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Learning Objectives

 Describe the role of brain inflammation in conditions such as
depression, chronic fatigue, MS, schizophrenia and dementia.

» Understand the connection to oral and gut dysbiosis in
neuroinflammation

« Summarize how astroglial-like cells in the gut can act as signaling
pathways for the gut to communicate to the brain the message of
alarm which manifests as neuroinflammation

 Explain the role that tryptophan, quinolinic acid and NMDA
receptor activation play in a variety of inflammatory neurological
disorders.

* Discuss the key role restorative sleep plays in preventing the
buildup of toxins and inflammation in the brain.
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INTRODUCTION

Bidirectional signalling between the gastrointestinal tract and the brain is regulated at
neural, hormonal, and immunological levels. This construct is known as the brain—gut axis
and is vital for maintaining homeostasis. Bacterial colonization of the intestine plays a major
role in the post-natal development and maturation of the immune and endocrine systems.
These processes are key factors underpinning central nervous system (CNS) signaling.
Recent research advances have seen a tremendous improvement in our understanding
of the scale, diversity, and importance of the gut microbiome. This has been reflected in
the form of a revised nomenclature to the more inclusive brain-gut-enteric microbiota
axis and a sustained research effort to establish how communication along this axis con-
tributes to both normal and pathological conditions. In this review, we will briefly discuss
the critical components of this axis and the methodological challenges that have been pre-
sented in attempts to define what constitutes a normal microbiota and chart its temporal
development. Emphasis is placed on the new research narrative that confirms the critical
influence of the microbiota on mood and behavior. Mechanistic insights are provided with
examples of both neural and humoral routes through which these effects can be mediated.
The evidence supporting a role for the enteric flora in brain—gut axis disorders is explored
with the spotlight on the clinical relevance for irritable bowel syndrome, a stress-related
functional gastrointestinal disorder. We also critically evaluate the therapeutic opportuni-
ties arising from this research and consider in particular whether targeting the microbiome
might represent a valid strategy for the management of CNS disorders and ponder the
pitfalls inherent in such an approach. Despite the considerable challenges that lie ahead,
this is an exciting area of research and one that is destined to remain the center of focus
for some time to come.

Keywords: microbiota, central nervous system, enteric nervous system, irritable bowel syndrome, vagus nerve,

p . dy

communication along this axis contributes to both normal and

Scientific endeavor is increasingly characterized by a multidis-
ciplinary approach to the study of both health and disease.
Nowhere is this more evident than in the field of neurogas-
troenterology where the converging influence of experts across
the diverse domains of gastroenterology, psychiatry, microbiol-
ogy, pharmacology, immunology, and behavioral neuroscience, to
name but a few, have helped shape emerging biological themes.
Chief among these is the concept of the brain—gut axis, a term
which describes the complex bidirectional communication sys-
tem that exists between the central nervous system (CNS) and
the gastrointestinal tract (GIT) and which is vital for maintain-
ing homeostasis (Cryan and O’Mahony, 2011). Spurred in part
by the discovery of Helicobacter pylori as a causative agent in
ulcer diseases but also by other innovative research in the gas-
trointestinal sciences (Pandol, 2010; Shanahan, 2010b), there is a
growing appreciation of the critical role played by the commensal
microbiota, both in our general wellbeing and in the specific func-
tioning of the brain—gut axis. This has been reflected in the form
of a revised nomenclature to the more inclusive brain-gut—enteric
microbiota axis and a sustained research effort to establish how

pathological conditions (Rhee et al., 2009).

In this review, we will briefly discuss the critical compo-
nents of this axis and the methodological challenges that have
been presented in attempts to define what constitutes a normal
microbiota and chart its temporal development. We examine the
approaches that have been taken to elucidate the impact of the
enteric microflora on this axis and vice-versa, with reference to
the previously elucidated functions of the microbiota as well as an
evaluation of exciting new data suggesting a role for the microbiota
in the modulation of mood and behavior. Mechanistic insights
are provided and the evidence supporting a role for the micro-
biota in disease states is discussed. The clinical implications are
critically evaluated, therapeutic opportunities arising from these
findings discussed and future perspectives are provided on this
rapidly expanding area of research.

