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The Einstein Center for Epigenomics: studying the role of

epigenomic dysregulation in human disease

There is increasing interest in the role of epigenetic and transcriptional
dysregulation in the pathogenesis of a range of human diseases, not just
in the best-studied example of cancer. It is, however, quite difficult for
an individual investigator to perform these studies, as they involve
genome-wide molecular assays combined with sophisticated computational
analytical approaches of very large datasets that may be generated from
various resources and technologies. In 2008, the Albert Einstein College
of Medicine in New York, USA established a Center for Epigenomics to
facilitate the research programs of its investigators, providing shared
resources for genome-wide assays and for data analysis. As a result,
several avenues of research are now expanding, with cancer epigenomics
being complemented by studies of the epigenomics of infectious disease

and a neuroepigenomics program.
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While mutation of a gene is an obvi-
ous means of causing cellular pathology,
the abnormal silencing or activation of a
gene is another means of inducing simi-
lar problems. Transcriptional regulation
is influenced not only by DNA sequence,
but also by sequence-specific mechanisms
(e.g., binding of transcription factors or
noncoding RNAs) and relatively sequence-
nonspecific mechanisms, such as cytosine
methylation, post-translational modifica-
tions of histones, nucleosomal positioning,
and probably other influences such as his-
tone variants [1]. Since at least some of the
latter sequence-nonspecific processes medi-
ate epigenetic regulatory processes such as
genomic imprinting and X chromosome
inactivation [2,3], they have been referred to
as epigenetic regulators, extending the defi-
nition to encompass genome-wide studies
as ‘epigenomic’.

As we have pointed out in a previous
review [4], this definition is inaccurate but
convenient. There is at present a substan-
tial surge in interest in testing how these
epigenetic regulatory mechanisms may
contribute to human diseases, for a number
of reasons. These include the recognition
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from gene-expression microarray experi-
ments that transcriptional dysregulation
of specific genes appears to characterize
certain diseases, prompting investigators
to take the next step to understand the
regulatory processes influencing these pat-
terns. Furthermore, we now appreciate
that epigenetic regulatory processes can be
influenced by a number of environmental
factors, age and sex, and that diseases other
than cancer appear to involve a contribution
of epigenetic dysregulation [4].

If an investigator wants to study these
epigenomic regulators in their system of
interest, they have the choice of focusing
on a locus of interest for gene-specific stud-
ies, or extending the studies genome-wide.
Increasingly, the latter is the preferred pri-
mary option for a number of reasons, not
only because there may be many loci of
interest from the outset, but also because at
a specific gene the regulatory sites are prob-
ably not restricted to the canonical pro-
moter sequence. As initiatives such as the
ENCODE project 5] are beginning to dem-
onstrate the presence of potentially func-
tional elements in nonpromoter sequences
and the feasibility of genome-wide assays to
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study epigenetic and transcriptional regula-
tors, the usual strategy is now shifting to an
initial ‘discovery’” approach to define can-
didate loci at which subsequent targeted,
quantitative studies are focused.

However, it is difficult for individual
investigators to establish these assays in
their own laboratories, in part because the
molecular assays are reasonably special-
ized (e.g., microarray or massively-parallel
sequencing [MPS]), but even more due
to the difficulty in managing, organizing
and analyzing the extremely large datasets
resulting from these experiments.

Einstein Center

for Epigenomics

To overcome both of these hurdles, the
Albert Einstein College of Medicine
(NY, USA) established a Center for
Epigenomics during 2008. The Center
is located in the institution’s new Center
for Genetics and Translational Medicine
(Ficure 1) on the Einstein campus. This
building houses not only the ‘Epigenomics
Shared Facility’ (ESF) where microarray
and MPS-based assays are performed, but
also the Computational and Statistical
Epigenomics Group and their high-per-
formance computing resources. The com-
ponents of the Center for Epigenomics are
depicted in Ficure 2.

Figure 1. The Einstein Center for
Epigenomics is located in the new
Michael F Price Center for Genetics
and Translational Medicine located in
the Harold and Muriel Block Research
Pavilion. This building brings together
investigators in a number of disciplines
with the goal of fostering their
interactions, with epigenomics being a
major emphasis.
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The organization of the Center is
designed to facilitate both the ability to
perform experiments and the interactions
between the scientists involved. By per-
forming assays through a shared facility,
from which the data flow to servers where
analyses are performed, we move the
experimental burden from the investiga-
tor to the shared facilities, thus allowing
the investigator to focus on the biological
aspects of their projects.

