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RELEVANCE OF CHIP



Definition 

Presence of acquired mutation, VAF ≥2%, no hematological neoplasms 

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

WES data (n=17,182)

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



Clinical relevance – CHIP

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)

P-valueHR (95%CI)RF (n=2,286)

<0.0014.4 (1.9-10.5)CHIP (VAF ≥ 0.1)

<0.0013.5 (2.2-5.5)T2D

<0.0012.0 (1.3-3.1)TC > 240mg/dl

0.021.6 (1.1-2.5)Smoking (ever)

0.151.4 (0.9-2.3)Hypertension

0.421.3 (0.6-2.8)BMI > 25



HYPOTHESIS



Hypothesis

 CAD CHIP mutation carriers are at increased mortality risk 

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

 underlying mechanisms (i.e. inflammatory signatures) might 
be identified studying CHIP affected macrophages



CHIP in atherosclerotic plaques

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



CHIP CAD cohort – Study workflow

CAD patients
(n=8,699)

CHIP positive
(n=2,002)

1:1 propensity score matching
(k-nearest neighbour)

Mortality risk assessment

CHIP 
(n=2,001)

no CHIP 
(n=2,001)

Excluded
- VAF < 2%
- FU < 1.5y
- Missing 

covariates

von Scheidt et al. - unpublished



CHIP CAD cohort – baseline characteristics

Matched cohortUnmatched cohort

CI of SD
Standardized 

difference
no CHIP 
(n=2001)

CHIP 
(n=2001)

CI of SD 
Standardized 

difference
no CHIP 
(n=5931)

CHIP 
(n=2002)

[-0.062, 0.062]-0.00074.1 ± 9.274.1 ± 9.2[0.460, 0.566]0.51169.0 ± 10.974.1 ± 9.2Age
[-0.064, 0.060]-0.002495 (24.7%)494 (24.6%)[-0.019, 0.083]0.0321364 (23.0%)494 (24.7%)Sex (f)
[-0.041, 0.083]0.02127.3 ± 4.427.4 ± 4.3[-0.115, -0.013]-0.06427.6 ± 4.727.4 ± 4.3BMI
[-0.043, 0.081]0.0191.72 ± 0.11.72 ± 0.1[-0.173, -0.071]-0.1221.73 ± 0.11.72 ± 0.1Height
[-0.029, 0.095]0.03380.9 ± 15.181.4 ± 15.3[-0.169, -0.068]-0.11983.2 ± 16.281.4 ± 15.3Weight
[-0.081, 0.043]-0.0191842 (92.1%)1829 (91.4%)[0.036, 0.137]0.0865233 (88.2%)1829 (91.4%)Hypertension
[-0.044, 0.080]0.018748 (37.4%)769 (38.4%)[-0.116, -0.015]-0.0652510 (42.3%)769 (38.4%)Nicotine ever
[-0.005, 0.119]0.057522 (26.1%)585 (29.2%)[0.005, 0.106]0.0561551 (26.2%)585 (29.2%)Diabetes
[-0.053, 0.071]0.009154 (7.7%)160 (8.0%)[-0.046, 0.055]0.005465 (7.8%)160 (8.0%)Insulin
[-0.115, 0.008]-0.054600 (30.0%)541 (27.0%)[-0.128, -0.027]-0.0781857 (31.3%)541 (27.0%)Family history

[-0.056, 0.068]0.006
1245 (62.2%) 
677 (33.8%) 

79 (4.0%)

1270 (63.5%) 
658 (32.9%) 

73 (3.7%)
[-0.047, 0.054]0.003

3804 (64.1%) 
1938 (32.7%) 

189 (3.2%)

1271 (63.5%) 
658 (32.9%) 

73 (3.7%)
LV function

[-0.104, 0.020]-0.042583 (29.1%)537 (26.8%)[-0.119, -0.018]-0.0681814 (30.6%)537 (26.8%)Prior MI

von Scheidt et al. - unpublished



CHIP in CAD – Mortality (VAF>2%)

von Scheidt et al. - unpublished

HR 1.48 (CI 95% 1.23-1.78); p<0.0001

VAF≥2%



CHIP in CAD – Mortality (VAF>10%)

von Scheidt et al. - unpublished

HR 2.02 (CI 95% 1.46-2.81); p<0.0001

VAF≥10%



CHIP in CAD – Individual CHIP Genes

von Scheidt et al. - unpublished

HR 
(death)