THE BRAIN-GUT-ENTERIC MICROBIOTA AXIS

The general scaffolding of the brain—gut—enteric microbiota axis
includes the CNS, the neuroendocrine and neuroimmune sys-
tems, the sympathetic and parasympathetic arms of the autonomic
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“It is now evident that the bidirectional
signaling between the gastrointestinal
tract and the brain, mainly through the
vagus nerve, the so called
“microbiota—gut—vagus—brain axis,” is vital
for maintaining homeostasis and it may be
also involved in the etiology of several
metabolic and mental
dysfunctions/disorders.”
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Macrophages in the spleen make tumor necrosis factor (TNF) a
powerful inflammation-producing molecule. When the vagus
nerve was stimulated, TNF production in the spleen decreased
and survival increased in laboratory model.
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The evolutionary significance of depression in Pathogen

Host Defense (PATHOS-D)

CL Raison'? and AH Miller®
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Given the manifold ways that depression impairs Darwinian fitness, the persistence in the
human genome of risk alleles for the disorder remains a much debated mystery. Evolutionary
theories that view depressive symptoms as adaptive fail to provide parsimonious explanations
for why even mild depressive symptoms impair fitness-relevant social functioning, whereas
theories that suggest that depression is maladaptive fail to account for the high prevalence of
depression risk alleles in human populations. These limitations warrant novel explanations for
the origin and persistence of depression risk alleles. Accordingly, studies on risk alleles for
depression were identified using PubMed and Ovid MEDLINE to examine data supporting the
hypothesis that risk alleles for depression originated and have been retained in the human
genome because these alleles promote pathogen host defense, which includes an integrated
suite of immunological and behavioral responses to infection. Depression risk alleles
identified by both candidate gene and genome-wide association study (GWAS) methodologies
were found to be regularly associated with immune responses to infection that were likely to
enhance survival in the ancestral environment. Moreover, data support the role of specific
depressive symptoms in pathogen host defense including hyperthermia, reduced bodily iron
stores, conservation/withdrawal behavior, hypervigilance and anorexia. By shifting the
adaptive context of depression risk alleles from relations with conspecifics to relations with
the microbial world, the Pathogen Host Defense (PATHOS-D) hypothesis provides a novel
explanation for how depression can be nonadaptive in the social realm, whereas its risk alleles

are nonetheless represented at prevalence rates that bespeak an adaptive function.
Molecular Psychiatry advance online publication, 31 January 2012; doi:10.1038/mp.2012.2
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Introduction

Major depression is so detrimental to survival and
reproduction that it is hard to understand why allelic
variants that promote the disorder have not been
culled from the human genome, why in fact—far from
being culled—genes that promote depression are so
common and numerous and appear to have actually
increased in prevalence during recent human evolu-
tion." To address this issue, we have developed a
novel theoretical framework positing that risk alleles
for depression originated and have been largely
retained in the human genome because these alleles
encode for an integrated suite of immunological
and behavioral responses that promote host defense
against pathogens. This enhanced pathogen defense
is accomplished primarily via heightened innate
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immune system activation, which results in reduced
death from infectious causes,” especially in infancy
when selection pressure from infection is strongest,®
and the adaptive immune system is not yet fully
operational.®™® A vast literature has associated depres-
sive symptoms and/or major depressive disorder
(MDD) with increased innate immune inflammatory
responses,'® with meta-analyses reporting the most
consistent findings for increased plasma concentra-
tions of tumor necrosis factor-o. (TNF-a), interleukin-6
(IL-6), C-reactive protein and haptoglobin.”*~** Recent
longitudinal studies extend these cross-sectional
observations by reporting that increased inflamma-
tory markers in nondepressed individuals predict the
later development of depression.'**® Because infec-
tion has been the primary cause of early mortality
and hence reproductive failure across human evolu-
tion,””~*' it would be expected that if depressive
symptoms were an integral part of a heightened
immunological response, allelic variants that support
this response would have undergone strong positive
selection pressure and thus would be both numerous
and prevalent, as they appear to be. However, because

