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Blood chromatin as a biosensor of the epigenetic

milieu: a tool for studies in living psychiatric

patients

This article constructs an argument for using blood chromatin (contained in nucleated blood cells) as a
protein biosensor to integrate the ambient epigenetic influences in the internal milieu. An analogy is
made to blood glycated hemoglobin (HbA1c) in diabetes as an integrated proxy for glucose levels and
body-wide protein glycation. Genome-wide chromatin can serve as an organizing principle that bridges
the central and peripheral compartments by entraining commensurable gene networks. Chromatin
deposition along these networks will be imposed by the totality of epigenetic influences, which
incorporates significant contributions from biochemicals that readily traverse the blood-brain barrier.
In a clinical trial, these influences would be dominated by pharmaceuticals designed to override
pathophysiological signals. In practice, mRNA readouts would be limited to nonsynaptic gene networks
whose critical nodes are occupied by a site-specific chromatin modification. Finally, chromatin
measurements in peripheral tissue will retain the influences of a patient’s lifestyle and unique genomic

background.

KEYWORDS: blood brain chromatin histone

remodeling schizophrenia

Post-mortem brain research has revealed numer-
ous nonsynaptic proteins that distinguish
between psychiatric disorders and these offer
promising new targets. Many of these targets
are involved in gene regulation such as nuclear
chromatin, and consequently are not unique
to neurons. Furthermore, these proteins are
expressed in a broad array of cell types and
are functionally regulated by biomolecules
that freely traverse the central and peripheral
compartments.

This article argues for a clinical (as applied to
living human subjects) use of peripheral levels
of specifically modified histone proteins, which
are structural units of chromatin assemblies
(Ficure 1). This approach relies on the concept
of a ‘blood level’, as opposed to a ‘disease-
specific biomarker’. Conceptually this type of
blood level would be similar to a physiologi-
cal or pharmcological blood level. More pre-
cisely, blood levels of a modified histone protein
are conceptually equivalent to blood levels of
another widely used protein biosensor — that
is, glycated hemoglobin (HbAlc) blood levels.
HbAlc provides an ‘integrated summary’ of
blood glucose over a finite time period (Taste 1).
Extending the analogy, HbAIc is not itself part
of the receptor-mediated control of insulin by
ambient glucose but is a valuable proxy for
protein glycation in many end organs.
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Chromatin modifications are multiple
& multifunctional

Chromatin is a complex of DNA and protein
located in the cell nucleus, and is now known
to exert a dominant role in the transcription
of genes along the encased DNA strand. The
fundamental assembled unit of this complex is
the nucleosome depicted in Ficure 1. There are
numerous sites along the histone amino acid
sequence where post-translational modifica-
tions are known to impact chromatin configu-
ration and gene expression. Consider the H3
histone protein: acetylation at lysines 9, 14, 18
and 23, and methylation at lysines 4, 36 and
79 results in an open chromatin configuration,
while methylation at lysines 9 and 27 results
in a closed configuration [1]. The author’s own
research has focused on the clinical blood levels
of the modified H3K9 residue. [2-5]. The H3K9
residue can either be acetylated or methylated.
When acetylated, the local chromatin is in an
‘open’ configuration, and is conducive to gene
regulation. When methylated, the local chroma-
tin is in a ‘closed’ configuration and is restric-
tive to transcription, and is sometimes called
‘heterochromatin’. Thus, heterochromatin is
characterized by either the paucity of acetylated
H3K9 (H3K9ac) or the presence of a hallmark
histone signature, that is, di- or tri-methylation
of H3 (H3K9me2/3). H3K9me?2 is one example
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Figure 1. Nucleosome structure and histone tail. Depiction of DNA strand
(red) wrapped around the nucleosome comprised of histone proteins. Amino acid
residues along histone ‘tail" are numbered, and in this representation, the yellow
box indicates H3K9, whose acetylation (H3K9ac) or methylation (H3K9me2)
comprise a regulatory switch. The H3K9 locus is one of several sites that are known

to influence gene transcription.

of a theoretically useful modification to iden-
tify chromatin repressed gene networks. This
derives from the following observations: it is
a stable and durable modification; H3K9me2
occupancy is associated predominantly with
repression of the gene promoter [67]; it is the
high-affinity ligand for the attachment of HP1
protein and in this role serves as the gateway to
the assembly of an even more restrictive and pos-
sibly more resistant type of heterochromatin via
the coordination of DNA methylation on site;
and it has recently been reported that H3K9me2
is modified by cocaine, a psychostimulant and
psychotomimetic [8-10].

