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TABLE 1 . Epigenome-wide association studies performed in each cohort

Smith et al. (2024) Meta-analysis (w/ AT status) Meta-analysis (wo/ AT status)

Biomarker CpG ID Coefficient p-value Coefficient p-value Coefficient p-value

YKL-40 cg07423149 −2.60 x 10−7 4.91 x 10−13 −2.19 x 10−2 1.45 x 10−17 −1.77 x 10−2 6.92 x 10−15

cg14085262 −1,49 x 10−7 2.62 x 10−12 −1.40 x 10−2 3.05 x 10−17 −1.20 x 10−2 4.54 x 10−16

cg03625911 −1,75 x 10−7 2.77 x 10−12 −1.31 x 10−2 2.80 x 10−15 −1.12 x 10−2 5.24 x 10−14

cg17014757 −4,81 x 10−7 1.44 x 10−11 −4.64 x 10−2 3.69 x 10−17 −3.68 x 10−2 3.89 x 10−14

cg08768186 −1,27 x 10−7 3.99 x 10−10 −9.88 x 10−3 4.46 x 10−12 −7.36 x 10−3 1.10 x 10−8

cg25482438 −7,78 x 10−8 1.19 x 10−7 −1.04 x 10−2 4.12 x 10−15 −8.33 x 10−3 1.05 x 10−12

cg02097014 −4,67 x 10−8 3.02 x 10−4 −5.56 x 10−2 1.32 x 10−8 −4.61 x 10−3 1.66 x 10−7

Neurofilament

light chain

cg16073540 −8.37× 10−6 1.46× 10−9 4.29× 10−4 0.27 5.93× 10−4 0.11

сg24329658 −7.58× 10−6 6.71× 10−9 −1.52× 10−4 0.58 −1.22× 10−4 0.64

cg26422266 −9.49× 10−6 8.28× 10−9 −8.37× 10−5 0.89 3.91× 10−4 0.51

сg12817352 −6.98× 10−6 2.16× 10−8 −1.22× 10−4 0.83 2.64× 10−4 0.62

сg16625929 −6.36× 10−6 2.45× 10−8 −4.53× 10−4 0.24 −3.49× 10−4 0.34

сg06064220 −6.70× 10−8 3.69× 10−8 2.69× 10−4 0.43 3.57× 10−4 0.27

cg14894702 1.03× 10−5 3.89× 10−8 −3.74× 10−5 0.78 −4.74× 10−5 0.71

Note: ComparisonofCpGs identified forYKL-40 andNfLby Smith et al. (2024)with theEWASmeta-analysis in theDELCODEandGR@ACEdatasets. TheCSF

amyloid-beta (A) and phosphorylated tau (T) positivity groupswere used as an additional covariate. w/ AT status: meta-analysis with AT status as a covariate.

wo/ AT status: meta-analysis without AT status as a covariate. For the meta-analysis, a fixed-effect model with inverse-variance weighting was utilized as

implemented in the R package metafor. The p-values presented in the table are unadjusted. The Bonferroni-corrected p-value threshold is pBonf = 5.94 ×

10−8 .

underscoring, as suggested by NfL findings, the need for larger studies

to identify additionalmethylation signals linked to CSF biomarkers and

disease progression.

ACKNOWLEDGMENTS

The authors thank the patients and controls who participated in this

project. Theywere processed following standard operating procedures

with the appropriate approval of the Ethical and Scientific Commit-

tee. All human subjects provided informed consent. Part of this study

was fundedby theGermanFederalMinistry of Education andResearch

(BMBF) within the EU program JPND (Grant number: PreADAPT

project 01ED2007A and Epi-AD project 01ED1614B) and by BMBF

(Grant numbers: DESCARTES project 01EK2102B and 01EK2102A).

