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1
PERIPHERAL MEASURE OF CENTRAL
BRAIN INFLAMMATION, MARKERS
THEREFOR AND USES THEREOF

This application is a 371 filing of international Patent
Application PCT/CA2016/050036 filed Jan. 15, 2016, which
claims the benefit of U.S. application No. 62/103,773 filed
Jan. 15, 2015.

FIELD OF INVENTION

The present invention relates to peripheral measures of
central brain inflammation, markers therefor and uses
thereof.

BACKGROUND OF THE INVENTION

Major depressive disorder (MDD) is highly prevalent and
impactful, with active symptoms present in 4% of the adult
population (1). Although MDD exhibits multiple molecular
phenotypes (2-5) there is accumulating evidence for a role of
inflammation in generating symptoms of a major depressive
episode (MDE). For example, induction of inflammation is
associated with sad mood in humans (6) and direct induction
of the central immune system in rodents is associated with
the sickness syndrome of anhedonia, weight loss and
anorexia which overlap with the diagnostic criteria for MDE
(7). Also in MDD, several markers of peripheral inflamma-
tion, including C-reactive protein, IL-6 and TNF-o. are
frequently increased (8). Interestingly, conditions which
create neuroinflammation such as traumatic brain injury,
systemic lupus erythematosus and multiple sclerosis are
associated with prevalence rates of MDE as high as 50%
suggesting a link between brain inflammation and mood
symptoms (9).

Obsessive compulsive disorder (OCD) is another preva-
lent disorder which affects many. OCD is an example of a
neuropsychiatric disorder which may be associated with, or
diagnosed along with, MDD. The exact cause of OCD
remains unclear, and diagnosis is most often based on the
symptoms experienced and the severity thereof.

Presently, it is not clear whether brain inflammation
occurs during a current major depressive episode (MDE)
because most postmortem investigations of neuroinflamma-
tion sampled either MDD with a history of MDE or suicide
victims with varied diagnoses. Within such studies, the
samples of subjects with current MDE were small. Van
Otterloo et al., (10) reported no difference in density of
activated microglia, in the white matter of the orbitofrontal
region in 10 MDD subjects. Dean et al. sampled 10 MDD
subjects and found significantly increased levels of the
transmembrane form of TNF in the dorsolateral prefrontal
cortex but no difference in levels of this form of TNF in the
anterior cingulate cortex and no difference in the soluble
form of TNF in either region (11). Steiner et al. reported
increased density of quinolinic acid positive cells, a marker
influenced by microglial activation, in the anterior cingulate
cortex of 7 MDE subjects (12). Microarray studies have had
mixed results, with a positive finding by Shelton et al. of
increased pro- and anti-inflammatory cytokine mRNA in
Brodmann Area 10 (BA10) in 14 MDD subjects (13) but
several other microarray studies, most of which sampled
adjacent regions of the prefrontal cortex, did not identify this
result (14, 15) Amongst investigations in suicide victims one
study reported greater HLA-DR staining, a marker of micro-
glial activation, in the dorsolateral prefrontal and anterior
cingulate cortex (16) and a second study reported greater
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levels of IL-6, TNF-¢, and IL-1f in BA10 (17). Neither
study of suicide found a relationship to MDD (or MDE) but
there were less than 10 subjects with MDD in each study.
The mixed results among postmortem investigations in
MDD have been attributed to issues of variation in brain
regions sampled, inclusion of early and late onset MDD,
comorbidity of other psychiatric disorders and addiction
and, with the exception of the microarray studies, small
sample size, although it is plausible that lack of focus on
sampling the state of MDE may be important for investiga-
tions of neuroinflammation. Torres-Platas reported an
increased ratio of primed relative to ramified microglia in
the white matter of the dorsal anterior cingulated white
matter in a sample of 24 depressed suicide victims compared
to 17 healthy controls, however, this was one of three ratios
evaluated so it is unclear whether this result would be
statistically meaningful if corrected for by the number of
comparisons completed.

To determine whether neuroinflammation occurs in MDE
secondary to MDD, positron emission tomography may be
applied to measure translocator protein (TSPO) binding in
vivo. TSPO is an 18 kDa protein located on outer mitochon-
drial membranes in microglia and increased expression of
TSPO occurs when microglia are activated during neuroin-
flammation (18). Recently, a new generation of positron
emission tomography (PET) radiotracers were developed
with superior quantification of TSPO binding and among
these, [18F]FEPPA has excellent properties including high,
selective affinity for TSPO (19), increased binding during
induced neuroinflammation (20) and a high ratio of specific
binding relative to free and non-specific binding (21).

To date. one neuroimaging study applied [11C]PBR28
PET to investigate TSPO levels in MDD, which was nega-
tive (22). This earlier study assessed whether TSPO levels
were elevated in a sample of 10 MDD subjects (scanned
once) under a variety of states (treated, untreated, symptom-
atic, partially symptomatic) hence, this study cannot be
considered definitive for determining whether TSPO bind-
ing is elevated in MDE. Scores on the Montgomery-Asberg
Depression Rating Scale on the PET scan day ranged from
5 to 30, indicating that the severity ranged from almost
asymptomatic to moderately symptomatic. Other issues
which limit interpretation of this study include potential bias
of ongoing antidepressant use, heterogeneity of combined
sampling of early and late onset MDD, and incomplete
information regarding a TSPO polymorphism (rs6971)
known to influence binding of the new generation of TSPO
PET radioligands, including [11C]PBR28 and [ 18F]FEPPA
(23, 24).

Since imaging the brain during a MDE is costly, techni-
cally challenging and impractical in a clinical setting,
peripheral markers correlating to brain inflammation,
depression, MDE, MDD, and/or other neuropsychiatric dis-
orders such as, for example, OCD, are needed. Further, there
is also a need in the art for peripheral measures correlating
to microglia activation in a subject.

SUMMARY OF INVENTION

In an embodiment, there is provided herein a method for
determining the level of microglial activation in the brain of
a subject comprising measuring blood Prostaglandin E2
(PGE2), blood Prostaglandin F2a, or both, and C-Reactive
Protein (CRP) concentrations in a sample obtained from a
subject, wherein the ratio of blood [PGE2]/[CRP], the ratio
of blood [PGF2a)/[CRP], or both, is indicative of the level
of microglial activation in the brain of the subject.
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In an embodiment, there is provided herein a method for
determining the level of microglial activation in the brain of
a subject comprising measuring blood Prostaglandin E2
(PGE2) and C-Reactive Protein (CRP) concentrations in a
sample obtained from a subject, wherein the ratio of blood
[PGE2]/[CRP] is indicative of the level of microglial acti-
vation in the brain of the subject.

In an embodiment, there is provided herein a method for
determining the level of microglial activation in the brain of
a subject comprising measuring blood Prostaglandin F2a,
and C-Reactive Protein (CRP) concentrations in a sample
obtained from a subject, wherein the ratio of blood [PGF2a]/
[CRP] is indicative of the level of microglial activation in
the brain of the subject.

In another embodiment of a method as described above,
the method may further comprise a step of recommending a
treatment option for the subject based on the level of
microglial activation in the brain.

In yet another embodiment of any of the method or
methods as described above, the sample may be a blood
sample, and PGE2, PGF2q, or both PGE2 and PGF2q, and
CRP may be measured from blood or plasma in the sample.
Preferably, the sample may be a serum sample, and PGE2,
PGF2a, or both PGE2 and PGF2a, and CRP may be
measured in the serum sample.

In still another embodiment of any of the method or
methods as described above, the subject may be clinically
depressed, suspected of being clinically depressed or has
exhibited one or more symptoms of depression, or one or
more other neuropsychiatric illnesses.

In yet another embodiment of any of the method or
methods as described above, the subject may be diagnosed
or suspected of having major depressive episode (MDE) or
major depressive disorder (MDD).

In still another embodiment of any of the method or
methods as described above, the subject may exhibit major
depressive episode (MDE) secondary to major depressive
disorder (MDD).

In still another embodiment of any of the method or
methods as described above, the subject may have obsessive
compulsive disorder (OCD), may be suspected of having
OCD, or may have exhibited one or more symptoms of
OCD, and the ratio of blood [PGE2]/[CRP] may be used as
indicative of the level of microglial activation in the brain of
the subject.

In another embodiment of any of the method or methods
as described above, the PGE2, PGF2q, or both, and CRP
may be quantified by mass spectrometry, HPLC, immuno-
assay, radioimmunoassay, gas chromatography-mass spec-
trometry or other chromatographic or non-chromatographic
procedure.

In yet another embodiment of any of the method or
methods as described above, the method may further com-
prise obtaining a blood or serum sample from the subject.

In another embodiment of any of the method or methods
as described above, the microglial activation may be in the
prefrontal cortex, insula or any other region of the brain.

In still another embodiment of any of the method or
methods as described above, said subject may exhibit MDE,
MDD or depression as determined by the Structures Clinical
Interview for DSM-V, Hamilton Depression rating Scale or
another psychiatric rating scale.

In another embodiment of any of the method or methods
as described above, said method may further comprise
determining the level of microglial activation in the brain of
one or more other subject(s) or group of subjects, for
example one or more other subjects or groups of subjects
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having depression, OCD, another neuropsychiatric illness,
or healthy subjects, at a single time point or over multiple
timepoints, comprising measuring blood Prostaglandin E2
(PGE2), PGF2q, or both, and C-Reactive Protein (CRP)
concentrations in a sample obtained from the one or more
other subject(s) or group of subjects, for example one or
more other subjects or groups of subjects having depression,
OCD, another neuropsychiatric illness, or healthy subjects,
at a single time point or over multiple timepoints, wherein
the ratio of [PGE2]/[CRP], [PGF2a]/[CRP], or both, is
indicative of the level of microglial activation in the brain of
the one or more other subject(s) or group of subjects, for
example one or more other subjects or groups of subjects
having depression, OCD, another neuropsychiatric illness,
or healthy subjects, at a single time point or over multiple
timepoints.

In still another embodiment of any of the method or
methods as described above, the ratio of blood [PGE2]/
[CRP], blood [PGF2¢)/[CRP], or both, of the subject may
be compared to the ratio of blood [PGE2]/[CRP], [PGF2c]/
[CRP], or both, of the one or more other subject or group of
subjects, for example one or more other subjects or groups
of subjects having depression, OCD, another neuropsychi-
atric illness, or healthy subjects, at a single time point or
over multiple timepoints.

In still another embodiment of any of the method or
methods as described above, a higher ratio of blood [PGE2]/
[CRP], [PGF2a])/[CRPY], or both for the subject compared to
blood [PGE2]/[CRP], [PGF20.)/[CRP], or both of the one or
more other subject(s) or group of subjects, for example one
or more other subjects or groups of subjects having depres-
sion, OCD, another neuropsychiatric illness, or healthy
subjects, at a single time point or over multiple timepoints,
may indicate a greater level of microglial activation in the
brain of the subject.