Epigenetic modifiers are ambient in
both peripheral & central
compartments

Chromatin in both peripheral and central com-
partments is exposed to/regulated by a common
array of nonsynaptic biochemical modifiers.
Environmental events such as inflammatory
responses (cytokines/interleukins and antibod-
ies) [11], viral infections [12], lipids [13] and drugs of
abuse (cocaine [14], alcohol [15] and nicotine [16])
have currently known chromatin-remodeling
effects. It is clear that biochemicals with intracel-
lular effects such as alcohol or antiepileptics freely
traverse both compartments, and in the case of
valproic acid, act directly on chromatin levels [2-s].
Nuclear receptor ligands including vitamins, thy-
roid hormones and steroid hormones (glucocor-
ticoids, estrogens and progesterone) function as
‘chromatin switches’ whose attachment to cog-
nate DNA sequences results in the recruitment of

epigenetic modifying enzymes including histone
acetyltransferases, histone deactylases (HDACs)
and histone methyltransferases [17-20]. This broad
array of known epigenetic influences contributes
to a ‘total’ epigenetic milieu and is capable of
accruing overtime, such as the increasingly chro-
matin-restricted genome across the developmental
trajectory. It should be noted that all epigenetic
modifiers may not be present in all cells under all
circumstances, but such cell-specific differences
are likely to be diminished by the presence of a
powerful pharmaceutical agent as in a clinical trial.
Pharmaceuticals such as commonly used
psychotropics with receptor-binding properties
(all antipsychotics, antidepressants and benzo-
diazepines) must transit the blood stream before
entering the brain. In the blood stream, they
must interact with circulating peripheral blood
mononuclear cells (PBMCs), which express a
wide array of nonsynaptic membrane receptors.
These nonsynaptic receptors include those that
have demonstrable chromatin-modifying effects,
such as the dopamine D2-D5 receptors [21,22],
serotonin receptors [23], adrenergic receptors [24],
dopamine and serotonin transporters [25], nico-
tine [26] and opioid receptors [27]. It is almost cer-
tain that cellular signaling cascades triggered by
these membrane receptors will contribute to the
totality of changes in PBMC chromatin [23).

What to measure in living patients:
global modifications, gene networks
or single promoters?

Global changes in histone modifications, which
can be measured in total nuclear extracts, are
induced by most physiological/pharmaceutical
influences [2-5,11,29], as well as by knockouts of
key enzymes [8.30]. Global histone measures are
correlated with well-defined cellular or neurobio-
logical functioning [31]. Therefore, global levels of
a particular histone modification(s) would repre-
sent a raw summary of the epigenetic influences
operative during a period and could be used to
monitor experimental pharmacology in a clinical
treatment trial.

The open or closed nature of chromatin
assemblies can also be assessed by measuring
gene expression levels in peripheral tissue. This
is because mRNA transcription is the ‘readout’
of chromatin assemblies. Network or single-gene
promoter studies usually conducted with chro-
matin immunoprecipitation (ChIP) have already
demonstrated involvement of chromatin remod-
eling in single-gene expression relevant to CNS
disease [32]. We have shown that GADG7, as an
example of an epigenetically regulated prototypic
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schizophrenia gene, can be transcribed in a dose-
dependent manner by an HDAC inhibitor in
PBMC:s from living patients [4]. Progressing from
single-gene readouts to nodal patterns of selected
gene networks is intuitive because any given chro-
matin modification has a genome-wide distribu-
tion and is likely to occupy promoter networks
common to all cells across the central—peripheral
divide (see next section). Consequently, gene-
expression comparisons must be limited to
chromatin-entrained network(s) that are com-
mensurably regulated in both central and periph-
eral compartments (Ficure 2). Importantly, the
poised states of chromatin not being reflected
by expression must be considered when measur-
ing the ‘epigenetic temperature’ at a particular
promoter or genomic sequence (see next section).