“Depression risk alleles
identified by both candidate gene and
genome-wide association study (GWAS)
methodologies were found to be
regularly associated with immune
responses to infection that were likely to
enhance survival in the ancestral
environment. Moreover, data support
the role of specific depressive symptoms
in pathogen host defense including
hyperthermia, reduced bodily iron
stores, conservation/withdrawal
behavior, hypervigilance and anorexia.”
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Minocycline: therapeutic potential in psychiatry.
Dean OM, Data-Franco J, Giorlando F, Berk M.
Deakin University, School of Medicine, Barwon Health, Geelong, VIC, Australia. oliviad@barwonhealth.org.au

Abstract

Pharmacological interventions to treat psychiatric iliness have previously focused on modifying dysfunctional
neurotransmitter systems to improve symptoms. However, imperfect understanding of the aetiology of these
heterogeneous syndromes has been associated with poor treatment outcomes for many individuals. Growing evidence
suggests that oxidative stress, inflammation, changes in glutamatergic pathways and neurotrophins play important
roles in many psychiatric ilinesses including mood disorders, schizophrenia and addiction. These novel insights into
pathophysiology allow new treatment targets to be explored. Minocycline is an antibiotic that can modulate glutamate-
induced excitotoxicity, and has antioxidant, anti-inflammatory and neuroprotective effects. Given that these
mechanisms overlap with the newly understood pathophysiological pathways, minocycline has potential as an
adjunctive treatment in psychiatry. To date there have been promising clinical indications that minocycline may be a
useful treatment in psychiatry, albeit from small trials most of which were not placebo controlled. Case reports of
individuals with schizophrenia, psychotic symptoms and bipolar depression have shown serendipitous benefits of
minocycline treatment on psychiatric symptoms. Minocycline has been trialled in open-label or small randomized
controlled trials in psychiatry. Results vary, with findings supporting use in schizophrenia, but showing less benefit for
nicotine dependence and obsessive-compulsive disorder. Given the limited data from rigorous clinical trials, further
research is required. However, taken together, the current evidence suggests minocycline may be a promising novel
therapy in psychiatry.



“Growing evidence suggests that oxidative stress,
inflammation, changes in glutamatergic pathways and
neurotrophins play important roles in many psychiatric
ilinesses including mood disorders, schizophrenia and

addiction. These novel insights into pathophysiology allow new
treatment targets to be explored. Minocycline is an antibiotic
that can modulate glutamate-induced excitotoxicity, and has
antioxidant, anti-inflammatory and neuroprotective effects.”
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Depression and sickness behavior are Janus-faced
responses to shared inflammatory pathways

Michael Maes'", Michael Berk?**, Lisa Goehler®, Cai Song”?, George Anderson®, Piotr Gatecki'® and

Brian Leonard'’

Abstract

It is of considerable translational importance whether
depression is a form or a consequence of sickness
behavior. Sickness behavior is a behavioral complex
induced by infections and immune trauma and
mediated by pro-inflammatory cytokines. It is an
adaptive response that enhances recovery by
conserving energy to combat acute inflammation.
There are considerable phenomenological similarities
between sickness behavior and depression, for
example, behavioral inhibition, anorexia and weight
loss, and melancholic (anhedonia), physic-somatic
(fatigue, hyperalgesia, malaise), anxiety and
neurocognitive symptoms. In clinical depression,
however, a transition occurs to sensitization of
immuno-inflammatory pathways, progressive damage
by oxidative and nitrosative stress to lipids, proteins,
and DNA, and autoimmune responses directed
against self-epitopes. The latter mechanisms are the
substrate of a neuroprogressive process, whereby
multiple depressive episodes cause neural tissue
damage and consequent functional and cognitive
sequelae. Thus, shared immuno-inflammatory
pathways underpin the physiclogy of sickness
behavior and the pathophysiology of clinical
depression explaining their partially overlapping
phenomenology. Inflammation may provoke a Janus-
faced response with a good, acute side, generating
protective inflammation through sickness behavior
and a bad, chronic side, for example, clinical
depression, a lifelong disorder with positive feedback
loops between (neuro)inflammation and (neuro)
degenerative processes following less well defined
triggers.
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'Maes Clinics @ TRIA, Piyavate Hospital, 998 Rimklongsamsen Road, Bangkok
10310, Thailand
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Introduction