Further support was obtained from the German Research Foundation

(DFG) grants numbers [RA1971/8-1] and [RA1971/7-1] to AR. N.L.M.

received support for this study from the project funded by theMedical

Research Council within the JPND PERSOMED (PREADAPT project

grant number MR/T046171/1). The authors acknowledge the support

of the Agency for Innovation and Entrepreneurship (VLAIO) grant N◦

PR067/21 and Janssen for the HARPONE project and the ADAPTED

project the EU/EFPIA Innovative Medicines Initiative Joint Undertak-

ing Grant N◦ 115975. Also, the Spanish Ministry of Science and Inno-

vation, Proyectos de Generación de Conocimiento grants PID2021-

122473OA-I00, PID2021-123462OB-I00 and PID2019-106625RB-

I00. ISCIII, Acción Estratégica en Salud integrated in the Spanish

National R+D+I Plan and financed by ISCIII Subdirección General de

Evaluación and the Fondo Europeo de Desarrollo Regional (FEDER

“Una manera de hacer Europa”) grants PI17/01474, PI19/00335,

PI22/01403 andPI22/00258. The support of CIBERNED (ISCIII) under

the grants CB06/05/2004 and CB18/05/00010. The support from

PREADAPT project, Joint Program for Neurodegenerative Diseases

(JPND) grant N◦AC19/00097, and fromDESCARTES project. The Sup-

port of Fundación bancaria “La Caixa”, Fundación ADEY, Fundación

Echevarne and Grifols SA (GR@ACE project). ACF received support

from the Instituto de Salud Carlos III (ISCIII) under the grant Sara Bor-

rell (CD22/00125). IdR is supported by the ISCIII 706 under the grant

FI20/00215. AR is also supported by STAR Award. University of Texas

System. Tx, United States, The South Texas ADRC. National Institute of

Aging. National Institutes of Health. USA. (P30AG066546), the Keith

M. Orme and Pat Vigeon Orme Endowed Chair in Alzheimer’s and

Neurodegenerative Diseases (2024–2025) and Patricia Ruth Freder-

ick Distinguished Chair for Precision Therapeutics in Alzheimer’s and

Neurodegenerative Diseases (2025–2028).

CONFLICT OF INTEREST STATEMENT

Katharina Buerger received honoraria or travel support from Lilly

Deutschland GmbH, Eisai GmbH, Roche Pharma AG, Novo Nordisk

Pharma GmbH. The rest of the authors declare that the research was

conducted in the absence of any relationships that could be construed

as apotential conflict of interest. Authordisclosures are available in the

supporting information.