# of CHIP 
mutations

Affected
gene

1.35994DNMT3A
1.36597TET2
1.74243ASXL1
1.95156PPM1D
1.66107TP53
1.8287SF3B1
2.3273SRSF2
1.7664JAK2
1.1746CBL
1.4940ZRSR2 
2.5540U2AF1
2.1517MPL
2.709CALR

VAF ≥2% VAF ≥10%

3.7829JAK2

11.55CALR



MISSION BIOBANK DATA



MISSION Biobank (n=1,517)

MISSION Biobank CHIP (n=359)



UNICORN – Multi Modal Transformer

Koch et al. - unpublished



UNICORN – Multi Modal Transformer

Koch et al. - unpublished



CHIP in CAD – Mortality

von Scheidt et al. - Invasion of CHIP mutated hematopoietic cells into human atherosclerotic plaque (unpublished)

MutaFISH – DNMT3A, c.2333T>G (RNA based)

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

+



TET2 CHIP in MISSION Biobank – Cohort

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

p-value
no CHIP 
(n=13)

TET2 CHIP 
(n=26)

0.8379.4 ± 7.679.9 ± 6.3Age
0.814 (30.8%)9 (34.6%)Sex (f)
1.0026.3 ± 2.926.3 ± 4.3BMI
0.771.68 ± 0.11.67 ± 0.1Height
1.0074.1 ± 8.174.1 ± 15.4Weight
0.6442.2 ± 17.539.6 ± 15.8PMI

More complex CAD in TET2 CHIP 
based on histological assessment.

CHIP

no CHIP



TET2 CHIP in MISSION Biobank – Cohort

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

p-value
no CHIP 
(n=13)

TET2 CHIP 
(n=26)

0.8379.4 ± 7.679.9 ± 6.3Age
0.814 (30.8%)9 (34.6%)Sex (f)
1.0026.3 ± 2.926.3 ± 4.3BMI
0.771.68 ± 0.11.67 ± 0.1Height
1.0074.1 ± 8.174.1 ± 15.4Weight
0.6442.2 ± 17.539.6 ± 15.8PMI

More complex CAD in TET2 CHIP 
based on histological assessment.

AG Prof. Mann



TET2 CHIP in MISSION Biobank – Proteomics

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



TET2 CHIP in MISSION Biobank – Proteomics

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

PLAQUE STABILITY



TET2 CHIP in MISSION Biobank – Proteomics

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

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



RNAseq data – TET2 CHIP macrophages

STARNET – Collaboration with Prof. Björkegren

p-value
no CHIP 

(=21) 
TET2 CHIP 

(n=3) 
0.82 61.8 ± 8.2 60.3 ± 12.0Age

121 (100%)3 (100%)Sex (m) 
0.86 28.6 ± 5.0 28.0 ± 4.9 BMI

114 (n=20) 2Hypertension 
114 (n=20)2Dyslipidemia

0.547 (n=20)2Nicotine ever
14 (n=20) 0Diabetes 
17 (n=20) 1Prior MI

p-valueTraits x TET2 CHIP status
1.35x10-40Atherosclerotic lesions

1.23x10-11Complexity of CAD 
(SYNTAX score)

2.55x10-10Coronary artery Disease
<0.001BMI 
0.002Creatinine plasma levels
0.02Total cholesterol 

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



IN-VITRO MACROPHAGE DATA



In-vitro data of TET2 CHIP macrophages

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

Work of Dr. Shaunak Adkar (STANFORD)
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CONCLUSION



Summary & 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 ≥2%
(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.



Prospective Studies 

CADPT15A12201
Phase IIa Trial (RCT)
Started Q1/2024

IL1b and IL18 antibody
in CHIP CAD patients 
with prior MI (n=32)

12 weeks

Surrogat outcome

CANCHIP (PI TUM)
Phase III Trial (RCT)
Starting Q3/2025?

Canakinumab (IL1b) 
in CHIP CAD patients
(n=2000)

Event driven

Clinical events



Deutsches CHIP Register e.V.



Thank you for your attention!
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