In still another embodiment of any method or methods as
described above, a higher ratio of blood [PGE2]/[CRP],
[PGF2a]/[CRP], or both for the subject compared to blood
[PGE2]J/[CRP], [PGF2a]/[CRP], or both the same subject as
determined at a previous timepoint may indicate a greater
level of microglial activation in the brain of the subject as
compared to the level of microglial activation in the brain of
the subject at the previous timepoint.

In still another embodiment of any method or methods as
described above, a lower ratio of blood [PGE2]/[CRP],
[PGF2a]/[CRP], or both for the subject compared to blood
[PGE2]/[CRP], [PGF2a]/[CRP], or both the same subject as
determined at a previous timepoint may indicate a lower
level of microglial activation in the brain of the subject as
compared to the level of microglial activation in the brain of
the subject at the previous timepoint.

In still another embodiment of any of the method or
methods as described above, the level of microglial activa-
tion may be an index of brain inflammation.

In still another embodiment of any of the method or
methods as described above, the greater level of microglial
activation may be an indication of an greater amount of brain
inflammation in the subject compared to the one or more
other subject(s) or group of subjects, for example one or
more other subjects or groups of subjects having depression,
OCD, another neuropsychiatric illness, or healthy subjects,
at a single time point or over multiple timepoints, or as
compared to the amount of brain inflammation in the subject
at another timepoint.

In another embodiment of any of the method or methods
as described above, the level of microglial activation may
identify, or assist in identifying, the subject as having
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depression, a major depressive episode (MDE), a major
depressive disorder (MDD), obsessive compulsive disorder
(OCD), or other neuropsychiatric illness, or prone to devel-
oping depression, MDE, MDD, OCD, or other neuropsy-
chiatric illness, or as having brain inflammation concurrent
with depression, a major depressive episode (MDE). a major
depressive disorder (MDD), obsessive compulsive disorder
(OCD), or other neuropsychiatric illness.

In another embodiment of any of the method or methods
as described above, the ratio of blood [PGE2]/[CRP] may be
used as indicative of the level of microglial activation in the
brain of the subject.

In another embodiment of any of the method or methods
as described above, the ratio of blood [PGF2a]/[CRP] may
be used as indicative of the level of microglial activation in
the brain of the subject.

In another embodiment of any of the method or methods
as described above, both the ratio of blood [PGE2]/[CRP]
and [PGF2a])/[CRP] may be used as indicative of the level
of microglial activation in the brain of the subject.

In yet another embodiment of any of the method or
methods as described above, the greater level of microglial
activation may identify, or assist in identifying, the subject
as having depression, a major depressive episode (MDE), a
major depressive disorder (MDD), OCD, or other neurop-
sychiatric illness or prone to developing depression, MDE,
MDD, OCD, or other neuropsychiatric illness, or as having
brain inflammation concurrent with depression, a major
depressive episode (MDE), a major depressive disorder
(MDD), obsessive compulsive disorder (OCD), or other
neuropsychiatric illness, as compared to the one or more
other subjects or groups of subjects having depression,
OCD, another neuropsychiatric illness, or healthy subjects,
at a single time point or over multiple timepoints.

In another embodiment, there is provided herein a method
for determining susceptibility, or assisting in determining
susceptibility, to a depressive disorder in a subject, said
method comprising the steps of: a) detecting and determin-
ing blood PGE2 concentration, blood PGF2a concentration,
or both, and CRP concentration, and determining the ratio of
[PGE2J/[CRP], [PGF2a.)/[CRP], or both, or log or natural
log transformation of [PGE2]/[CRP], [PGF2a]/[CRP], or
both, in said blood sample; b) correlating the ratio of
[PGE2]/[CRP], [PGF2a]/[CRP], or both, or log or natural
log transformation of [PGE2)/[CRP], [PGF2a]/[CRP], or
both, in said blood sample to a control group having
depression, another neuropsychiatric illness, or healthy sub-
jects, at a single time point or over multiple timepoints, in
order to determine susceptibility to depressive disorder in
the subject.

In another embodiment, there is provided herein a method
for determining susceptibility, or assisting in determining
susceptibility, to a depressive disorder in a subject, said
method comprising the steps of: a) detecting and determin-
ing blood PGE2 concentration and CRP concentration, and
determining the ratio of [PGE2]/[CRP] or log or natural log
transformation of [PGE2]/[CRP] in said blood sample; b)
correlating the ratio of [PGE2]/[CRP], or log or natural log
transformation of [PGE2]/[CRP] in said blood sample to a
control group having depression, another neuropsychiatric
illness, or healthy subjects, at a single time point or over
multiple timepoints, in order to determine susceptibility to
depressive disorder in the subject.

In another embodiment, there is provided herein a method
for determining susceptibility, or assisting in determining
susceptibility, to a depressive disorder in a subject, said
method comprising the steps of: a) detecting and determin-
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6

ing blood PGF2a. concentration and CRP concentration, and
determining the ratio of [PGF2c.)/[CRP] or log or natural log
transformation of [PGF2a]/[CRP] in said blood sample; b)
correlating the ratio of [PGF2a]/[CRP], or log or natural log
transformation of [PGF2a]/[CRP] in said blood sample to a
control group having depression, another neuropsychiatric
illness, or healthy subjects, at a single time point or over
multiple timepoints, in order to determine susceptibility to
depressive disorder in the subject.

In another embodiment, there is provided herein a method
for determining susceptibility, or assisting in determining
susceptibility, to an obsessive compulsive disorder in a
subject, said method comprising the steps of: a) detecting
and determining blood PGE2 concentration and CRP con-
centration, and determining the ratio of [PGE2]/[CRP] or
log or natural log transformation of [PGE2]/[CRP] in said
blood sample; b) correlating the ratio of [PGE2]/[CRP], or
log or natural log transformation of [PGE2]/[CRP] in said
blood sample to a control group having OCD, another
neuropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints, in order to determine
susceptibility to obsessive compulsive disorder in the sub-
ject.

In yet another embodiment of any of the method or
methods as described above, the method may further com-
prise treating the subject with medication, non-medicinal
therapy or a combination thereof; monitoring the subject;
counseling the subject; testing or screening the subject for
clinical depression, major depressive episode, major depres-
sive disorder, OCD, or any other neuropsychiatric illness,
testing the blood sample for one or more additional genetic
markers, nucleotide sequences, proteins, metabolites or any
combination thereof.

In yet another embodiment of any of the method or
methods as described above, treating the subject with medi-
cation may comprise administering one or more anti-inflam-
matory agents, antidepressants, antipsychotics, mood stabi-
lizers, anticonvulsants, antianxiolytics, steroids, or any
combination thereof.

In yet another embodiment of any of the method or
methods as described above, the medication may comprise
one or more antidepressants, anti-inflammatory agents,
antipsychotics, mood stabilizers, anticonvulsants, antianxi-
olytics, or any combination thereof such as glucocorticoids,
phosphodiesterase inhibitors, cox-2 inhibitors, acetamino-
phen, non-steroidal anti-inflammatory agents, statins, neu-
rokinin antagonists, thiazolidinediones, toll receptor antago-
nists/agonists, tetracycline antibiotics such as, but not
limited to minocycline, cytokine antagonists such as, but not
limited to infliximab, P2X7 receptor binding medications,
riluzole, Janus kinase inhibitors, phospholipase inhibitors,
antibody directed therapies for immune system targets,
Monoamime Oxidase Inhibitor (MAQIs) such as, but not
limited to, tranylcypromine, phenelzine, isocarboxazid and
the like, Tricyclic Antidepressants (TCAs) such as, but not
limited to clomipramine, amitriptyline, desipramine, nor-
triptyline, doxepin, or trimipramine, Selective Serotonin
Reuptake Inhibitors (SSRIs) such as, but not limited to
citalopram, escitalopram, fluvoxamine, paroxetine, fluox-
etine, sertraline or other common medications such as, but
not limited to duloxetine, venlafaxine, mirtazapine, bupro-
pion, trazodone, clozapine, lithium, ketamine any pharma-
ceutically acceptable salt or derivative thereof or any com-
bination thereof.

In still another embodiment, there is provided herein a
method of measuring microglial activation in the brain of a
subject in response to treatment comprising the steps of
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measuring blood Prostaglandin E2 (PGE2), Prostaglandin
F2a, or both, and C-Reactive Protein (CRP) concentrations
from a first blood sample obtained from the subject at a first
time and a second blood sample obtained from the same
subject after or during treatment, wherein a decrease in the
ratio of blood [PGE2]/[CRP], [PGF2a]/[CRP], or both in the
first sample compared to the second sample may be indica-
tive of reduced microglial activation in the brain after or
during treatment.

In yet another embodiment of any of the method or
methods as described above, the treatment may comprise
drug treatment.

In yet another embodiment of any of the method or
methods as described above, the blood sample may be a
serum sample.

In still another embodiment of any of the method or
methods as described above, the drug treatment may com-
prise anti-inflammatory or immunomodulator drug treat-
ment.

In another embodiment of any of the method or methods
as described above, the subject may be clinically depressed,
suspected of being clinically depressed, or may have exhib-
ited one or more symptoms of depression, or one or more
other neuropsychiatric illnesses.

In another embodiment of any of the method or methods
as described above, the subject may have OCD, be suspected
of having OCD, or may have exhibited one or more symp-
toms of OCD.

In another embodiment of any of the method or methods
as described above, the level of microglial activation may be
an index of brain inflammation.

In still another embodiment, there is provided herein a
method of reducing microglial activation in the brain of a
subject comprising administering to said subject an anti-
inflammatory agent to reduce microglial activation in the
subject.

In another embodiment of any of the method or methods
as described above, the method may reduce brain inflam-
mation as a result of reducing microglial activation.

In yet another embodiment of any of the method or
methods as described above, the method may treat a subject
exhibiting or having a propensity to develop depression,
major depressive episode (MDE), major depressive disorder
(MDD), OCD, or other neuropsychiatric illness.

In another embodiment of any of the method or methods
as described above, the subject may be further subjected to
brain imaging.

In another embodiment, there is provided herein a kit
comprising one or more markers of microglial activation,
one or more markers of brain inflammation, one or more
markers of peripheral body inflammation, one or more
diagnostic agents capable of quantifying or assisting in
quantifying one or more markers of microglial activation,
one or more markers of brain inflammation, one or more
markers of peripheral body inflammation or any combina-
tion thereof.