Genome-wide transcription &
chromatin-entrained networks
Chromatin-containing PBMCs are not neurons
and clearly cannot be used to monitor synaptic
proteins. Consequently, the use of peripheral tis-
sue is best supported if mRNA measurements
are limited to nonsynaptic proteins whose both
expression and function are common to PBMCs

and neurons. In this common domain, there are
three categories of chromatin occupancy that
could theoretically be similar between PBMCs
and neurons: open chromatin with active expres-
sion; open chromatin with poised but inactive
expression; and repressed chromatin with silent
expression. There is strong evidence of similar
chromatin-expression patterns across tissue types
as noted below. As a backdrop, we note that
patient-specific PBMC:s carry the full complement
of genetic variation (e.g., promoter SNPs) and
chromatin enzymes also present in the neuron.

m Overlapping patterns

Genome-wide mRNA expression across
tissues

Genome-wide mRNA expression data, now
known as the transcriptome map, have striking
similarities in gene expression across tissues such as
brain and mesodermal tissue [33,34]. Furthermore,
Middleton et al. have now demonstrated that
mRNA-expression patterns in PBMCs can dis-
tinguish between psychiatric diagnostic groups,
which by definition are diseases of brain tissue
(35]. In this study, using mRNA-expression differ-
ences from PBMC:s for predictive classification,

PERSPECTIVE

Table 1. Comparison of a widely accepted peripheral protein sensor (blood glycated hemoglobin) and a

putative peripheral histone sensor for chromatin modifications.

Characteristics
Chemical bond
Mechanism

Intraindividual variation without
perturbation

Measured protein

Proxy for

Predictive purpose

Lifespan of host cell; minimum duration of
perturbation (days)

Reversibility of the modification

HbA1c and PBMC histones will not predict

RBC: Red blood cell.

RBC HbA1c protein

Covalent

Nonenzymatic

<1% [57]

RBC hemoglobin

Whole-body glycation of amino acids, AGE
and their receptor activity at RAGE

Level of nonenzymatic glycation of various
proteins and AGE, collagen and the
pathological outcomes at RAGE
(demyelination, amyloid proteins in the
brain, collagen, fibrinogen and acrylamide
released)

120

Advanced glycation products are generally
irreversible

Long-term irreversible outcome of AGE in
protein crosslinking in numerous protein
species

AGE: Advanced glycation end products; HbATc: Glycated hemoglobin; PBMC: Peripheral blood mononuclear cell; RAGE: Receptor for advanced glycation end products,

PBMC histone protein
Covalent
Enzymatic

<5% across 12 weeks [49]

PBMC nuclear histones

Whole-body equilibrium between epigenetic
environment and the status of histone
acetylation or methylation

Regulation of genome-wide gene expression.
The chromatin regulation of nonsynaptic gene
networks relating to energy metabolism,
inflammation, apoptosis and signaling
cascades will be uniformly entrained by the
epigenetic milieu and may be comparable

30

Each modification site may have different
temporal dynamics. Acetylation or
deacetylation is rapid. Histone methylation is
a more stable and durable modification [17)