Timo Kaleck1,2

Rafael Campos-Martin1

Amanda Cano3,4

Maria Victoria Fernández3

 1
5
5
2
5
2
7
9
, 2

0
2
5
, 9

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/alz.7

0
6
4
7
 b

y
 D

eu
tsch

es Z
en

tru
m

 fu
r N

eu
ro

d
eg

en
era E

rk
ran

k
u
n
g
en

 e. V
. (D

Z
N

E
), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

9
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se



LETTER TOTHE EDITOR 3 of 4

PamelaMartino-Adami1

Luca Kleineidam2,5

VictorM. Andrade Fuentes1

Kumar P. Tripathi1

Kayenat Parveen1,2

Raquel Puerta3,6

Itziar de Rojas3,7

Kishore A Ravichandran5

Oliver Peters8,9,10

Julian Hellmann-Regen8,9,10

Josef Priller8,11,12,13

Maria Gemenetzi8,11

Anja Schneider2,5

JensWiltfang14,15,16

EmrahDüzel17,18

Katharina Buerger19,20

Robert Perneczky19,21,22,23

Stefan Teipel24,25

Christoph Laske26,27

Frederic Brosseron5

MartaMarquié3,4

Daniel LA van denHove28

Mercè Boada3,4

Michael T. Heneka2,5,7

MichaelWagner2,5

NatalieMarchant29

Jean-Charles Lambert30

Ruth Frikke-Schmidt31

Frank Jessen5,32,33

Agustín Ruiz3,4,34

Alfredo Ramirez1,2,9,33,35

1Division of Neurogenetics andMolecular Psychiatry, Department of

Psychiatry and Psychotherapy, Faculty of Medicine and University Hospital

Cologne, University of Cologne, Cologne, Germany

2Department of Old Age Psychiatry and Cognitive Disorders, University

Hospital Bonn, Bonn, Germany

3Ace Alzheimer Center Barcelona, Universitat Internacional de Catalunya,

Barcelona, Spain

4Biomedical Research Networking Centre in Neurodegenerative Diseases

(CIBERNED), National Institute of Health Carlos III, Madrid, Spain

5German Center for Neurodegenerative Diseases (DZNE),

Venusberg-Campus 1, Bonn, Germany

6PhD Program in Biotechnology, Faculty of Pharmacy and Food Sciences,

University of Barcelona, Barcelona, Spain

7Luxembourg Centre for Systems Biomedicine (LCSB), University of

Luxembourg, Esch-sur-Alzette, Luxembourg

8German Center for Neurodegenerative Diseases (DZNE), Berlin, Germany

9Department of Psychiatry and Neurosciences, Charité

Universitätsmedizin Berlin, Berlin, Germany

10ECRC Experimental and Clinical Research Center, Charité

Universitätsmedizin Berlin, Berlin, Germany

11Department of Psychiatry and Psychotherapy, Charité, Berlin, Germany

12Department of Psychiatry and Psychotherapy and German Center for

Mental Health (DZPG), School of Medicine and Health, Technical University

of Munich, Munich, Germany

13University of Edinburgh and UKDementia Research Institute, London,

UK

14German Center for Neurodegenerative Diseases (DZNE), Goettingen,

Germany

15Department of Psychiatry and Psychotherapy, University Medical Center

Goettingen, University of Goettingen, Goettingen, Germany

16Neurosciences and Signaling Group, Institute of Biomedicine (iBiMED),

Department of Medical Sciences, University of Aveiro, Campus

Universitario de Santiago, Aveiro, Portugal

17German Center for Neurodegenerative Diseases (DZNE), Magdeburg,

Germany

18Institute of Cognitive Neurology and Dementia Research (IKND),

Otto-von-Guericke University, Magdeburg, Germany

19German Center for Neurodegenerative Diseases (DZNE, Munich),

Munich, Germany

20Institute for Stroke and Dementia Research (ISD), University Hospital,

LMUMunich, Munich, Germany

21Department of Psychiatry and Psychotherapy, University Hospital, LMU

Munich, Munich, Germany

22Munich Cluster for Systems Neurology (SyNergy) Munich, Munich,

Germany

23Ageing Epidemiology Research Unit (AGE), School of Public Health,

Imperial College London, London, UK

24German Center for Neurodegenerative Diseases (DZNE), Rostock,

Germany

25Department of Psychosomatic Medicine, Rostock UniversityMedical

Center, Rostock, Germany

26German Center for Neurodegenerative Diseases (DZNE), Tübingen,

Germany

27Section for Dementia Research, Hertie Institute for Clinical Brain

Research and Department of Psychiatry and Psychotherapy, University of

Tübingen, Tübingen, Germany

28Department of Psychiatry and Neuropsychology, School for Mental

Health and Neuroscience (MHeNs), Faculty of Health, Medicine and Life

Sciences (FHML), Maastricht University, Maastricht, The Netherlands

29Division of Psychiatry, University College London, London, UK