In another embodiment of the kit as described above, the
one or more diagnostic agents may comprise one or more
antibodies or antibody derivatives or an agent, component,
diluent, or buffer which may be employed in mass spec-
trometry, HPLC, immunoassay, radioimmunoassay, gas
chromatography-mass spectrometry or other chromato-
graphic or non-chromatographic procedure to quantify the
one or more markers.

In yet another embodiment of any of the kit or kits as
described above, the kit may comprise an antibody or other
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agent specific for detecting or quantifying one or more of
PGE2, PGF2¢., or CRP in a blood sample.

In another embodiment, there is provided herein a method
for identifying candidates for treating brain inflammation in
a subject having a neuropsychiatric illness, said method
comprising: (a) measuring blood Prostaglandin E2 (PGE2),
blood Prostaglandin F2a, or both, and C-Reactive Protein
(CRP) pre-treatment concentrations in a pre-treatment
sample obtained from the subject prior to administration of
a potential agent for treating brain inflammation; (b) admin-
istering the potential agent for treating brain inflammation;
and (¢) measuring blood Prostaglandin E2 (PGE2), blood
Prostaglandin F2a, or both, and C-Reactive Protein (CRP)
post-treatment concentrations in a post-treatment sample
obtained from the subject following administration of the
potential agent for treating brain inflammation; wherein a
reduction in [PGE2)/[CRP], [PGF2a]/[CRP], or both, post-
treatment indicates that the potential agent is a candidate for
treating brain inflammation in a subject having a neuropsy-
chiatric illness.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become
more apparent from the following description in which
reference is made to the appended drawings wherein:

FIG. 1 shows elevated translocator protein density (TSPO
VT) during a major depressive episode (MDE) secondary to
major depressive disorder (MDD). TSPO VT was signifi-
cantly greater in MDE of MDD (Depressed, N=20, 15 HAB,
5 MAB) compared to controls (Healthy, N=20, 14 HAB, 6
MAB): ANOVAs, aprefrontal cortex, F1,37=8.07, P=0.007,
banterior cingulate cortex, F1,37=12.24, P=0.001; cinsula,
F1,37=12.34, P=0.001; ddorsal putamen, F1,37=14.1,
P=0.001; eventral striatum, F1,37=6.9, P=0.013; fthalamus,
F1,37=13.6, P=0.001; ghippocampus, F1,37=7.5, P=0.009.
All second generation TSPO radioligands, such as [18F]
FEPPA, show differential binding according to the SNP
rs6971 of the TSPO gene resulting in high affinity binders
(HAB) and mixed affinity binders (MAB). Bars indicate
means in each group;

FIG. 2 shows the relationship between regional translo-
cator protein density (TSPO VT) and symptoms of current
major depressive episode. TSPO VT in the anterior cingulate
cortex was positively related to scores on the 17-item
Hamilton Depression Rating Scale (HDRS), after correcting
for 156971 genotype (r=0.628, P=0.005);

FIG. 3 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus
concentration of [PGE2]/[CRP] in subjects with major
depressive episode. The vertical line intersecting the x-axis
represents a threshold that would detect 11/12 patients with
substantial inflammation as indicated by the horizontal line
intersecting the y-axis;

FIG. 4 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus log
concentration of [PGE2]/[CRP]. Pearson correlation:
r=0.513, P=0.021, two tailed;

FIG. 5 shows the relationship between translocator pro-
tein density (TSPO VT) in the insula versus concentration of
[PGE2]/[CRP] in subjects with major depressive episode.
The vertical line intersecting the x-axis represents a thresh-
old that would detect 10/12 patients with substantial inflam-
mation as indicated by the horizontal line intersecting the
y-axis;
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FIG. 6 shows the relationship between translocator pro-
tein density (TSPO VT) in the insula versus log concentra-
tion of [PGE2]/[CRP]. Pearson correlation: r=0.520,
P=0.019, two tailed;

FIG. 7 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus
concentration of [PGE2]/[CRP] in subjects with OCD. Cor-
relation: r*=0.33, units for [PGE2] are ng/L, and units of
[CRP] are mg/I.. Sample consists of 15 subjects with obses-
sive compulsive disorder;

FIG. 8 shows the relationship between translocator pro-
tein density (TSPO VT) in the insula versus concentration of
[PGE2)/[CRP] in subjects with OCD. Correlation: r*=0.185.
Units for [PGE2] are ng/L, and units of [CRP] are mg/L.
Sample consists of 15 subjects with obsessive compulsive
disorder;

FIG. 9 shows the relationship between translocator pro-
tein density (TSPO VT) in the anterior cingulate cortex
versus concentration of [PGE2)/[CRP] in subjects with
OCD. Correlation: r*=0.256, units for [PGE2] are ng/L, and
units of [CRP] are mg/L.. Sample consists of 15 subjects with
obsessive compulsive disorder;

FIG. 10 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex and
In[PGE2]J/[CRP] in subjects with OCD. [PGE2] is in ng/L,
[CRP] is in mg/L, correlation: r*=0.3242. Sample consists of
15 subjects with OCD;

FIG. 11 shows the relationship between translocator pro-
tein density (TSPO VT) in the anterior cingulate cortex and
In[PGE2]J/[CRP] in subjects with OCD. [PGE2] is in ng/L,
[CRP] is in mg/L, correlation: *=0.3091. Sample consists of
16 subjects with OCD;

FIG. 12 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus
concentration of [PGF2a]/[CRP] in subjects with depres-
sion. Correlation; 1*=0.3063, units for [PGF2c] are ng/L,
and units for [CRP] are mg/I.. Sample consists of 16 subjects
with depression;

FIG. 13 shows the relationship between translocator pro-
tein density (TSPO VT) in the anterior cingulate cortex
versus concentration of [PGF2a)/[CRP] in subjects with
depression, Correlation: *=0,1185, units for [PGF2a] are
ng/L, and units for [CRP] are mg/L.. Sample consists of 16
subjects with depression; and

FIG. 14 shows the relationship between translocator pro-
tein density (TSPO VT) in the insula versus concentration of
[PGF2a)/[CRP] in subjects with depression. Correlation:
#=0.1786, units for [PGF2a] are ng/L, and units for [CRP]
are mg/L. Sample consists of 16 subjects with depression.

DETAILED DESCRIPTION

The following description is of preferred embodiments.

The present invention relates to peripheral measures of
central brain inflammation, markers therefor and uses
thereof. In a further aspect, the present invention relates to
diagnostic and prognostic markers for depressive disorders
or OCD. The present invention also relates to identifying
subjects that have increased ratio of blood and/or plasma
concentration of [PGE2]/[CRP], [PGF2a]/[CRP], or both,
compared to a control group, for example a control group
that does not have a depressive disorder, a control group
having a depressive disorder, or a control group having a
neuropsychiatric disorder. The present invention also relates
to identifying whether a subject’s ratio of blood, serum,
and/or plasma concentration of [PGE2]/[CRP], [PGF2a)/
[CRP], or both, have increased compared to a previous time
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point (i.e. monitoring changes over time). The present
invention further relates to methods of measuring brain
inflammation, markers useful as indicators of brain inflam-
mation and uses of markers to diagnose subjects or to test
and identify medicines which may be useful to reduce brain
inflammation and/or treat depressive disorders and/or OCD
and/or symptoms associated therewith.

In an embodiment of the instant application there is
provided a method for determining the level of microglial
activation in the brain of a subject comprising measuring
blood Prostaglandin E2 (PGE2) and C-Reactive Protein
(CRP) concentrations in a sample obtained from a subject,
wherein the ratio of [PGE2]/[CRP] is indicative of the level
of microglial activation in the brain of the subject.

In another embodiment of the instant application there is
provided a method for determining the level of microglial
activation in the brain of a subject comprising measuring
blood Prostaglandin F2a (PGF2¢) and C-Reactive Protein
(CRP) concentrations in a sample obtained from a subject,
wherein the ratio of [PGF2a)/[CRP] is indicative of the level
of microglial activation in the brain of the subject.

In yet another embodiment of the instant application there
is provided a method for determining the level of microglial
activation in the brain of a subject comprising measuring
both blood Prostaglandin E2 (PGE2) and blood Prostaglan-
din F2a (PGF2a), and C-Reactive Protein (CRP) concen-
trations in a sample obtained from a subject, wherein the
ratio of [PGE2)/[CRP] and [PGF2a.]/[CRP] is indicative of
the level of microglial activation in the brain of the subject.

In still another embodiment, a method as described above
may further comprising performing additional suitable con-
ventional diagnosis steps, such as those described in DSM-
V.

In still another embodiment, any of the method or meth-
ods as described above may further comprise a step of
recommending a treatment option for the subject based on
the level of microglial activation in the brain. For example,
a subject determined as having an elevated level of [PGE2]/
[CRP], [PGF2a]/[CRP], or both, may be recommended a
treatment program involving treatment to reduce brain
inflammation using, for example, treatments described in
further detail below. Where a subject is afflicted with a
neuropsychiatric illness related to elevated brain inflamma-
tion, the subject may be recommended a treatment program
involving a conventional treatment for the neuropsychiatric
illness alone, or in combination with a treatment for reduc-
ing or controlling brain inflammation.

It will be understood that in certain embodiments,
[PGE2], [PGF2a], and [CRP] may be measured in a blood
sample obtained from a subject, or in a plasma or serum
sample obtained therefrom. Preferably, [PGE2], [PGF2q],
and [CRP] may be measured in a peripheral blood sample
such as a serum sample.

The person of skill in the art having regard to the
teachings herein will understand that brain inflammation
levels may be correlated with [PGE2]/[CRP], [PGF2a]/
[CRP], or both. Determining a threshold level of [PGE2]/
[CRP], [PGF2a/[CRP], or both, beyond which brain
inflammation levels in a subject may be considered as being
elevated may vary between different subject populations or
different applications. Generally, a [PGE2])/[CRP] value,
measured in peripheral blood (i.e. serum), which is above a
healthy subject’s [PGE2]/[CRP] value, or the same subject’s
[PGE2]/[CRP] value at a prior time point, determined in the
same manner, may be considered as being elevated. Gener-
ally, a [PGF2a]/[CRP] value, measured in peripheral blood,
which is above a healthy subject’s [PGF2a.]/[CRP] value, or
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the same subject’s [PGE2]/[CRP] value at a prior time point,
determined in the same manner, may be considered as being
elevated.