Epigenomics shared facility

This shared facility is staffed by one PhD-
level junior faculty member and two
MS-level research assistants. The techno-
logies used at present include Roche-
NimbleGen (WI, USA) long oligonucleo-
tide microarrays, and both Illumina GA II
(Solexa, CA, USA) and Roche FLX (454)
MPS technologies. The epigenomic assays
offered by the ESF have been rolled out in
a sequential manner, with the early prior-
ity placed on chromatin immunoprecipita-
tion (ChIP) studies, both microarray-based
(ChIP-chip) and MPS-based (ChIP-seq),
cytosine methylation assays (microarray
or MPS-based HELP [¢]) and MPS-based
microRNA assays (miRNA-seq). Samples
are submitted following information cap-
ture through a web-based laboratory infor-
mation management system (LIMS), with
capture of experimental information in the
ESF to the same LIMS. Following comple-
tion of the assay, the data quality is assessed
by ESF staff and the datasets transferred to
the Epigenomics high-performance com-
puting (HPC) resource. Data captured
from each stage of the process, through
sample submission, processing and analysis,
are stored in a MySQL database.

Virtualization of the

center environment

As the Center for Epigenomics is not a
physical entity, but includes investiga-
tors from the several Einstein campuses
and external collaborators, we rely heav-
ily on web-based resources to allow the
interactions necessary for a productive
community of researchers. As interactions
between investigators, ESF and computa-
tional epigenomics personnel are encour-
aged, we maintain an email LISTSERV
to announce upcoming meetings, semi-
nars, tutorials or other opportunities for
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interaction. Protocols, sample submission
guidelines, contact information and ana-
lytical resources are available as web-based
resources prior to initiating an experiment.

The sample submission system designed
for the ESF consists of an integrated seman-
tic wiki and web application environment
developed using a combination of leading
technologies such as Semantic MediaWiki,
Ruby on Rails and AJAX. WikiLIMS,
developed by the BioTeam [101] is a LIMS
system developed specifically for MPS
experiments, which we have further mod-
ified with integrated dynamic scripting
to allow intelligent experiment-specific
capture of sample information and other
metadata into the relational database.

Cancer
epigenomics

Physiology of
epigenome
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The user interface allows the investigator
to submit sample information easily, to
monitor experimental progress in the ESF,
and to access results of the experiment, not
only data quality metrics, but also links
to genome browser tracks or other visu-
alization tools. The wiki environment
allows users to create their own pages in
a free-form manner, and facilitates the
implementation of a sophisticated elec-
tronic laboratory notebook. Within their
personal wikispace, users can create text,
upload images and even add links to data
files. We are developing this resource to
anticipate greater overall use of electronic
laboratory notebooks in coming years,
with the epigenomics implementation as
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Epigenomic dysregulation
in human disease
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Figure 2. The organization of Einstein’s Center for Epigenomics is designed to foster several avenues of research, of which
studies of human diseases is a major emphasis. By tightly integrating the activities of the data generating and data analytical
components of the Center, a streamlined system of sample handling and analysis can be created that allows investigators to perform
epigenomics projects that would be otherwise difficult to initiate.
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a test case for wider institutional use. We
also expect that our wikiLIMS will sig-
nificantly facilitate data sharing and public
darta deposition.

The management of epigenomic data-
sets generated using microarrays or MPS
is an increasingly complicated issue. These
datasets are based on imaging data at the
outset, requiring substantial data storage
resources unless strategic decisions are
made to discard the primary images, which
in turn requires that sufficient information
has been extracted from the images prior
to their disposal. We maintain a buffer of
several months’ worth of image data, and
store these and derived data within the
central HPC resource. This HPC resource
includes an Infiniband® connected cluster
of 24 dual quad-core AMD Opteron pro-
cessors with over 650 GB RAM and 10
TB of local storage, coupled with a Sun
AMD 8-core server with 100 TB RAID
for medium-term storage of experimental
data. The cluster is configured with all
of the necessary bioinformatic tools to
perform varied data analysis, including
homology and similarity search, read-
mapping, genome assembly, protein and
sequence analysis and visualization. This
resource provides a single location for both
the storage and analysis of data obtained
from high-throughput experiments, allow-
ing the computational epigenomicists
to perform analysis remotely, avoiding
the large volume of network traffic and
potential for error inherent in download-
ing data to their own machines. The
ESF also maintains a full mirror of the
UCSC genome browser and all associated
databases, further reducing the need for
transfer of large files across the network.
Automated pipeline analyses to process
data are placed in a secured production
environment, and there is a constant drive
to evaluate additional and better methods
of analysis. In addition, there is ongoing
development in parallel of new analyti-
cal approaches within the same comput-
ing resource. While we have developed
and adopted some computational tools
to meet our short-term need for helping
investigators to inspect and analyze data
from our current experiments (e.g., HELD,
ChIP-seq and ChIP-chip), we also commit
computational personnel for mid- to long-
term software development and support.
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With time, new versions of the pipeline
analytical approaches will be moved to
the production environment, and more
sophisticated data analysis and integration
software is expected to be developed. By
encouraging the use of our experimental
and computational resources by research-
ers attempting to develop new data explo-
ration and analytical algorithms, we hope
to provide a fertile environment for the
ongoing development and implementation
of epigenomic analytical tools.

