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Disease	diagnosis	for	AD	using	cell-free	DNA	



Cell-free	DNA	(cfDNA)

• Short	DNA	fragments	in	plasma	
that	don’t	belong	to	any	cell.

• Released	from	blood	cells/dead	
tissue	cells/external	cells.

• Examples	of	cfDNA:
o In	cancer	patients,	circulating	tumor	DNA	

(ctDNA).

o In	pregnant	women,	cell-free	fetal	DNA	
(cffDNA).



Motivation	to	study	cfDNA

• Has	great	potentials	to	be	diagnostic	biomarker:	
o Non	invasive.	

o Early	detection.	

o Cheap	and	easy.

“liquid	biopsy”.



Cancer	detection	and	assessment



cfDNA	as	diagnostic	biomarker

• The	essence	is	to	diagnose	based	on	“abnormal”	cfDNA.	

• Currently	the	information	of	“abnormality”	is	based	on	
mutations.	
o cfDNA	with	unusually	high	number	of	mutations	are	deemed	

abnormal,	and	can	be	linked	to	disease.		

• So	far	the	application	of	cfDNA	are	mostly	limited	to	
“mutation-rich”	diseases	such	as	cancer,	NIPT,	etc.	

• The	principal	cannot	be	directly	applied	for	mutation-poor	
diseases,	such	as	AD.



cfDNA	epigenetics

• It	is	known	that	epigenetic	signatures	are	highly	
tissue-specific.

• It	is	possible	to	explore	the	epigenetic	information	
on	cfDNA,	and	then	link	those	to	diseases.

• Existing	works:
o DNA	methylation	(Sun	et	al.	2015	PNAS).
o Nucleosome	position	(Snyder	et	al.	2016	Cell).	



cfDNA	epigenetic	biomarker

• cfDNA	is	a	mixture	of	DNA	from	different	tissues.	

• AD	leads	to	change	of	mixing	proportions	(greater	
proportion	of	cfDNA	from	brain	in	AD	cases),	thus	
the	marginal	epigenetic	profiles.	

• Use	epigenetic	profiles	at	selected	genomic	regions	
as	predictors	for	disease.			



Prediction	method

• We	investigated	and	compared	methods	to
– Use	cfDNA	markers

– Use	estimated	mixing	proportions
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Abstract
Disease diagnosis using cell-free DNA (cfDNA) has been an active research field recently. Most existing approaches perform
diagnosis based on the detection of sequence variants on cfDNA; thus, their applications are limited to diseases associated
with high mutation rate such as cancer. Recent developments start to exploit the epigenetic information on cfDNA, which
could have substantially wider applications. In this work, we provide thorough reviews and discussions on the statistical
method developments and data analysis strategies for using cfDNA epigenetic profiles, in particular DNA methylation, to
construct disease diagnostic models. We focus on two important aspects: marker selection and prediction model construc-
tion, under different scenarios. We perform simulations and real data analysis to compare different approaches, and pro-
vide recommendations for data analysis.
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Introduction
Prognosis and diagnosis play vital roles in the prevention and
treatment of diseases. Traditionally, various types of surgical
biopsies such as bone marrow or needle biopsies are performed
in clinical setting, especially for cancer diagnosis [1]. However,
because of the invasive nature of the procedure and the poten-
tial sampling bias of tumor biopsy, surgical biopsy is often not a
preferred choice. As an alternative to surgical biopsy, research-
ers and clinicians have been looking for molecular biomarkers
for disease diagnosis. These biomarkers, either genetic or epige-
netic, carry various indicative features for biological or disease
states. They help achieve disease state detection, subtypes clas-
sification, progression prediction and response-to-treatment
characterization [2]. The scope of molecular biomarker discov-
ery has been greatly expanded during the past two decades,
because of the advances of high-throughput genomics technol-
ogies such as microarray and next-generation sequencing. For
example, based on gene expression microarray data, Prediction
Analysis for Microarrays (PAM) identified a subset of gene bio-
markers for cancer class prediction [3]. The PAM50 panel, which

tests a group of 50 selected genes, has become the de facto gold
standard for breast cancer subtype classification and metastasis
prediction [4]. Zilliox et al. [5] created the ‘gene expression
barcode’, which was trained on public gene expression microar-
ray data, and can predict for a number of diseases given a new
microarray data set.

In recent years, disease diagnosis based on molecular bio-
markers in specimen, including blood, urine and cerebral spinal
fluid, has gain tremendous attention. For example, the practice
to look for traces of cancer DNA by interrogating biomarkers on
plasma-isolated cell-free DNA (cfDNA) or circulating tumor DNA
(ctDNA) is known as ‘liquid biopsy’ [6]. As a safer, cheaper and
quicker alternative to surgical biopsy, the liquid biopsy has
great potential in clinical practice. cfDNAs are short DNA frag-
ments ("160–180 base pairs) existing in plasma. When normal
cells undergo apoptosis in a healthy individual, DNA fragments
from the cells are shredded and released to blood stream. Thus,
cfDNA is a mixture of DNA fragments from different cell types.
In cancer patients, the cfDNA includes some ctDNA, which are
DNA fragments released from cancer cells [7]. As a hallmark of
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cfDNA 5hmC	data	for	AD

• Sample:	
– 10	healthy	young	people
– 10	healthy	old	people
– 10	AD	patients

• Sample	source:	plasma
• Sequencing	technology:	hmC-Seal	sequencing
• Measurement:	genome-wide	5-hydroxymethylcytosine	

(5hmC)	level



Data	processing

• Genome	was	cut	into	bins	with	5kb	length	each

• 5hmC	level	was	calculated	for	all	the	bins	for	each	sample

• Find	the	differentially	hydroxymethylation regions	
(DhMR)	between
– 10	old	samples	vs	10	young	samples	(209	DhMRs)

– 10	old	samples	vs	10	AD	samples	(296	DhMRs)

• Use	DhMR as	predictors	for	AD	prediction
– Marker	selection	is	the	key



Preliminary	prediction	results

85%	accuracy

Pred AD Pred normal

True	AD 9 1

True normal 2 8



Future	plan

• Larger	sample	size.

• 5mC	sequencing	of	cfDNA.	

• New	statistical	method	development:
– Feature	selection.

– Sample	deconvolution.

– Integrated	5mC/5hmC/nucleosome	positioning	model.
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