The first inkling that there are phenomenological similari-
ties between clinical depression and sickness behavior and
that both conditions may share common pathways, that is,
activation of the inflammatory responses system (IRS) was
published in 1993 [1,2]. Sickness behavior is a behavioral
complex that is typically induced by acute infections and
tissue injury in many mammalian species. The characteris-
tic behavioral pattern consists of malaise, hyperalgesia,
pyrexia, listlessness and disinterest in social interactions
with the environment, lethargy, behavioral inhibition,
reduction of locomotor activity, exploration and grooming,
reduction of reproductive performance, anhedonia, som-
nolence and sleepiness, anorexia and weight loss, failure to
concentrate, and anxiety. There is evidence that sickness
behavior is mediated through the effects of pro-inflamma-
tory cytokines (PICs), such as IL-1, TNFa and IL-6 [3-10].
In this context, there is abundant evidence that clinical
depression is an immuno-inflammatory disorder charac-
terized by among other things increased levels of PICs and
acute phase proteins, including C-reactive protein and
haptoglobin [11-20].

Characteristic symptoms of major depression include
anorexia, weight loss, fatigue, lethargy, sleep disorders,
hyperalgesia, reduction of locomotor activity, and failure
to concentrate (American Psychiatric Association).
Moreover, ‘vegetative symptoms’ of depression, such as
anorexia, weight loss, and psychomotor retardation, are
significantly associated with inflammatory markers in
clinical depression, such as increased levels of plasma
haptoglobin, an acute phase protein, synthesis of which is
induced by the three abovementioned PICs [1,2].

Thus, it may be concluded that there are striking
behavioral and inflammatory similarities between both
sickness behavior and clinical depression [1,2,11].

11
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Figure 1 Inflammation causes sickness and depression. This
Figure shows the theory that acute triggers cause inflammation and
increased production of pro-inflammatory cytokines (PICs), which is
associated with the onset of sickness behavior and clinical
depression.
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Figure 2 This figure shows the functions of acute inflammation-induced sickness behavior: a) energy saving by protecting the organism
from the energy consuming effects of inflammation (through somnolence, lethargy, sleepiness, hyperalgesia, reduction of motor activity,
exploration and grooming, cognitive deficits, loss of libido, anhedonia, disinterest in social interactions with the environment, and anxiety); b)
anti-inflammatory effects (through anorexia, weight loss); and ¢) pathogen-directed effects (through pyrexia).
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GlycA: a new biomarker for systemic inflammation and
cardiovascular disease (CVD) risk assessment
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Abstract: The GlycA test is a recently developed proton nuclear magnetic resonance ('II-NMR)

spectroscopy-based assay that has been gaining incre
inflammation, and consequently, as a potential bioma

The test has undergone investigation in several large cohort studi

pre

lictive value for incident CVD events, CVD-associated mortality.

sed interest as a serum biomarker for s

r for cardiovascular disease (CVD) risk assessment.

since its development, to assess its

and all-cause mortality. Despite

variation in the generated estimates by these studies, they have all consistently demonstrated moderate-
:;trcngth positive correlations between baseline GlycA levels, and incident CVD event rates and associated
mortality. These correlations withheld testing even after adjusting for several other established CVD risk
factors, including notable inflammatory biomarkers such as high-sensitivity C-reactive protein (hsCRP)
and interleukin-6 (IL-6). Compared with hsCRP, which is a well-known inflammatory biomarker for
CVD risk assessment, GlycA has a comparable predictive value for future CVD-related events. However,

the indications to pursue GlycA testing, and its clinical utility in patient care management, are yet to be

determined. In this review, we define the GlycA test and what it “measures”, and provide a brief summary of

the findings of studies showing its association with incident CVD rates, and CVD-related mortality, as well

as its correlation with other inflammatory biomarkers, namely hsCRP. Finally, we highlight the analytical

advantages of the GlycA test, compared with “traditional” inflammatory biomarkers, while also mentioning

its current limitations.
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Inflammation as a key driver of cardiovascular
disease (CVD)