It will be understood by the person of skill in the art
having regard to the teachings herein that brain inflamma-
tion levels may be correlated with [PGE2]/[CRP], [PGF2c.)/
[CRP], or both. Thus, it is contemplated herein that any of
the method or methods described herein may involve moni-
toring or determining [PGE2]/[CRP], [PGF2a]/[CRP], or
both, over time to determine whether a subject’s level of
microglial activation, or brain inflammation, has increased
or decreased over the period of time. By way of example,
determination of an increase in [PGE2]/CRP], [PGF2c]/
[CRP], or both, from an initial time point to a subsequent
time point may suggest that an increase in microglial acti-
vation, or brain inflammation, has occurred over the inter-
vening time period, or that microglial activation and/or brain
inflammation is higher at the subsequent time point than it
was at the initial time point. Monitoring or determining
[PGE2]/[CRP], [PGF2a]/[CRP], or both, of a subject, such
as a subject having MDD, MDE, depression, or OCD, over
time may assist in determining whether microglial activation
and/or brain inflammation is improving or worsening either
naturally or in response to a treatment program.

As shown herein, brain inflammation may be present
during MDE, and associated with depression conditions.
Thus, an elevated level of microglial activation as deter-
mined according to methods described herein may identify,
or assist in identifying, a subject as having or being prone to
develop a neuropsychiatric illness such as but not limited to
MDE, MDD, depression, or OCD, or any combination
thereof.

In another embodiment, a method for determining micro-
glial activation in a subject may identify, or assist in iden-
tifying, whether a subject having a neuropsychiatric illness
such as but not limited to MDE, MDD, depression, or OCD,
has brain inflammation.

The present invention also provides a method for diag-
nosing, or assisting in diagnosing, a subject as having
depressive disorder or susceptibility to a depressive disorder
from a blood sample taken from a subject, the method
comprising the steps of:

a) detecting and determining blood PGE2 concentration,
blood PGF2a. concentration, or both, and CRP concentra-
tion, and determining the ratio of [PGE2]/[CRP], [PGF2c]/
[CRP], or both, in said blood sample, and;

b) correlating the ratio of blood [PGE2]/[CRP], [PGF2c)/
[CRP], or both, in said blood sample to a control group
having depression, another neuropsychiatric illness, or
healthy subjects, at a single time point or over multiple
timepoints, in order to diagnose depressive disorder or
susceptibility to the depressive disorder in the subject.

The present invention also provides a method for diag-
nosing, or assisting in diagnosing, a subject as having OCD
or susceptibility to OCD from a blood sample taken from a
subject, the method comprising the steps of:

a) detecting and determining blood PGE2 concentration
and CRP concentration, and determining the ratio of
[PGE2]/[CRP] in said blood sample, and,

b) correlating the ratio of blood [PGE2]/[CRP] in said
blood sample to a control group having OCD, another
neuropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints, in order to diagnose OCD
or susceptibility to OCD in the subject.

The present invention also provides a method for diag-
nosing, or assisting in diagnosing, a subject as having
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depressive disorder or susceptibility to a depressive disorder
from a blood sample taken from a subject, the method
comprising the steps of:

a) detecting and determining blood PGE2 concentration
and CRP concentration and determining the ratio of [PGE2]/
[CRP] in said blood sample, and;

b) correlating the ratio of blood [PGE2])/[CRP] in said
blood sample to a control group having depression, another
neuropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints, in order to diagnose
depressive disorder or susceptibility to the depressive dis-
order in the subject.

The present invention also provides a method for diag-
nosing, or assisting in diagnosing, a subject as having
depressive disorder or susceptibility to a depressive disorder
from a blood sample taken from a subject, the method
comprising the steps of:

a) detecting and determining blood PGF2e. concentration
and CRP concentration and determining the ratio of
[PGF2a]/[CRP] in said blood sample, and;

b) correlating the ratio of blood [PGF2c)/[CRP] in said
blood sample to a control group having depression, another
neuropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints, in order to diagnose
depressive disorder or susceptibility to the depressive dis-
order in the subject.

In an embodiment, both blood [PGE2)/[CRP] and
[PGF2a])/[CRP] may be determined and correlated to a
control group which has a depressive disorder, or to a
healthy control group, in order to diagnose, or assist in
diagnosing, depressive disorder or susceptibility to the
depressive disorder in the subject.

In a further embodiment there is provided a method of
measuring microglial activation in the brain of a subject in
response to treatment comprising the steps of measuring
blood Prostaglandin E2 (PGE2), PGF2a, or both, and C-Re-
active Protein (CRP) concentrations from a first blood
sample obtained from the subject at a first time and a second
blood sample obtained from the same subject after or during
treatment, wherein a decrease in the ratio of blood [PGE2]/
[CRP], [PGF2a]/[CRP], or both, in the first sample com-
pared to the second sample is indicative of reduced micro-
glial activation in the brain after or during treatment.

The samples obtained from the subject are blood samples
and PGE2, PGF2q, or both, and CRP are typically measured
and quantified from blood using standard procedures known
in the art. The methodologies used to identify and quantify
PGE2, PGF2a, or both and CRP are not meant to be limiting
in any manner. Representative examples of methodologies
which may be employed to quantify PGE2, PGF2a, or both,
and CRP include, but are not limited to mass spectrometry,
HPLC, immunoassay, radioimmunoassay, gas chromatogra-
phy-mass spectrometry or other chromatographic or non-
chromatographic procedures.

In a preferred embodiment, but without wishing to be
considered limiting, a specific ratio of [PGE2)/[CRP] may
be used to determine if a subject may have or be more likely
to develop a depressive disorder or other neuropsychiatric
disorder, for example a brain disorder or general medical
illness with disease in the brain associated with symptoms
that may be treated by the branches of medicine that include
psychiatry or neurology. For example, but not wishing to be
limiting, a [PGE2]/[CRP] value greater than 250 may be
used, for example between 250 and 100000 or any indi-
vidual unit within this range, including, but not limited to
250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 355,
360, 365, 370, 375, 380, 390, 400, 410, 420, 430, 440, 450,
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460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570,
580, 590, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, 20000, 30000, 40000,
50000 or more. These values are meant to representative and
should not be limited within the full range provided above.
Also, in the methods described herein it is also contemplated
that ratio of [CRP]/[PGE2] may be employed as it is the
inverse of the ratio of [PGE2)/[CRP]. Similarly it is also
contemplated that the log or natural log (In) of [PGE2]/
[CRP], log or natural log (In) [CRP]/[PGE2] or other math-
ematical transformation may be employed in any of the
methods described herein.

In a preferred embodiment, but without wishing to be
considered limiting, a specific ratio of [PGF2a]/[CRP] may
be used to determine if a subject may have or be more likely
to develop a depressive disorder or other neuropsychiatric
disorder, for example a brain disorder or general medical
illness with disease in the brain associated with symptoms
that may be treated by the branches of medicine that include
psychiatry or neurology. For example, but not wishing to be
limiting, a [PGF2c¢.)/[CRP] value greater than 50 may be
used, for example between 50 and 100000 or any individual
unit within this range, including, but not limited to 50, 60,
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 220, 225, 230, 240, 250, 260, 270, 275, 300, 310, 320,
323, 325, 330, 340, 350, 375, 380, 390, 400, 410, 420, 430,
440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550,
560, 570, 580, 590, 600, 700, 800, 900, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 20000, 30000,
40000, 50000 or more. In an embodiment, preferably, a
[PGF2a]/[CRP] value of about 100 or greater than about
100 may be used. These values are meant to representative
and should not be limited within the full range provided
above. Also, in the methods described herein it is also
contemplated that ratio of [CRP])/[PGF2c] may be
employed as it is the inverse of the ratio of [PGF2a]/[CRP].
Similarly it is also contemplated that the log or natural log
(In) of [PGF2a]/[CRP], log or natural log (In) [CRP)/
[PGF2a] or other mathematical transformation may be
employed in any of the methods described herein.

In a preferred embodiment, but without wishing to be
considered limiting, a specific ratio of [PGE2])/[CRP] may
be used to determine if a subject may have or be more likely
to develop OCD or other neuropsychiatric disorder, for
example a brain disorder or general medical illness with
disease in the brain associated with symptoms that may be
treated by the branches of medicine that include psychiatry
or neurology. For example, but not wishing to be limiting, a
[PGE2]/[CRP] value greater than 250 may be used, for
example between 250 and 100000 or any individual umt
within this range, including, but not limited to 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 355, 360, 365, 370,
375, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480,
490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600,
700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 20000, 30000, 40000, 50000 or more. In
an embodiment, preferably, a [PGE2]/[CRP] value of about
500 or greater than about 500 may be used. These values are
meant to representative and should not be limited within the
full range provided above. Also, in the methods described
herein it is also contemplated that ratio of [CRP)/[PGE2]
may be employed as it is the inverse of the ratio of
[PGE2]/[CRP]. Similarly it is also contemplated that the log
or natural log (In) of [PGE2]/[CRP], log or natural log (In)
[CRP]/[PGE2] or other mathematical transformation may be
employed in any of the methods described herein.
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In methods described above, it is contemplated that a
subject may be clinically depressed, suspected of being
clinically depressed or has exhibited one or more symptoms
of depression, or one or more other neuropsychiatric ill-
nesses. For example, but not wishing to be considered
limiting in any manner, the subject may be diagnosed or
suspected of having major depressive episode (MDE) or
major depressive disorder (MDD). MDD can be further
subcategorized as being atypical depression, melancholic
depression, psychotic major depression, catatonic depres-
sion, postpartum depression and seasonal affective disorder.
Depressive disorders may further comprise dysthymia and
depressive disorder not otherwise specified and bipolar
disorder (or manic-depression). Depressive disorders not
otherwise specified include recurrent brief depression and
minor depressive disorder. Bipolar disorder is a neuropsy-
chiatric illness that can also be subcategorized into bipolar
1. bipolar 11, cyclothymia and bipolar disorder not otherwise
specified. In a further embodiment, the subject may exhibit
major depressive episode (MDE) secondary to major depres-
sive disorder (MDD). Preferably, depression, MDE, MDD
or one or more neuropsychiatric illnesses is diagnosed in a
subject or patient according to the Structures Clinical Inter-
view for DSM-V, Hamilton Depression rating Scale or
another psychiatric rating scale. However, it is also contem-
plated that the methods as described herein may be practiced
in subjects or patients who are suspected of having depres-
sion or a depressive disorder without a formal diagnosis. In
still a further embodiment, the subject may have no symp-
toms of any illness.