PBMC chromatin will not proxy for
synapse-associated mRNA expression
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Figure 2. H3K9 dimethylation-entrained gene networks revealed by
ChIP-Seq. Promoter networks that are entrained by the restrictive H3K9
dimethylation (H3K9me2) mark are hypothesized to be enriched in schizophrenia
brain (represented as the darker colors) [10]. Two types of networks can be excavated
based on promoter occupancy and ontologies/networks. A neurobiological network
with the densest occupancy by H3K9me2 can be utilized for neurobiological
comparison in brain samples (green network). A parallel network based on common
cell physiology (blue network) that shows enrichment in both brain and lymphocyte
(peripheral blood mononuclear cell; arrow) from schizophrenia patients can be
utilized to monitor H3K9-based network regulation in living patients and with
pharmacological treatment. A finite selection of hubs/nodes (red borders) can be
utilized for comparison of MRNA expression.
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greater than 85% diagnostic accuracy was
achieved. Among the identified signals were pro-
teins linked to chromatin remodeling (e.g., Sin3
and the SWI/SNF complex) [35]. In addition, the
cytogenetic loci of differentially expressed genes
mapped remarkably well to the genetic-linkage
map locations identified by population genetic
studies from both schizophrenia and bipolar
sibling-pair analyses. Sullivan ez al. report that
50% of a set of schizophrenia candidate genes
(including GADG7) were comparably expressed
in PBMC:s and the brain [2.36,37).

Genome-wide chromatin maps across
tissues

How similar is the genome-wide chromatin map
between neuronal and non-neuronal tissue? This
question is informed by two studies charting the
occupancy of two separate histone modifica-
tions, namely H3k4me3 (a mark of active pro-
moters [38]) and H3K9me2 (a mark of restrictive
chromatin [39]). Findings applicable to our pro-
posal are that only 6213 out of 15,204 annotated
promoters (40.8%) were neuron-specific com-
pared with PBMCs or conversely almost 60%
of active genes marked by H3K4me3 are com-
mon to both neurons and PBMCs. Likewise,

Wen et al. have compared adult mouse brain
versus liver using H3K9me2 ChIP and DNA
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sequencing, and demonstrate that identical gene
promoters occupied by H3K9me?2 are silenced
in both tissues, suggesting an equivalent chro-
matin—-mRNA relationship for many genes in
either neuronal versus non-neuronal tissue [39].
We have demonstrated this equivalence at the
single candidate-gene level with the GADG7
promoter showing epigenetic regulation in both
brain and PBMC:s [2,37].

Repressed promoters are insulated from
tissue-specific transcription factors, and have
significantly less variability in expression across
tissues [39]. Consequently, chromatin deposited on
repressed cellular networks maybe a better proxy
for the effects of systemic biomolecules as noted
above, and particulatly the response to a phar-
maceutical modifier such as an HDAC inhibitor
(Fieure 2). The ‘opening’ of a previously repressed
promoter should be a clearly interpretable readout
and, hypothetically, the clinical response could
be linked to the ‘lighting up’ of commensurate
nonsynaptic networks. Genes involved in energy
metabolism are an example of a nonsynaptic net-
work that could be monitored [40]. The measure-
ment of this readout in circulating PBMCs would
approximate changes in CNS chromatin exposed
to a common pharmaceutical modifier (Ficure 2).

Nonsynaptic gene networks in
post-mortem brain of psychiatric
disorders
If chromatin levels in the PBMC are to be a
useful proxy in clinical psychiatric studies, two
requirements must be satisfied. The first require-
ment would be to identify abnormally regulated
gene networks in the diseased brain. The second
requirement would be to select, from among
these ‘diseased” networks, one that is chromatin
entrained and commensurately regulated in both
neuron and PBMC. By necessity, these would
need to be nonsynaptic networks. Towards the
first requirement, several gene networks not pri-
marily linked to synaptic neurotransmission are
now identified to be differentially regulated in the
brains of psychiatric subjects. These include genes
connected to inflammation and apoptosis [41],
immune function [42.43], energy metabolism [40],
arachidonic acid signaling and prostaglandins
(44], housekeeping functions (translation, tran-
scription, energy conversion and metabolism) and
stress response (heat shock and biotic stress) [40].