Although there was resistance when the concept was first
proposed in the early 1990s, it is now widely accepted that
inflammation plays a pivotal role in the pathogenesis of

atherosclerosis (1-3). The actual sequence of events and

© Journal of Laboratory and Precision Medicine. All rights reserved.

initial triggers of the inflaimmatory cascade underlying
atherosclerosis remain an active area of investigation.
However, it is widely accepted that it starts with some
type of endothelial injury, which allows for LDL and
small remnant lipoproteins to across the endothelium,
infiltrating into the intima. Within the intimal space,
these lipoproteins are subject to various modifications,

7 Lab Precis Med 2020;5:17 | hup://dx.doi.org/10.21037/jlpm.2020.03.03

“Compared with hsCRP, which is
a well-known inflammatory
biomarker for CVD risk
assessment, GlycA has a
comparable predictive value for
future CVD-related events.
However, the indications to
pursue GlycA testing, and its
clinical utility in patient care
management, are yet to be
determined.”

14
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Figure 1 A simplified illustration showing how the GlycA ‘peak’ on 'H-NMR relates to systemic inflammation. In the setting of
inflammaton, irrespective of the trigger, macrophages are recruited to the site of inflammation where they secrete a variety of cytokines,
namely IL-1, IL-6, and TNF-alpha. These cytokines act locally to induce an inflammatory response aimed at removing the insulting
trigger and promoting subsequent tissue recovery. However, some of these cytokines also enter the systemic circulation and reach the
liver, where they induce an increased production and secretion of several so-called acute phase reactants, as well as various glycosylation-
mediating enzymes, known as glycosyltransferases, which alter the glycosylation patterns of the latter acute phase reactants. The acute phase
reactants themselves, and their glycosyltransferase-modified derivatives (denoted by * in the figure) contribute to the GlycA peak seen on the

'H-NMR analyzer. AAT, alpha-1-antitrypsin; AGP, alpha-1-acid glycoprotein; CRP, C-reactive peptide.
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Can't or Won't? Immunometabolic
Constraints on Dopaminergic Drive

Michael T. Treadway @,"2* Jessica A. Cooper,' and Andrew H. Miller®

Inflammatory cytokines have been shown to have a direct effect on mesolimbic
dopamine (DA) that is associated with a reduced willingness to expend effort for
reward. To date, however, the broader implications of this communication
between inflammation and mesclimbic DA have yet to be explored. Here,
we suggest that the metabolic demands of chronic low-grade inflammation
induce a reduction of striatal DA that in turn leads to a steeper effort-discount-
ing curve because of reduced perceived ability (can't) versus preference (won't)
for reward. This theoretical framework can inform how the mesolimbic DA
system responds to increased immunometabolic demands during chronic
inflammation, ultimately contributing to motivational impairments in psychiatric
and other medical disorders.

Dopamine, Effort, and the Inflammatory Response

The efficient utilzation of energy rescurces for goal-directed behaviors is believed to have been
a driving force in the evolutionary development of the central nervous system (CNS) and its
response to the emvironment [1]. Over the past several decades, our understanding of the
neurctiological mechanems that govemn exploratory behavior and goal pursuit has expanded
exponentially. This work has revealed a central role for mesolmbic signaling of the phylogeneti-
cally conserved neurctransmitter dopamine (DA} in shaping wilingness to expend energy [2-5]
or forage [6-8] and the drive to overcome cbstackes [9.10] In pursuit of rewards. To date,
however, the majority of studies have focused on the behavioral consequences of mesolmbic
DA signalng within the striatal, imbic, and cortical areas that mediate various aspects of nomal
and abnormal reward-seeking behavior, By contrast, a smalier body of work has focused on
inputs to the mesolimbic DAergic system from sources outside tha CNS that communicate
relevant bodily states to influence the responsivity of DAsrgic neurons and the calcuus of effoet-
based decision-making.