In a further embodiment the methods described herein
further comprise determining the level of microglial activa-
tion in the brain of one or more other subject(s) or group of
subjects, for example one or more other subjects or groups
of subjects having depression, OCD, another neuropsychi-
atric illness, or healthy subjects, at a single time point or
over multiple timepoints, by measuring blood Prostaglandin
E2 (PGE2), PGF2aq, or both, and C-Reactive Protein (CRP)
concentrations in a sample, wherein the ratio of [PGE2]/
[CRP] is indicative of the level of microglial activation in
the brain of the one or more other subject(s) or group of
subjects, for example one or more other subjects or groups
of subjects having depression, OCD, another neuropsychi-
atric illness, or healthy subjects, at a single time point or
over multiple timepoints. In addition, the ratio of blood
[PGE2]/[CRP], [PGF2a)/[CRP], or both, of a test subject
can be compared to the ratio of blood [PGE2]/[CRP],
[PGF2a]/[CRP], or both, of one or more other subject(s) or
group of subjects, for example one or more other subjects or
groups of subjects having depression, OCD, another neu-
ropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints. In such cases, a higher
ratio of blood [PGE2]J/[CRP], [PGF2a.)/[CRP], or both, for
the test subject compared to blood [PGE2]/[CRP], [PGF2c]/
[CRP], or both, of the one or more other subject(s) or group
of subjects, for example one or more other subjects or
groups of subjects having depression, OCD, another neu-
ropsychiatric illness, or healthy subjects, at a single time
point or over multiple timepoints, may indicate a greater
level of microglial activation in the brain of the test subject.
In turn, without wishing to be bound by theory or limiting
in any manner, the level of microglial activation in the brain
of a subject is an index of brain inflammation. Thus, it
follows that the greater level of microglial activation is an
indication of a greater amount of brain inflammation in the
test subject compared to the one or more other subjects or
group of subjects.



US 10,302,625 B2

15

Based on the information contained herein, the level of
microglial activation may be used to identify, diagnose or
assist in diagnosing a subject as having depression, a major
depressive episode (MDE), a major depressive disorder
(MDD), OCD, or other neuropsychiatric illness or that the
subject is prone to developing depression, MDE, MDD,
OCD, or other neuropsychiatric illness. Similarly, it is
contemplated that the level of microglial activation and thus
the blood [PGE2]/[CRP] and/or [PGF2a.]/[CRP] ratios may
be useful in determining or assisting in determining the
degree of symptoms associated with depressive disorder,
such as depression, MDE, MDD or another neuropsychiatric
illness. Further, it is contemplated that the level of microglial
activation and thus the blood [PGE2]/[CRP] ratio may be
useful in determining or assisting in assessment of OCD in
a subject.

The present invention also contemplates a method as
described herein further comprising treating a subject with
medication, non-medicinal therapy or a combination
thereof, monitoring the subject, counseling the subject,
testing or screening the subject for clinical depression, major
depressive episode, major depressive disorder, OCD, or any
other neuropsychiatric illness, testing the blood sample for
one or more additional genetic markers, nucleotide
sequences, proteins, metabolites or any combination thereof.
Representative medicines that may be used to treat a subject
include, without limitation, one or more antidepressants,
anti-inflammatory agents, for example any agent or inter-
vention which inhibits, reduces or prevents processes that
participate in inflammation, an immunomodulator for
example, any agent or intervention that changes the immune
response or functioning of one or more immune functions,
antipsychotics, mood stabilizers, anticonvulsants, antianxi-
olytics, or any combination thereof. Representative
examples of antidepressant medication include Monoamime
Oxidase Inhibitor (MAOIs) such as, but not limited to,
tranylcypromine, phenelzine, isocarboxazid and the like,
Tricyclic Antidepressants (TCAs) such as, but not limited to
clomipramine, amitriptyline, desipramine, nortriptyline,
doxepin, or trimipramine, Selective Serotonin Reuptake
Inhibitors (SSRIs) such as, but not limited to citalopram,
escitalopram, fluvoxamine, paroxetine, fluoxetine, sertraline
or other common medications such as, but not limited to
duloxetine, venlafaxine, mirtazapine, bupropion, trazodone,
clozapine, lithium, ketamine any pharmaceutically accept-
able salt or derivative thereof or any combination thereof.
Other types of medicinal or non-medicinal therapy are
further provided throughout the application including the
claims.

It is also contemplated that a combination of medications
may be employed to treat a subject or patient, for example,
but not limited to an antidepressant in combination with an
anti-inflammatory medication. Moreover, drug therapy may
be employed with other therapeutic modalities.

In a preferred embodiment, prior to treating a subject, it
is preferable that the subject has been diagnosed as being
clinically depressed, having MDE, MDD or another neu-
ropsychiatric illness by a qualified physician, or suspected of
being clinically depressed or having MDE, MDD or another
neuropsychiatric illness by a qualified physician, or has
exhibited one or more symptoms of depression, MDE, MDD
or one or more other neuropsychiatric illnesses.

In certain embodiments, subjects having OCD may be
treated with a suitable conventional OCD treatment includ-
ing a behavioral treatment, pharmaceutical treatment, or a
combination thereof.
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The present invention also contemplates a method of
reducing microglial activation in the brain of a subject by
administering to said subject an anti-inflammatory agent to
reduce microglial activation in the subject. Without wishing
to be bound by theory or limiting in any manner, it is
believed an anti-inflammatory agent that can reduce micro-
glial activation in the brain will in turn reduce brain inflam-
mation and/or improve depressive disorders or symptoms
associated therewith.

It is also contemplated that any of the methods described
herein may further comprise a further step of brain imaging.
In a preferred embodiment, the brain imaging is PET imag-
ing. Tt is also contemplated that brain imaging may further
comprising TSPO analysis of one or more regions of the
brain, for example, but not limited to as described herein.

The present application also provides a kit comprising one
or more markers of microglial activation, one or more
markers of brain inflammation, one or more markers of
peripheral body inflammation, one or more diagnostic
agents capable of quantifying or assisting in quantifying one
or more markers of microglial activation, one or more
markers of brain inflammation, one or more markers of
peripheral body inflammation or any combination thereof.
The one or more diagnostic agents may comptrise one or
more antibodies or antibody derivatives such as, but not
limited to FAB, FAB' or single chain antibodies or alterna-
tively the agent may be any component, diluent or buffer
which can be employed in mass spectrometry, HPLC, immu-
noassay, radioimmunoassay, gas chromatography-mass
spectrometry or other chromatographic or non-chromato-
graphic procedure to quantify the marker. In a preferred
embodiment, the one or more markers of microglial activa-
tion are independently one or more of PGE2, PGF2q., and
CRP from blood and the one or more diagnostic agents are
independently one or more of an antibody against PGE2, an
antibody against PGF2q, and an antibody against CRP. In an
embodiment, a kit as described herein may include one or
more of PGE2, PGF2a, and CRP as a positive control or
calibrator.

The present invention also contemplates a kit comprising
one or more components, such as, but not limited to one or
more primary antibodies that are capable of binding to
PGE2, PGF2a., or CRP, one or more secondary antibodies
that are capable of binding the primary antibody, one or
more solutions or reagents for immunclogical analysis, for
example, blocking or binding solution or the like, a dish,
multi-well plate or the like, purification media for example,
but not limited to remove abundant plasma proteins from
samples that are collected, centrifugation media, immuno-
absorption columns, resin, buffers, enzymes, one or more
supports, multiwell plates, instructions for using any com-
ponent or practicing any method as described herein, or any
combination thereof.

The results provided herein show that the ratio of PGE2
to CRP ([PGE2)/[CRP]) and the ratio of PGF2a. to CRP
([PGF2a]/[CRP]) is elevated in the blood of patients with
depressive disorders. The results also suggest that the levels
of peripheral markers described herein correlate with
depression and provide an index of inflammation in the
brain. Thus the present invention also may be used for
determining a subject’s ratio of PGE2 to CRP, PGF2a to
CRP, or both, in blood and if this or these ratio(s) is/are
higher or elevated compared to a control group, in order to
determine which subjects should be subjected to drug treat-
ment, non-drug treatment, continued screening and/or moni-
toring, counseling, additional psychological testing, one or
more genetic or other tests that predict, determine or diag-
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nose depressive disorder or susceptibility thereto, and/or
family screening. The present application also contemplates
treating a patient with elevated PGE2/CRP levels, PGF2o/
CRP levels, or both, using therapies known in the art in order
to address symptoms associated with depressive disorder,
improve mood, and/or prevent or reduce susceptibility to a
depressive disorder or the symptoms associated therewith.

In another embodiment, there is provided herein a method
for identifying candidates for treating brain inflammation in
a subject having a neuropsychiatric illness, said method
comprising: (a) measuring blood Prostaglandin E2 (PGE2),
blood Prostaglandin F2a, or both, and C-Reactive Protein
(CRP) pre-treatment concentrations in a pre-treatment
sample obtained from the subject prior to administration of
a potential agent for treating brain inflammation; (b) admin-
istering the potential agent for treating brain inflammation;
and (c) measuring blood Prostaglandin E2 (PGE2), blood
Prostaglandin F2a, or both, and C-Reactive Protein (CRP)
post-treatment concentrations in a post-treatment sample
obtained from the subject following administration of the
potential agent for treating brain inflammation; wherein a
reduction in [PGE2)/[CRP], [PGF2a]/[CRP], or both, post-
treatment indicates that the potential agent is a candidate for
treating brain inflammation in a subject having a neuropsy-
chiatric illness.

The present invention will be further illustrated in the
following examples.

EXAMPLES

Example 1: Increased Translocator Protein
Distribution Volume, an In-Vivo Marker of
Neuroinflammation, in the Brain During Major
Depressive Episodes

Participants

Twenty subjects with a current major depressive episode
(MDE) secondary to major depressive disorder (MDD) and
20 age-matched healthy participants completed the study.
Participants were recruited from the Toronto area commu-
nity and a tertiary care psychiatric hospital (Centre for
Addiction and Mental Health, Toronto, Canada) between
May 1, 2010 and Feb. 1, 2014. All were aged 18-70,
non-smoking and in good physical health. None of the
subjects had a history of autoimmune disease nor reported
any recent illness. MDE subjects had early onset MDD (first
MDE prior to age 45). Health or MDE was confirmed using
the Structured Clinical Interview for DSM-V. Healthy par-
ticipants were age-matched within 4 years to depressed
patients. Exclusion criteria for all subjects included: being
pregnant, any herbal, drug or medication use within six
weeks, except for oral contraceptives, and any history of
neurological illness or injury. All participants underwent
urine drug screening and women received a urine pregnancy
test on the PET scan day. All subjects provided written
informed consent after all procedures were fully explained.
The protocol and informed consent forms were approved by
the Center for Addiction and Mental Health Research Ethics
Board, Toronto, Canada.

Participants with MDE were administered the 17-item
Hamilton Depression Rating Scale (HDRS) at enrollment
and on the PET scan day. For enrollment, a minimum score
of 17 on the 17-item HDRS was required. All MDE subjects
were medication-free for at least 6 weeks prior to the PET
scan day (9 subjects had completed one or more previous
anti-depressant trials). Other exclusion criteria included
concurrent active axis I disorders including current alcohol
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or substance dependence, MDE with psychotic symptoms,
bipolar disorder (type I or II) and borderline or antisocial
personality disorder. Depression severity was measured as
the total score on the 17-item HDRS which is also strongly
correlated with sickness behaviors of low mood and anhe-
donia (29). Additional measures taken were body mass
index (BMI) and levels of several peripheral inflammatory
markers in serum (interleukin-1p, interleukin-6, tumor
necrosis factor o and C-reactive protein).