30Univ. Lille, Inserm, CHU Lille, Institut Pasteur de Lille, LabEx DISTALZ -

U1167-RID-AGE Facteurs de risque et déterminants moléculaires des

maladies liées au vieillissement, Lille, France

31Department of Clinical Biochemistry, Copenhagen University Hospital -

Rigshospitalet, Copenhagen N, Denmark

32Department of Psychiatry, University of Cologne, Medical Faculty,

Cologne, Germany

33Cologne Excellence Cluster on Cellular Stress Responses in

Aging-Associated Diseases (CECAD), University of Cologne, Cologne,

Germany

34Glenn Biggs Institute for Alzheimer’s & Neurodegenerative Diseases,

University of Texas Health Science Center, San Antonio, Texas, USA

 1
5
5
2
5
2
7
9
, 2

0
2
5
, 9

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/alz.7

0
6
4
7
 b

y
 D

eu
tsch

es Z
en

tru
m

 fu
r N

eu
ro

d
eg

en
era E

rk
ran

k
u
n
g
en

 e. V
. (D

Z
N

E
), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

9
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se



4 of 4 LETTER TOTHE EDITOR

35Department of Psychiatry & Glenn Biggs Institute for Alzheimer’s and

Neurodegenerative Diseases, University of Texas Health Science Center,

San Antonio, Texas, USA

Correspondence

Alfredo Ramirez, Division of Neurogenetics andMolecular Psychiatry,

Department of Psychiatry and Psychotherapy, University of Cologne,

Kerpener Strasse 62, 50924 Cologne, Germany.

Email: alfredo.ramirez-zuniga@uk-koeln.de

KEYWORDS

Alzheimer’s disease (AD), amyloid, biomarker, blood, cerebrospinal

fluid (CSF), DNA methylation, epigenetics, epigenome-wide asso-

ciation study (EWAS), neurofilament light (NfL), ptau, replication,

YKL-40

ORCID

AlfredoRamirez https://orcid.org/0000-0003-4991-763X

REFERENCES

1. Smith RG, Pishva E, Kouhsar M, et al. Blood DNA methylomic

signatures associated with CSF biomarkers of Alzheimer’s

disease in the EMIF-AD study. Alzheimers Dement. 2024;20:

6722-6739.

2. Hong S, Dobricic V, Ohlei O, et al. TMEM106B and CPOX are genetic

determinants of cerebrospinal fluid Alzheimer’s disease biomarker

levels. Alzheimers Dement. 2021;17:1628-1640.

3. Jessen F, Spottke A, Boecker H, et al. Design and first baseline

data of the DZNE multicenter observational study on predemen-

tia Alzheimer’s disease (DELCODE). Alzheimer’s Research and Therapy.

2018;10:15.

4. LacourA, EspinosaA, LouwersheimerE, et al. Genome-wide significant

risk factors for Alzheimer’s disease: role in progression to demen-

tia due to Alzheimer’s disease among subjects with mild cognitive

impairment.Mol Psychiatry. 2017;22:153-160.

5. Min JL, Hemani G, Davey Smith G, Relton C, Suderman M. Meffil:

efficient normalization and analysis of very large DNA methylation

datasets. Bioinformatics. 2018;34:3983-3989.

6. Campos-Martin R, Bey K, Elsner B, et al. Epigenome-wide anal-

ysis identifies methylome profiles linked to obsessive-compulsive

disorder, disease severity, and treatment response. Mol Psychiatry.

2023;28(10):4321-4330.

7. Martino Adami PV, Orellana A, García P, et al. Matrix metallopro-

teinase 10 is linked to the risk of progression to dementia of the

Alzheimer’s type. Brain. 2022;145(7):2507-2517.

8. Xu Z, Niu L, Li L, Taylor JA. ENmix: a novel background correction

method for Illumina HumanMethylation450 BeadChip. Nucleic Acids

Res. 2016;44:e20.

9. BellenguezC, Kucukali F, Jansen IE, et al. New insights into the genetic

etiology of Alzheimer’s disease and related dementias. Nat Genet.

2022;54:412-436.

10. Bavato F, Barro C, Schnider LK, et al. Introducing neurofilament light

chain measure in psychiatry: current evidence, opportunities, and

pitfalls.Mol Psychiatry. 2024;29:2543-2559.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Kaleck T, Campos-Martin R, Cano A,

et al. Replication of blood DNAmethylomic signatures

associated with cerebrospinal fluid levels of YKL-40 andNfL

biomarkers. Alzheimer’s Dement. 2025;21:e70647.

https://doi.org/10.1002/alz.70647

 1
5
5
2
5
2
7
9
, 2

0
2
5
, 9

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/alz.7

0
6
4
7
 b

y
 D

eu
tsch

es Z
en

tru
m

 fu
r N

eu
ro

d
eg

en
era E

rk
ran

k
u
n
g
en

 e. V
. (D

Z
N

E
), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

9
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se