What these studies clearly establish are dif-
ferences in expression between both the brain
and PBMC:s of psychiatric patients. What is now
required is a mapping function between these
two tissues.
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Chromatin: a mapping function
between central & peripheral
Compartments
Transcriptional irregularities in schizophrenia are
documented in both the brain and the periphery;
however, no mapping transform of these com-
partments has been possible, primarily due to the
lack of a mapping function. Gene expression is
regulated by transcription factors via a variety of
DNA-protein interactions, including modifica-
tions to the chromatin complex. Specific chroma-
tin modifications and the enzymes that catalyze
their formation are a common biological plat-
form in all cells. Superimposed on this transcrip-
tion factor-based regulation, histone-modifying
enzymes will respond to influences from the com-
mon epigenetic milieu, especially if pharmaceu-
ticals are introduced. The peripheral and central
compartments become especially comparable
with the introduction of powerful pharmaceutical
enzyme inhibitors that are designed to override
aberrant transcriptional signals. Under these con-
ditions, the intensity of a specific modification,
such as the repressive H3K9me2/3 modification
along the nodes of a network, will be the result
of the effects of the pharmaceutical inhibitor over
time. Thus chromatin can link central/peripheral
compartments by the common biology of histone
modifications and serve as an organizing principle
or the required mapping function.

Psychiatric epigenetic studies using
peripheral blood chromatin levels
Clinical studies in schizophrenia
patients
The first chromatin studies in schizophrenia were
reported in 1975, when Issidorides ¢f /. noted a
difference in the nucleohistone staining patterns
of peripheral blood neutrophils from patients,
suggestive of decondensed heterochromatin [43).
Furthermore, pimozide, a dopamine antagonist,
was effective in normalization of this abnormal
heterochromatin pattern [4546]. Later, Kosower
et al. observed a smaller heterochromatic C-band
on chromosome 1 in schizophrenia patients com-
pared with normal controls, suggestive of con-
densed chromatin in regions of the genome [47).
In vitro treatment of cultured peripheral blood
cells obtained from patients with the epigenetic
modifying drug 5-azacytidine (a DNA methyl-
transferase inhibitor causing reduced methyla-
tion of DNA strand) caused a decondensation of
heterochromatin and a reduction in the spread
of the 1qH heterochromatic C-band, but to
a lesser degree in schizophrenia subjects [47).
The author’s laboratory has noted that levels of
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site-specific histone modifications measured in
patient blood samples can distinguish between
schizophrenia and bipolar patients, as well as
monitor differences in pharmaceutical HDAC
inhibitor (valproic acid) response across 4 weeks
of clinical treatment [2-5]. Measurements of
H3K9ac revealed that schizophrenia subjects are
less efficient in ‘opening up’ their chromatin given
the same blood levels of the HDAC inhibitor val-
proic acid [5]. Another recent study has measured
the extent of decondensation of the genome in
PMBC:s from living schizophrenia patients as
measured by the level of exposed arginine residues
in the core histones [48]. This investigation reports
a higher ratio of arginines:lysines, indicating a
more reactive genome in patients with a new onset
of schizophrenia.

Differences in epigenetic parameters

between monozygotic twins

Fraga et al. have demonstrated that chromatin
parameters measured in PBMCs will distin-
guish identical twins across their lifespan [49).
Numerous epigenetic studies have demonstrated
differences in DNA-methylation profiling of
PBMCs between normal monozygotic twins
49501, as well as monozygotic twins discordant for
bipolar disorder [51], or discordant for schizophre-
nia [52]. Mill ez 2/. demonstrate differences in the
methylation of the COMT gene in healthy mono-
zygotic twins measured at 5 years of age, which
predates the common age of onset in schizophre-
nia [50]. Differences in DNA methylation were
also reported in a single pair of discordant mono-
zygotic twins using a restriction enzyme method
for genome scanning [s3].