Image Acquisition and Analysis

Each participant underwent one [18F]FEPPA PET scan
conducted at the Research Imaging Centre at the Centre for
Addiction and Mental Health, Toronto, Canada. For this,
intravenous [18F]FEPPA21 was administered as a bolus
(mean+SD, 180.5x14.5 MBq or 4.88+0.4 mCi). [18F]
FEPPA was of high radiochemical purity (>96%) and high
specific activity (1192125 TBg/mmol). Manual and auto-
matic (ABSS, Model #PBS-101 from Veenstra Instruments,
Joure, The Netherlands) arterial blood samples were
obtained to determine the ratio of radioactivity in whole
blood to radioactivity in plasma, and the unmetabolized
radioligand in plasma needed to create the input function for
the kinetic analysis (30) The scan duration was 125 minutes
following the injection of [18F]FEPPA. The PET images
were obtained using 3D HRRT brain tomography (CPS/
Siemens, Knoxville, Tenn., USA). All PET images were
corrected for attenuation using a single photon point source,
137Cs (T'42=30.2 years, Eg=662 keV) and were recon-
structed by filtered back projection algorithm, with a HANN
filter at Nyquist cutoff frequency (23).

Each subject underwent a 2D axial proton density mag-
netic resonance scan acquired with a General Electric (Mil-
waukee, Wis., USA) Signa 1.5 T magnetic resonance image
scanner (slice thickness=2 mm, repetition time >5 300 ms,
echo time=13 ms, flip angle=90 degree, number of excita-
tions=2, acquisition matrix=256x256, and field of view=22
cm). Regions of interest were automatically generated using
the in-house software, ROMI, as previously described (31)
Time activity curves were used to estimate TSPO VT using
a two-tissue compartment model, which has been shown
previously to be an optimal model to quantitate TSPO VT
with [18F]FEPPA PET (30).

DNA Extraction and Polymorphism Genotyping

The binding affinity of the second generation of radiotrac-
ers for TSPO, including [18F]FEPPA, is known to be
affected by a co-dominantly expressed single nucleotide
polymorphism (rs6971, C—T) in exon 4 of the TSPO gene
(23, 24) High affinity binders (HAB, Ala147/Alal147) and
mixed affinity binders (MAB, Ala147/Thr147) account for
>90% of the population in North America (23). The poly-
morphism rs6971 was genotyped as described previously
(23). One MDE subject was a low affinity binder (LB,
Alal47/Thr147) and was not included in the analysis.

Statistical Analysis

PET data were analyzed by multivariate ANOVA with
TSPO VT in PFC, ACC and insula as the dependent vari-
ables and diagnosis and genotype as fixed factors. Main
effects were considered significant at the conventional
P=<0.05. Effects in each region, analyzed by univariate
ANOVA, were considered significant after Bonferroni cor-
rection (P<0.017).

As a secondary analysis, a MANOVA including every
brain region sampled (including all cortical and subcortical
regions) was performed to assess the effect of diagnosis on
TSPO VT. A partial correlation, controlling for rs6971
genotype, was used in a secondary analysis to quantitate the
relationship between TSPO VT in the primary regions of
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interest and severity of symptoms of MDE measured by total
HDRS score. HDRS score was missing in one MDE pat-
ticipant and was not included in this analysis. Partial cor-
relations were considered significant at the Bonferroni cor-
rected threshold of P<0.008.

Results

A global effect of diagnosis on TSPO VT was observed
(FIG. 1, Table 2). A MANOVA including all subregions of
the prefrontal cortex as well as several other cortical and
subcortical regions indicated a global brain effect of diag-
nosis with elevated TSPO VT in MDE compared to health
(main effect of diagnosis, F15,23=4.46, P=0.001). Individu-
als in a MDE had significantly greater TSPO VT in pre-
frontal cortex (PFC), anterior cingulate cortex (ACC) and
insula compared to healthy controls, after controlling for the
effect of genotype (FIG. 1. Effect of diagnosis, MANOVA,
F3,35=4.73, P=0.007. Effect of diagnosis, ANOVA by
region: PFC, F1,37=8.07, P=0.007; ACC, F1,37=12.24,
P=0.001; insula, F1,37=12.34, P=0.001; magnitude
increases 26%, 32%, 33%, respectively). In both groups, the
effect of the rs6971 polymorphism was significant
(MANOVA, effect of genotype: F3,35=4.5, P=0.009) where
HAB had higher TSPO VT compared to MAB. Scores on the
HDRS indicated, on average, moderate to severe MDE
(Table 1). Differences in TSPO VT between MDE and
healthy subjects remained significant if age is applied as a
covariate. The frequency of MAB and HAB rs6971 geno-
type expression was not significantly different between
healthy subjects and those with MDE.

Total HDRS score, was positively correlated with TSPO
VT in the ACC, after correcting for rs6971 genotype
(r=0.628, P=0.003, FIG. 2). Similar correlations were found
in the insula and PFC but these did not survive Bonferroni
correction (insula, r=0.574, P=0.013; PFC, r=0.457,
P=0.057).

In MDE subjects, but not healthy, BMI was significantly,
negatively correlated with TSPO VT in the insula, after
correcting for rs6971 genotype (r=-0.605, P=0.006,). The
relationship between BMI and TSPO VT was also present in
ACC (r=-0.547, P=0.015) and PFC (r=-0.488, P=0.034) but
neither survived Bonferroni correction. In MDE subjects,
none of the serum markers of inflammation had a significant
positive correlation with TSPO VT in the primary regions of
interest (see Table 3).

Discussion

This is the first study to detect microglial activation, as
indicated by increased TSPO VT, in a substantial sample of
MDE subjects. While the finding was prominent in the a
priori regions of the PFC, ACC and insula, it was also
present throughout all the regions assayed. Interestingly the
highest levels of TSPO VT occurred in MDE subjects with
the highest depression severity scores. These findings have
important implications for the pathophysiology of MDE,
identifying mechanisms contributing to symptom severity
and weight loss in MDE, and clinical targeting of treatment.

Since TSPO is upregulated in activated microglia,
elevated TSPO VT implies that greater microglial activation,
a potentially targetable process of neuroinflammation, is
present during MDE. During activation, microglia transform
from a monitoring role into a macrophage-like state,
responding to infections or insults, by phagocytosing patho-
gens and dying cells, and recruiting immune cells via
cytokine secretion. However active microglia during MDE
may represent a maladaptive response. Identifying greater
microglial activation in MDE suggests that selective thera-
peutic strategies such as stimulating microglial targets like
CX3CRI to promote a more quiescent state, suppressing the
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effects of cytokines in the central nervous system, or pro-
moting a shift in microglial activity towards repair oriented
functions by activating purinergic receptors may hold prom-
ise (33). Reducing microglial activation itself is thought to
have therapeutic utility and consistent with this viewpoint,
minocycline, a second generation tetracycline antibiotic
known to reduce microglial activation and TSPO expression
in rodents (34, 35) can attenuate depressive behaviors in
rodents (36). The present study also suggests that the ability
of such interventions to reduce microglial activation may be
monitored by techniques such as [18F]FEPPA PET or
peripheral markers as described herein.

It was found that MDE was associated with elevated
TSPO VT across all brain regions examined and regional
TSPO VT was inter-correlated, although the relationships
between TSPO VT with severity of MDE were most pro-
nounced in the ACC. Without wishing to be bound by theory
or limiting in any manner, while global mechanisms may
account for elevated TSPO VT in multiple brain regions in
MDD, greater TSPO VT in specific regions and/or their
associated circuitry may be influential for the expression of
particular symptoms within this complex disorder. As with
any association between symptoms and a central biomarker
the correlation found between higher TSPO VT and greater
HDRS score in the ACC, can be interpreted as an epiphe-
nomenon secondary to a common origin or that one phe-
nomenon predisposes to the other. Without wishing to be
considered limiting in any manner, we favor a causal mecha-
nism of neuroinflammation contributing towards symptoms
because induction of inflammation in humans is associated
with depressed mood (26, 37) and direct induction of central
inflammation in rodents is associated with anhedonia (7).
The function of this region in relation to symptoms of MDE
is consistent with this interpretation: The ACC participates
in regulating and processing negative emotional responses
(25). In MDD, active MDE symptoms are associated with
higher metabolic function in the ACC and direct stimulation
of the subgenual ACC results in reduction of MDE symp-
toms (25). The negative relationship between TSPO VT and
BMI may be consistent with anorexia following induction of
central inflammation (7). The insula is important in this
relationship as it integrates interoceptive and affective sig-
naling, is involved in homeostatically driven responses to
food cues (27).

The lack of correlation between central and peripheral
inflammatory markers is consistent with previous reports.
Bromander et al., found no correlation between serum and
cerebrospinal fluid TNF-a in neurosurgical patients (10).
Similarly, dissociation between central and peripheral cytok-
ines in preclinical data have been reported following periph-
eral (11, 12) or central inflammatory stimuli (13). It has been
proposed that peripheral cytokines cross the blood brain
barrier in severe medical illness to induce neuroinflamma-
tion and symptoms of depression (15). However, our results
suggest that central inflammation may be present during
MDE even when peripheral inflammation is absent.

This is the first study to find a significant elevation of
brain TSPO density in vivo, a marker of microglial activa-
tion and neuroinflammation, during MDE. Though MDD
has often been associated with increased peripheral inflam-
matory markers, the current study provides the first impor-
tant compelling evidence for a neuroinflammatory process
of microglial activation during MDE in a substantial group
of subjects unbiased by other psychiatric illnesses or recent
medication. Correlations found between greater regional
TSPO density in the anterior cingulate cortex and insula
with severity of MDE and BMI, respectively, may be
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explained by microglial activation leading to abnormal
function in these regions contributing to symptoms.

Example 2: Peripheral Blood [PGE2]/[CRP]
Correlates to Increased Translocator Protein
Distribution Volume, an In-Vivo Marker of
Neuroinflammation, in the Brain During Major
Depressive Episodes

Example 1 provides results suggesting that brain inflam-
mation is present in clinical depression using a new advance
in positron emission tomography. The imaging method is a
scarce resource, requiring highly trained personnel to oper-
ate and costs about $5000 per scan. A low cost substitute
marker would be highly desirable as approximately 1 in 3
people with clinical depression have brain inflammation.
Further, about 4% of the general population are in the midst
of a clinical depression so such a test could be useful for a
substantial proportion of the general population. Present
markers used by the depression research community do not
actually relate to brain inflammation.

