1.4 (0.9-2.3)
BMI > 25 1.3 (0.6-2.8)

<0.001

<0.001

<0.001
0.02
0.15
0.42

NEJM 2014: Age-related clonal hematopoiesis associated with adverse outcomes; 371(26):2488-98



HYPOTHESIS




» CAD CHIP mutation carriers are at increased mortality risk

> increased risk of cardiovascular events (Ml, stroke, death) is
based on a more complex atherosclerotic phenotype

» underlying mechanisms (i.e. inflammatory signatures) might
be identified studying CHIP affected macrophages
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Tissues & Organs

Identification of CHIP mutated cells

in human tissues and organs
inducing local effects

von Scheidt et al. - Leukocytes carrying Clonal Hematopoiesis of Indeterminate Potential (CHIP) Mutations invade Human Atherosclerotic Plaque. medRxiv 2023



HUMAN CLINICAL DATA
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von Scheidt et al. - unpublished
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741+£92 69.0%10.9 0.511 [0.460, 0.566]
494 (24.7%) 1364 (23.0%)  0.032 [-0.019, 0.083]
274+43 27647 -0.064  [-0.115,-0.013]
172+01  1.73+0.1 0122  [-0.173,-0.071]
814+153 83.2+16.2 0119  [-0.169, -0.068]

1829 (91.4%) 5233 (88.2%)  0.086 [0.036, 0.137]
769 (38.4%) 2510 (42.3%)  -0.065  [-0.116, -0.015]
585 (29.2%) 1551 (26.2%)  0.056 [0.005, 0.106]
160 (8.0%) 465 (7.8%) 0.005 [-0.046, 0.055]
541 (27.0%) 1857 (31.3%)  -0.078  [-0.128, -0.027]
1271 (63.5%) 3804 (64.1%)

658 (32.9%) 1938 (32.7%)  0.003 [-0.047, 0.054]
73 (3.7%) 189 (3.2%)

537 (26.8%) 1814 (30.6%) -0.068 [-0.119, -0.018]

von Scheidt et al. - unpublished
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TUTI
CHIP in CAD - Individual CHIP Genes
VAF =22% VAF =210%
gene mutations death
DNMT3A 994 1.35
TET2 597 1.36
ASXL1 243 1.74
PPM1D 156 1.95
TP53 107 1.66
SF3B1 87 1.82
SRSF2 73 2.32
JAK2 64 1.76 > JAK2 29 3.78
CBL 46 1.17
ZRSR2 40 1.49
U2AF1 40 2.55
MPL 17 2.15
CALR 9 2.70 > CALR 5 11.5

)

von Scheidt et al. - unpublished



MISSION BIOBANK DATA
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MISSION Biobank CHIP (n=359)
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von Scheidt et al. - Leukocytes carrying Clonal Hematopoiesis of Indeterminate Potential (CHIP) Mutations invade Human Atherosclerotic Plaque. medRxiv 2023




799+6.3 79.4+76
9(34.6%) 4(30.8%)  0.81
26.3+43 263+29  1.00
167+01 1.68+01  0.77
741+154 74181  1.00

9.6+158 422+175 0.64
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Age and sex matched (n=26 TET2-CHIP vs. n=13 non-CHIP)
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Age and sex matched (n=26 TET2-CHIP vs. n=13 non-CHIP)
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TET2 CHIP in MISSION Biobank — Proteomics -

Top enriched gene ontologies; p.adjust < 0.05
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PLAQUE STABILITY

Age and sex matched (n=26 TET2-CHIP vs. n=13 non-CHIP)
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production.

Conclusion: TET2 CHIP status is associated with atherosclerotic plaque instability.

Age and sex matched (n=26 TET2-CHIP vs. n=13 non-CHIP)



STARNET MACROPHAGE DATA
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Traits x TET2 CHIP status | p-value

Age  603+120 618+82 0.82 1 3551040
Sex(m) | 3(100%) 21(100%) 1
BMI  280+49 286+50 0.86 1.23x10-""
Hypertension 2 14 (n=20) 1 2.55x10-10
Dyslipidemia 2 14 (n=20) 1 <0.001
Nicotinaever 2  7(n=20)  0.54 0900
Diabetes 0 4(n=20) 1 0.02
PriorMI 1 7(n=20) 1
TET2 DGE (CHIP vs WT)
R »~ LINC01882
L IGKV3-15 T cell receptor complex (GO:0042101) - N
< ¢ - opsonization (GO:0008228)-=
- v el rIGHG2 immune response mediated by circulating immunoglobulin (GO:0002455) - Ontology
&0 3 82w LIGHAT complement activation, classical pathway (GO:OOOSQSB)-=
2 BMSIPI0. & 1 i< os® peptide cross-linking (GO:0018149) -
o5 e T4 . regulation of humoral immune response (GO:0002920)-=
kX regulation of complement activation (GO:0030449) -
] . Fe receptor mediated stimulatory signaling pathway (G0:0002431) - =
immunoglobulin complex, circulating (GO:0042571) -
= T T T T T immunoglobulin receptor binding (GO:0034987)- Il
-4 -2 0 2 4 0 2 4 6
logFC -log10 p.g

Conclusion: TET2 CHIP status in human monocyte derived macrophages is associated
with atherosclerosis, CAD complexity and upregulation of inflammatory pathways.

STARNET - Collaboration with Prof. Bjorkegren



IN-VITRO MACROPHAGE DATA
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In-vitro data of TET2 CHIP macrophages

Work of Dr. Shaunak Adkar (STANFORD)
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Conclusion: TET2 CHIP status in human macrophages is associated with increased
inflammation, and uptake of LDL- and ox-LDL-cholesterol in-vitro.

STANFORD - Collaboration with Dr. Adkar / Prof. Leeper / Prof. Jaiswal



CONCLUSION
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Summa ry & Conclusion

»  CHIP is the strongest (modifiable) CV risk factor — driven by inflammation
»  We established the largest single center CHIP-CAD cohort worldwide
»  CHIP is common, 1 out of 3 CAD patients is CHIP positive

» 7 individual CHIP mutations were associated with mortality at VAF 22%
(ASXL1, DNMT3A, PPM1D, SF3B1, SRSF2, TET2 and U2AF1)

»  We visualized CHIP mutated leukocytes in human atherosclerotic plaques (MutaFISH)

»  TET2 CHIP status was associated with upregulation of inflammatory and metabolic pathways including lipid metabolism, and an
aggravated atherosclerosis phenotype including plaque instability in MISSION

»  TET2 CHIP affected macrophages were associated with CAD and CAD complexity in STARNET

»  TET2 CHIP affected macrophages showed increased LDL and ox-LDL-uptake in-vitro (Dr. Adkar)

Clinical perspective: It appears likely that TET2 CHIP mutation carriers might particularly profit from anti-
inflammatory therapy as well as from aggresive lipid lowering treatment strategies.
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Deutsches CHIP Register e.V.
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Herzlich Willkommen
Deutsches

CHIP
Register e.V.

Alle Informationen fiir Betroffene, Arzte und Wissenschaftler.
Erfassung longitudinaler Daten zum Verlauf von CHIP.
Einfache Anmeldung und individuelle Betreuung.

Mehr erfahren
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