Chromatin studies in peripheral

blood cells from living patients

Circulating peripheral blood cells from a standard
venipuncture can be analyzed for total nuclear
chromatin, promoter chromatin occupancy and
mRNA expression, or examined in nonactivated
in vitro cultures. Because a PBMC carries the full
complement of epigenetic enzymes and machin-
ery found in all tissues, including neurons [545s],
a reasonable hypothesis is that both tissue types
are utilizing similar proteins to execute similar
modifications. In a clinical trial where a therapeu-
tic enzyme inhibitor (such as an HDAC inhibitor)
is being administered, the chromatin structure
in freshly extracted PBMCs will be a first-order
function of this pharmaceutical intervention. This
dominant effect will diminish any cell-specific
differences in epigenetic regulation, allowing the
PBMC to be a better estimate of the effect of the
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pharmaceutical [2:5]. When multiple pharmaceu-
ticals are being administered, as is common in a
clinical situation, PBMC chromatin will integrate
all possible epigenetic effects from all circulating
pharmaceuticals and other modifiers and inform
the investigator about the state-of-chromatin in
real time. Advantages of in vitro PBMC culture
models include:

Patient-derived cultures with unique genomic
background and enzymatic activity;

Isolation of the target cell in a well-defined
media that is comparable across experimental
and diagnostic conditions;

Exposure to equimolar concentrations of

experimental HDAC inhibitor;

Absence of variable absorption and distribution
of a drug;

Ability to isolate and exclude epigenetic effects
of metabolic, dietary, hormonal and other
milieu factors;

Ability to segregate a homogeneous population
of T-cell PBMC:s after 24—120 h of in vitro

cultures;

Dissect chromatin assemblies using experi-
mental drugs/dosages impossible in a clinical
populations; these include MS275, suberoyl-
anilide hydroxamic acid or the highly toxic
trichostatin A (TSA).

Experimental considerations

How reliable (or stable) are blood
chromatin parameters on repeated
sampling in human subjects?
Fraga et al. have measured chromatin modifica-
tions over the lifespan (49]. Histone modifications
are ‘stable’ in repeated sampling over a period of
12 weeks performed in different age cohorts of
identical monozygotic twins. Replicate blood
chromatin samples from eight identical twin pairs
demonstrated no significant fluctuations in the
acetylated H3 fraction over 12 weeks [49).

Saturable response of HDAC
inhibitors in primary PBMC cultures
PBMC:s from living subjects can be cultured
without activation and treated with HDAC
inhibitors. Fieure 3 shows a typical response to
varying concentrations of valproic acid span-
ning the blood levels seen in clinical psychia-
try. We have reported similar dose—response
effects with the HDAC inhibitor TSA [2]. The
advantage of primary PBMC cultures is that

Epigenomics (2012) 4(5)

experimental drugs such as TSA (toxic) — a
high-affinity specific HDAC inhibitor — can be
tested on patient cell tissue. Other experimen-
tal drugs, such as antagonists of histone meth-
yltransferases (BIX-01294), can be applied to
measure changes to H3K9me2. A blunted
response to TSA in PBMC cultures from blood
obtained from schizophrenia patients has been
demonstrated. This finding indicated an obdu-
rate restrictive chromatin in these subjects 4.
However, it should be noted that these findings
would require replication in specific cell types,
since a blunted response could also indicate a
shift in differential cell count.

ChlIP in cultured PBMCs from patients
The analysis of the ‘chromatin plasticity’ of a par-
ticular promoter can be measured in treatment-
resistant patients to monitor the effectiveness of
pharmaceuticals targeting chromatin. GAD67
is the protoptyic schizophrenia candidate gene
that is widely reported as downregulated in the
brains of schizophrenia patients and is an impor-
tant theoretical component in our understanding
of the cortical GABAergic interneuron. We have
hypothesized that this reduced expression could be
due to a restrictive chromatin state. This hypoth-
esis cannot be tested in brain tissue from living
patients, but can be tested in peripheral tissue.
As a preamble to such an investigation, we have
reported on the occupancy of the GAD67 pro-
moter by H3K9ac in PBMCs, and demonstrate
that this indicator of ‘open’ transcriptionally facili-
tative chromatin is enhanced upon treatment of
the cultured PBMC cells with an HDAC inhibitor,
such as valproic acid or TSA [2.3]. A future investi-
gation could sample the response of this promoter
in cultured cells from living schizophrenia patients
to a predetermined dose of a chromatin-modifying
pharmaceutical.