In the present Example, a different measure was employed
to assess brain inflammation in blood than what has con-
ventionally been done—a low molecular weight inflamma-
tory marker (prostaglandin E2) that is made by activated
microglia in the brain (the brain scan study showed that
microglia are activated in clinical depression (see Example
1 for additional details)). This low molecular weight mol-
ecule was chosen due to its potential to pass out of the
central nervous system into the periphery. Conventional
thinking in the field is opposite to this approach.

A second issue addressed by the present Example is that
inflammatory molecules made in the brain are also induced
by inflammatory causing substances made in the periphery,
and the periphery (in particular adipose tissue) can make the
same inflammatory molecules secreted in brain. The periph-
eral blood sample represents both a brain contribution
(comprising disease effect+stimulation of brain by periph-
ery) plus a peripheral inflammation effect. So, to address this
aspect, the instant application controls for peripheral influ-
ences that induce or create inflammatory molecules. In this
regard, C-reactive protein was chosen to reflect the periph-
eral contribution towards inflammation as it is unlikely to
pass across the blood brain barrier.

The relationship between translocator protein density
(TSPO VT) in the prefrontal cortex versus blood concen-
tration of [PGE2])/[CRP] in subjects with major depressive
episode is shown in FIG. 3. The vertical line intersecting the
x-axis represents a blood threshold that would detect 11/12
patients with substantial inflammation in the brain as indi-
cated by the horizontal line intersecting the y-axis and
suggests that the ratio of blood [PGE2]/[CRP] can be used
as a marker or index brain inflammation. The relationship
between translocator protein density (TSPO VT) in the
prefrontal cortex versus log blood concentration of [PGE2]/
[CRP is shown in FIG. 4 (Pearson correlation: r=0.513,
P=0.021, two tailed).

The relationship between translocator protein density
(TSPO VT) in the insula versus blood concentration of
[PGE2]/[CRP] in subjects with major depressive episode is
shown in FIG. 5. The vertical line intersecting the x-axis
represents a blood threshold that would detect 11/12 patients
with substantial inflammation in the brain as indicated by the
horizontal line intersecting the y-axis and again suggests that
the ratio of blood [PGE2]/[CRP] can be used as a marker or
index brain inflammation. The relationship between trans-
locator protein density (TSPO VT) in the insula versus log
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blood concentration of [PGE2]/[CRP] is shown in FIG. 6
(Pearson correlation: r=0.520, P=0.019, two tailed.) Similar
results (not shown) were observed for other brain regions as
those discussed above.

The results presented indicate that (blood PGE2 concen-
tration)/(blood C-reactive protein concentration) is highly
predictive of microglial activation and thus this ratio repre-
sents a peripheral marker to detect microglial activation, a
measure of brain inflammation. The results also provided
indicate that increased brain inflammation is associated with
depressive disorders and other neuropsychiatric disorders,
for example, but not limited to MDE and MDD. Moreover,
patients with the greatest [PGE2]/[CRP] ratios exhibited the
highest depression scores as determined by DSM-V and
Hamilton Depression Score rating. Thus, collectively, the
results presented herein suggest that PGE2 and CRP may be
employed as markers for neuropsychiatric diseases and/or
brain inflammation occurring therewith and that the ratio of
blood [PGE2J/[CRP] can be employed as an index of
neuropsychiatric disease severity and/or brain inflammation
occurring therewith.

Example 3: Peripheral Blood [PGE2]/[CRP]
Correlates to Increased Translocator Protein
Distribution Volume, an In-Vivo Marker of
Neuroinflammation, in the Brain in Subjects
Having Obsessive Compulsive Disorder (OCD)

Example 2 provides results indicating that peripheral
blood [PGE2]/[CRP] correlates to increased TSPO VT in the
brain during major depressive episodes. It was thus hypoth-
esized that peripheral blood [PGE2]/[CRP] may correlate to
other neuropsychiatric disorders and/or to brain inflamma-
tion occurring with other neuropsychiatric disorders as well.
OCD is an example of a neuropsychiatric disorder which
may be associated with, or diagnosed along with, MDD.
Diagnosis is conventionally based on assessment of the
symptoms experienced and the severity thereof. Conven-
tional OCD diagnosis approaches are described in, for
example, the diagnostic and statistical manual of mental
disorders (DSM-5), which is herein incorporated by refer-
ence in its entirety. Peripheral markers correlating to OCD
and/or to brain inflammation occurring with OCD, are
desirable as they may facilitate or assist diagnosis and/or
treatment, for example.

In the present example, the relationship between translo-
cator protein density (TSPO VT) in the brain versus blood
concentration of [PGE2)/[CRP] in subjects with OCD was
assessed. TSPO VT in the subjects having OCD was
assessed across three different regions of the brain, and the
relationship between TSPO VT in each region and the blood
concentration of [PGE2])/[CRP] in the subjects was deter-
mined.

FIG. 7 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus
concentration of [PGE2])/[CRP] in the subjects with OCD.
FIG. 8 shows the relationship between translocator protein
density (TSPO VT) in the insula versus concentration of
[PGE2]/[CRP] in the subjects with OCD. FIG. 9 shows the
relationship between translocator protein density (TSPO
VT) in the anterior cingulate cortex versus concentration of
[PGE2]/[CRP] in the subjects with OCD.

FIG. 10 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex and
In[PGE2J/[CRP] (i.e., the natural log of [PGE2]/[CRP]) in
subjects with OCD (sample size of 15). FIG. 11 shows the
relationship between translocator protein density (TSPO
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VT) in the anterior cingulate cortex and In[PGE2]/[CRP]
(i.e., the natural log of [PGE2]/[CRP]) in subjects with OCD
(sample consists of 16 subjects with OCD).

These results indicate that inflammation in the brain of
subjects having OCD is correlated with the ratio of blood
[PGE2]/[CRP], suggesting that the ratio of blood [PGE2]/
[CRP] can be used as a marker or index of brain inflamma-
tion in subjects having OCD. Based on these results, the
[PGE2]/[CRP] ratio in blood appears to be predictive of
microglial activation in subjects having OCD, and thus this
ratio represents a peripheral marker to detect microglial
activation, a measure of brain inflammation, in subjects
having OCD. Increased brain inflammation may be associ-
ated with neuropsychiatric disorders. as shown in previous
examples herein for depression disorders. Thus, collectively,
the results presented herein suggest that PGE2 and CRP may
be employed as markers for neuropsychiatric diseases and/or
markers for brain inflammation occurring with neuropsychi-
atric diseases.

Example 4: Peripheral Blood [PGF2a]/[CRP]
Correlates to Increased Translocator Protein
Distribution Volume, an In-Vivo Marker of

Neuroinflammation, in the Brain in Subjects with
Depression

Examples 2 and 3 provide results indicating that PGE2
and CRP may be employed as markers for neuropsychiatric
diseases and/or markers for brain inflammation occurring
with neuropsychiatric diseases. It was thus hypothesized that
certain other small molecules produced by microglia might
also be useful markers. Prostaglandin F2o (PGF2a) is
another member of the prostaglandin family to which PGE2
belongs, and is also produced by microglia.

In the present example, the relationship between translo-
cator protein density (TSPO VT) in brain versus concentra-
tion of [PGF2a]/[CRP] in subjects with depression was
assessed. TSPO VT in subjects having depression was
assessed across three regions of the brain, and the relation-
ship between TSPO VT in each region and the blood
concentration of [PGF2a]/[CRP] in the subjects was deter-
mined.

FIG. 12 shows the relationship between translocator pro-
tein density (TSPO VT) in the prefrontal cortex versus
concentration of [PGF2a]/[CRP] in subjects with depression
(sample consists of 16 subjects with depression). FIG. 13
shows the relationship between translocator protein density
(TSPO VT) in the anterior cingulate cortex versus concen-
tration of [PGF2a]/[CRP] in the subjects with depression.
FIG. 14 shows the relationship between translocator protein
density (TSPO VT) in the insula versus concentration of
[PGF2a]/[CRP] in the subjects with depression.

For some cutoff’ values, the positive predictive value of
[PGF2a]/[CRP] in the subjects with depression is outstand-
ing. By way of non-limiting example, selecting 12.5 on the
TSPO VT y-axis as a high value (this value is about 25%
elevated over a usual healthy level), then it can be seen that
all subjects above this value have elevated prefrontal cortex
TSPO VT, for example. In healthy subjects, it is uncommon
to have a value of TSPO VT over 12.5%. Since 85% of
healthy subjects fall below this value, it is meaningful.
Approximately 15% of the general population (see Patten, S
B, BMC Psychiatry, May 8, 9:19, 2009; herein incorporated
by reference) will have a clinical depression over their
lifespan, so a value exceeding 85% of healthy subjects is
meaningful. As can further be seen, a high proportion of
subjects having elevated TPSO VT exceed 100 on the x-axis,
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indicating that in this example an x-axis threshold of around
100, for example, may be considered as being of interest.
The skilled person having regard to the teachings herein will
understand that selection of thresholds of interest may vary
as desired to suit particular examples or applications.

These results indicate that inflammation in the brain of
subjects having depression is correlated with the ratio of
blood [PGF2a)/[CRP], suggesting that the ratio of blood
[PGF2a]/[CRP] can be used as a marker or index of brain
inflammation in subjects having depression. Based on these
results, the [PGF20)/[CRP] ratio in blood appears to be
predictive of microglial activation in subjects having depres-
sion, and thus this ratio represents a peripheral marker to
detect microglial activation, a measure of brain inflamma-
tion, in subjects having depression. Increased brain inflam-
mation may be associated with neuropsychiatric disorders,
as shown in previous examples herein for depression disor-
ders. Thus, collectively, the results presented herein suggest
that PGF2a. and CRP may be employed as markers for
neuropsychiatric diseases and/or markers for brain inflam-
mation occurring with neuropsychiatric diseases.

Examples 2 and 3 above demonstrate relationships
between [PGE2]/[CRP] and brain inflammation. The present
example indicates that yet another small molecule marker
measurable in peripheral blood, [PGF2a]/[CRP], may rep-
resent an additional marker which may be employed as a
marker for neuropsychiatric diseases and/or a marker for
brain inflammation occurring with neuropsychiatric dis-
eases, particularly depression.

Example 5: Peripheral Blood [PGF2a)/[CRP] and
[PGE2]/[CRP] are Correlated in Subjects with
Depression

It will be recognized by the person of skill in the art
having regard to the teachings herein that in certain
examples, having more than one marker may be desirable.
Having two markers may allow, for example, redundancy
when performing assessments. One marker may serve as a
positive control for the other, for example, increasing assess-
ment confidence. An unexpected relationship finding
between the two markers may signal that further testing may
be performed to gain further insight. In certain examples,
assessing more than one marker may allow for increased
sensitivity, or a reduction in false negative determinations.