We recognize that the single greatest dif-
ficulty with epigenomics research today is
the computational and statistical analysis
of these datasets, prompting our focus on
investing in this specific area as our major
priority. We have put in place several dedi-
cated computational researchers and plan
to recruit more, so that we can balance our
computational support with new research
in the computation area. As byproducts of
this emphasis, we are creating a substan-
tial virtual environment for the Center, in
which we hope researchers and trainees
can interact productively, moving their
research from a primary molecular focus
towards a more bioinformatic emphasis.
In addition to software support, we also
plan for outreach by training the Einstein
research community.

Research areas

Epigenomics research tends to break
down into three major categories: the
study of the normal physiology of the epi-
genome; its dysregulation in disease; and
the development of novel technologies
with which to study the epigenome. The
tools used for each category are molecu-
lar assays and bioinformatic and/or sta-
tistical analysis. At Einstein, all of these
areas are active, but we are attempting
to drive development towards two areas
of perceived strength — computational
epigenomics and studies of human dis-
eases other than cancer. There have been
several publications of computational
analytical approaches, epigenomic anno-
tations or tools from Einstein research-
ers [7-11], and with the establishment of
Einstein’s new Department of Systems
and Computational Biology, we hope to
continue to build on this foundation by
facilitating the work of the expanded group
of researchers hired to this department.
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While cancer epigenomics has been the
major human disease application to date,
including for Einstein researchers [12-14],
our goal is to promote the study of other
diseases that are currently less recognized
as involving epigenomic dysregulation. In
particular, we would like to develop ongo-
ing work in the epigenomics of infectious
disease [15,16] and in neuroepigenomics [17].
It is this desire to facilitate epigenomic
studies by researchers for whom there is
minimal or no precedent for such studies
in their field that has prompted our efforts
to create the ESF and analytical resources
described above.

Clinical epigenomics

The purpose of the Center for Epigenomics
is, ultimately, to drive the understanding
of how epigenetic dysregulation contrib-
utes to human disease. At some point,
therefore, the work performed will move
from animal models or cell lines to clini-
cal samples. This will cause problems, not
least of which will be the limited amount
of sample from human subjects, and the
greater degree of contamination of the
desired cell type by admixture with other
cells. Miniaturization of assays to allow
limited cell numbers to be tested is there-
fore a major priority, and has been an area
of progress for the Center investigators
recently [6].

We also face a practical issue of the
choice of an epigenomic assay to perform
on the clinical samples. While cytosine
methylation is only one facet of the epi-
genome, it is substantially easier to study
than chromatin structure or constitu-
ents from biopsies, not only because the
amount of sample needed often exceeds
that possible from minimally invasive
biopsy techniques, but mostly because
the preparation of the samples for ChIP
requires immediate processing through
a lengthy series of steps. This is why
cytosine methylation remains the best-
studied epigenomic regulator in human
disease studies.

The other problem that is emerging is
more troublesome. It appears that some
disease-associated changes in cytosine
methylation are statistically significant, but
marginal in degree and potentially hetero-
geneous across cell populations [18], and
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may occur at nonpromoter locations [19].
This requires that our epigenomic assays
be as comprehensive as possible in terms
of genomic coverage, while retaining the
ability to discriminate effects that may be
occurring in subpopulations of cells. While
the quantitative aspects of ChIP-chip and
ChIP-seq have not been established and
remain in an exploratory phase, there is
some recent evidence for MPS-based cyto-
sine methylation assays to be reasonably
quantitative (to the point that they may be
able to resolve as little as 20% differences
in methylation [20]). There is clearly room
for improvement as we move epigenomic
studies into the clinical arena.

Future perspective

In the next several years we expect to
see a pronounced increase in interest in
the study of epigenomic dysregulation in
human disease, working back from dis-
ease associations to studies of the poten-
tial dysregulatory influences, whether
toxic, dietary, age-related, infectious or
other. The challenge will decreasingly be
to perform molecular assays, and increas-
ingly to develop robust means of inter-
preting the results. While in part this
will unavoidably require personnel from
molecular laboratories to gain expertise in
bioinformatics and statistics, an institu-
tion benefits from shared facilities that
shoulder this burden. Einstein’s Center
for Epigenomics is likely to become pre-
dominantly a computational and statisti-
cal epigenomics resource over time, with
the goal of allowing a productive environ-
ment for testing and exploring hypoth-
eses about the epigenome in a range of
organisms and over a wide spectrum of
human diseases.
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