Limitations of peripheral tissue to
approximate brain function

Peripheral blood chromatin will not provide
information specific to a brain region or neuro-
nal phenotype. There are a vast number of neu-
ronal phenotypes (not currently numerable based
on neuroanatomy, morphology, gene-expression
profile, firing patterns, circuitry and so on) [s6].
Attempts to match a particular peripheral blood
cell (such as a CD4 helper T lymphocyte) to a
neuronal type (such as a GABA interneuron in
layer IV of the frontal cortex) will be a recapitula-
tion of earlier attempts to simulate neuronal func-
tion using peripheral tissue and may be difficult to
interpret. In addition, peripheral blood chromatin
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may not be useful to monitor neuroanatomical,
synaptic signal transduction or neuronal circuitry
which cannot be supported given the lack of
synaptic connections on peripheral blood cells.

Conclusion & future perspective

The analysis of gene regulation in living patients
undergoing the full evolution of their illness
including the effects of the environment and
prescribed pharmaceuticals should be the natural
progression of clinical research from single-point
post-mortem brain studies. Peripheral blood chro-
matin provides a protein biosensor capable of inte-
grating the totality of epigenetic influences opera-
tive in a given patient. Pharmaceuticals are being
developed for the more than 50 catalytic enzymes
involved in this system of epigenetic regulation.
Translational investigations exploring the role of
the epigenome in patients, particularly those that
are treatment resistant, will require monitoring of
epigenetic response, even at a given histone resi-
due. These living cells can be measured fresh from
a patient, or grown iz vitro as primary cultures for
experimentation. This approach can be validated
by establishing shared epigenetic enzymes/modi-
fiers in the proxy PBMC versus the target neuro-
nal tissue of interest. Readouts can include either
genome-wide or promoter-specific histone-protein
modifications, as well as mRNA output from gene
networks or individual genes. In as much as the
brain shares the internal epigenetic milieu, these
blood levels will approximate changes at carefully
selected nonsynaptic networks and could be used
to monitor epigenetic correlates of pharmaceu-
ticals directed at the epigenome. Indeed, these
approaches could lead to methods of screening
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Figure 3. Peripheral blood mononuclear cells extracted from human
peripheral blood, plated at 1 million cells per ml and treated with valproic
acid for 48 h in vitro. The range for clinical therapy is between 0.3-0.9 mM

blood levels for bipolar disorder and seizure disorders.

patients prior to the implementation of chroma-
tin altering treatments. In other words, sampling
a patient’s PBMCs could provide a mechanism
for individualizing treatments prior to an actual
clinical trial.
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Executive summary

milieu in a living subject.

compartments.

mapping in central and peripheral tissue.

In vitro cultures from living subjects

Histone protein modifications in peripheral blood mononuclear cells
= Epigenetic modifications of histone proteins measured in circulating blood cells can provide an estimate of the internal epigenetic

Chromatin regulation of transcription measured in peripheral blood mononuclear cells

= The transcriptome has many points of similarity across all tissues. Consequently, a mapping function such as a specific chromatin
signature deposited along nodes of a commensurate gene network is a practical starting point to monitor chromatin status.

= mRNA readouts of chromatin assemblies can be limited to predetermined nonsynaptic cellular gene networks similar in their chromatin

= The biochemical nature of epigenetic modifiers predisposes them to distribute in both central (brain) and peripheral (blood) tissue

= Levels of a histone modification in circulating blood will significantly capture this milieu, especially if there is a powerful pharmaceutical
inhibitor capable of overriding pathophysiological signals.

= Peripheral blood cells from individual patients will possess full genomic variability, and can be cultured to dissect the chromatin status
of a single promoter of interest using standard culture methodologies.
= Candidate genes identified from genetic linkage studies or other theoretically relevant targets can be examined using an increasing
number of experimental enzyme inhibitors not yet approved for clinical trials.
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