Examples 2 and 3 provide results indicating that PGE2
and CRP may be employed as markers for neuropsychiatric
diseases and/or markers for brain inflammation occurring
with neuropsychiatric diseases. Example 4 indicates yet
another small molecule marker measurable in peripheral
blood, [PGF2a]/[CRP], may represent an additional marker
which may be employed as a marker for neuropsychiatric
diseases and/or a marker for brain inflammation occurring
with neuropsychiatric diseases, particularly depression.

It was thus hypothesized that assessment of both [PGE2]/
[CRP] and [PGF2a)/[CRP], in combination, may be
employed in the assessment of neuropsychiatric diseases
and/or brain inflammation occurring with neuropsychiatric
discases. By way of example, if [PGE2])/[CRP] and
[PGF2a)/[CRP] are correlated with one another in subjects
having a neuropsychiatric disease, then it was hypothesized
that both [PGE2]/[CRP] and [PGF2a]/[CRP] ratios may be
used in the assessment of brain inflammation occurring with
neuropsychiatric diseases, for example.

The relationship between [PGE2]/[CRP] and [PGF2c)/
[CRP] was assessed in a sample of subjects with depression
(sample size was N=16). Three subjects were observed as
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having very high values of [PGE2])/[CRP]. These high
values are meaningful in that they are predictive of high
TSPO VT, although they somewhat cloud the relationship
between [PGE2])/[CRP] and [PGF20.)/[CRP] over subjects
having less extreme [PGE2])/[CRP] values. Thus, the rela-
tionship between [PGE2)/[CRP] and [PGF2¢]/[CRP] in the
sample of subjects with depression was also assessed fol-
lowing exclusion of the three high values of [PGE2]/[CRP].
Here, a strong relationship between [PGE2]/[CRP] and
[PGF2a]/[CRP] was seen with a correlation of about
r’=0.885.

Thus, in the results of this example, peripheral blood
[PGF2a]/[CRP] and [PGE2]/[CRP] are correlated with one
another in subjects with depression, particularly for subjects
with depression in which [PGE2]/[CRP] values are below an
extreme range. For example, an extreme [PGE2]/[CRP]
value range may be above about 2000, 2100, 2200, 2300,
2400, 2500, 2600, 2700, 2800, 2900, 3000, 3100, 3200,
3300, 3400, 3500, 3600, 3700, 3800, 3900, or 4000, or any
range therebetween or any integer value between about 2000
and 4000. It will be recognized that these ranges and values
may be adjusted to suit particular applications.

All citations are hereby incorporated by reference.

The present invention has been described with regard to
one or more embodiments. However, it will be apparent to
persons skilled in the art that a number of variations and
modifications can be made without departing from the scope
of the invention as defined in the claims.
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TABLE 1

Demographic Characteristics of Study Participants®

Depressed Healthy
Characteristics (n =20) (n = 20)
Female, No. (%) 12 (67) 11 (55)
Age, y 34.0 (11.3) 33.6 (12.8)
TSPO Genotype® 15 HAB, 5 MAB 14 HAB, ¢ MAB
BMI 234 (5.4) 24.8 (2.9)
HDRS Score® 20.0 (3.8) na
Age of first MDE, vy 157 (5.2) na
Previous MDEs, No. 6(3) na
Previous AD Trial, No. (%) 9 (45) na
No Previous AD Trial, No. (%) 11 (55) na

%Values are expressed as mean (SD) except where indicated.

bingle nucleotide polymorphism rs6971 of the TSPO gene known to influence ['3F]
FEPPA binding: HAB, high affinity binders; MAB, mixed affinity binders.

€17-tem Hamilton Depression Rating Scale; scores derived on the day of scanning.
Missing data in one subject

TABLE 2

Analysis of Variance of Regional TSPO V, by Diagnosis and TSPO Genotype®

Depressed Healthy
(n = 20) (n = 20) Diagnosis Genotype
Region of HAB  MAB HAB  MAB Effect? Effect”
Interest @=15 (@=5) Total mn=14) (n=6) Total F; 3;; P F; 33 P
MPFC 13.6 85 123 9.8 8.3 93 114 .002 112 .002
(3.1) 2.00 (3.6 (1 24 (22
VLPFC 14.9 94 135 113 95 108 91 .005 135 .001
2.9) 1.7 (.6 24 2.6)  (2.5)
DLPFC 13.6 89 124 107 88 101 6.5 .015 11.6 .002
(3.2) 13 (33 3 25 @59
OFC 14.4 95 132 109 9.6 105 7.8 .008 94 .004
(2.9) 27 (6 249 28 (2.9
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Analysis of Variance of Regional TSPO V- by Diagnosis and TSPO Genotype®

Depressed Healthy

(n =20) (n =20) Diagnosis Genotype

Region of HAB MAB HAB  MAB Effect’ Effect”

Interest (m=15) (m=35) Total (n=14) (n=6) Total Fi37 P Fi 37 P

Frontal Pole 133 89 122 102 8.3 9.6 9.1 005 118 .002
(3.0) 20 33 2D (2.3) (23)

ACC 133 g4 123 9.8 8.0 93 122 001 142 .001
(2.9) 20 (35 (20 23) (22

Tnsula 14.2 g8 129 102 8.6 97 123 001 126 .001
(3.0) en 37 22 (2.5) (23)

Temporal 144 87 129 109 9.0 103 87 006 159 .000
Cortex (2.8) 2n 36 (22 235 (24

Parietal 15.0 96 137 11.5 9.6 109 29 005 138 .001
Cortex 3.0 20 @67 22 235 (24

Occipital 14.3 g4 129 11.0 93 103 7.0 012 148 .000
Cortex (3.0) 22y (39 (20D 27 (24

Hippocampus 12.8 79 113 9.4 8.6 9.2 7.5 009 94 .004
(2.3) 27 (33 23 23 (23

Thalamus 16.9 102 152 11.8 104 114 13.6 001 125 .001
(3.6) 22y 44 (22 29 (24

Dorsal 12.3 73 111 8.3 7.5 82 141 001 124 001
Putamen (2.6) 13 32 1.6 23) (1.8)

Dorsal 10.9 6.4 9.8 8.2 6.7 7.8 6.7 013 134 001
Caudate (2.6) (18) 31 19 2n 20

Ventral 12.2 74 110 9.0 7.9 8.7 6.9 013 92 004
Striatum (3.2) 23 G7) 1.8 2n 20

“Values are expressed as mean (SD).
"Main effect of univariate ANOVA.
MPFC, medial prefrontal cortex; VLI_JFC, ventrolateral prefrontal cortex; DLPFC, dorsolateral prefrontal cortex; OFC,

orbitofrontal cortex; ACC, anterior cingulate cortex.

HAB, high affinity binders and MAB, mixed affinity binders refer to the single nucleotide polymorphism rs6971 of the
TSPO gene known to influence [°F]FEPPA binding,
For a more detailed description of the subregions of the prefrontal cortex please refer to the supplemental section.

TABLE 3 35 TABLE 3-continued
Correlation Between Regional TSPO V; and Peripheral Correlation Between Regional .TSPO Vr @d Peljipheral
Infl atory Markers in Major Depressive Episodes Inflammatory Markers in Major Depressive Episodes
. Anterior
Alntenor 40 Prefrontal Cingulate
Prefrontal Cingulate Cortex Cortex Insula
Cortex Cortex Insula
TNFa 0.05 (084) 001 (0.97) 0.03 (0.90)

Marker CRP —042 (0.08)  -0.25 (0.31) -0.43 (0.07)

a N “Values represent the correlation coefficient (or partial correlation coefficient) followed by
IL-1B -0.35(0.13)" -0.39(0.09) -0.35(0.14) 45 the two tailed, uncorrected p-value. Positive r values would reflect greater TSPO Vwhen
1L-6 -0.20 (0_39) -0.04 (0_88) -0.09 (0_70) a higher plasma level of the peripheral marker is present. Body mass index (BMI) was
TNFa 2029 (021) -0.34 (0.14) -036 (0 121' included in two analyses since all of these serum markers are also secreted by adipocytes.
CRP 2027 (0.25) -0.16 (0.51) =026 (0.27)
Correlations Controlling . . .
for 156971 Genorype What is claimed is:

50 1. A method of treatment, which comprises:
IL-1p -0.39 (0.10)  =0.45 (0.05) =-0.40 (0.09) determining a level of microglial activation in the brain of
IL-6 -0.29 (0.24)  -0.08 (0.75) -0.15 (0.53) a subject by measuring blood Prostaglandin E2 (PGE2)
TNFo -0.33 (0.16)  -0.40 (0.09) -0.44 (0.06) and C-Reactive Protein (CRP) concentrations in a
CRP . -0.52(0.02)  -040(0.09) -0.54(0.02) blood sample obtained from the subject, wherein the
gomlznons Con“;flhng 55 ratio of blood PGE2 concentration divided by blood
or Body Mass Index CRP concentration ([PGE2)/[CRP)) is indicative of the
1p 018 (046) ~0.21(038) 014 (0.56) le\:jel of microglial activation in the brain of the subject;
IL-6 -0.12 (0.62) 0.09 (0.71)  0.03 (0.89) an . . ..
TNFa 018 (046)  0.16(052)  0.18 (046) treating the subject with an anti-inflammatory agent and/
CRP S0.15(054) 001 (0.98) -0.12 (0_63f, 60 or antidepressant when the [PGE2]/[CRP] is greater
Correlations Controlling than 250. . . .
for Both 156971 Genotype 2. The method of claim 1, wherein the blood sample is a
and Body Mass Index serum sample obtained from the subject and PGE2 and CRP
concentrations are measured from blood, serum, or plasma

IL-1B -0.25 (031) -031(021) -0.23(0.36) 65 in the sample.
IL-6 -0.22 (039)  0.04 (0.87) —0.04 (0.89) 3. The method of claim 1, wherein the subject is

depressed.
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4. The method of claim 3, wherein the subject is clinically
depressed.

5. The method of claim 4, wherein the subject is diag-
nosed with or has major depressive episode (MDE) or major
depressive disorder (MDD).

6. The method of claim 4, wherein the subject exhibits
major depressive episode (MDE) secondary to major depres-
sive disorder (MDD).

7. The method of claim 3, wherein the subject has
obsessive compulsive disorder (OCD).

8. The method of claim 1, wherein the blood PGE2 and
blood CRP concentrations are quantified by mass spectrom-
etry, HPLC, immunoassay, radioimmunoassay or gas chro-
matography-mass spectrometry.
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