Ona emerging source of this external regulation is inflammation. There is growing appreciation
that mary of the behavicral sequelae assoclated with infection and the related inflammatory
response, incuding alterations in reward-seeking behavior (as ccours in so-called ‘sickness
behavicr’), are a direct consequence of the impact of inflammatory cytokines on mesclimbic DA
signaling [11.12]. To date, however, the broader imglications of this mescimbic DA-immune
axis have yet to be fuly explored. Herein, we propose that inflammatory signaling molecuies
play a critical rele In communicating informaticn relevant to shifts in mmunometabolism that
impact avalable engrgy resources in the body - a prerequisite for the mesclimbic DA system to
genarate accurate estimates of expected value of reward and guide effort allocation and anergy
expenditure. This function may have originated during evolution as a means of suppressing
exploratory behavior and shifting energy resources to the immune system for fighting infection
and healng wounds n an ancestral emironment rife with pathcgens and predators [13,14).
Nevertheless, we suggest that, in the medern world, communication between the immuna
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“Here, we suggest that the metabolic
demands of chronic low-grade
inflammation induce a reduction of
striatal DA that in turn leads to a
steeper effort-discounting curve
because of reduced perceived ability
(can’t) versus preference (won't) for
reward.”
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> Order: SAMPLE REPORT

@ Comprehensive Neurotransmitter; urine

’ Patient: Sample Report

| sample Collection Date/Time

(A OO O Age:33 Date Collected  01/07/2019
Client #: 12345 Sex: Male Wake Up Time 0800

Doctor: Sample Doctor, MD Body Mass Index (BMI):24 .4 Collection Time 0805

Doctors Data Inc. Collection Period 2nd morning void
3755 lllinois Ave. Date Received 01/08/2019

St. Charles, IL 60174 Date Reported 01/09/2019

Analyte Result Unit per Creatinine L WRI H Reference Interval
Phenethylamine (PEA) 27 nmollg e e
Tyrosine 12 pmolig S R—— W= o 15
Tyramine 1.9 pmolig — fN——— WS ieeae
Dopamine 211 Hlg N =R 110200
3,4-Dihydroxyphenylacetic acid (DOPAC) 331 Hg/g T, W aa0.1000
3-Methoxytyramine (3-MT) 175 nmol/g S N—— R g 474
Norepinephrine 21 uglg (N T — —_18 12
Normetanephrine 133 Hal/g — * p— 70-275
Epinephrine 4.3 uglg I Em——- 1 a.73
Metanephrine 55 Hglg — A_ — 44-103
Norepinephrine / Epinephrine ratio 4.9 * — <12
Tryptamine 0.3 pmolig N, = 0.10-0.75
Serotonin 83 Halg o _A = 50.98
5-Hydroxyindolacetic acid (5-HIAA) 1450 Ha/g T — W 4600-6000
Glutamate 42 nmolig [ —— | _—_—9.0-40.0
Gamma-aminobutyrate (GABA) 2.8 nmol/g — _A — 1.6-3.5
Glycine 2805 nmol/g T mm—— W 350-1500
Histamine 32 Hg/g e —— W= 530
Taurine 1111 pmol/g e me— r 240-900
Creatinine 125 mg/dL R e —— W a5 20

@ Neurotransmitter Comments:

« Urinary neurotransmitter levels provide an overall assessment of the body's ability to make and break down neurotransmitters and are
representative of whole body levels. They are required for neurotransmission throughout the mdy%mwww_
and metabolism in the central nervous system is not clinically feasible and approximately twenty percent of the total urinary levels are derived
from the brain. The enzymes, cofactors and precursors in neurotransmitter metabolism in generai are the same In the peniphery and in the
ceniral nervous system. Therefore, alterations in urinary neurotransmitter levels assessed in urine provide important clinical information, and may
be associated with many symptoms including cognitive and mood concerns, diminished drive, fatigue and sleep difficulties, cravings, addictions
and pain.

Tyrosine is the non-essential amino acid precursor for dopamine, norepinephrine and epinephrine. Increased tyrosine may exacerbate migraine
headaches and hyperthyroid conditions. Elevated tyrosine levels may occur due to supplementation (phenylalanine or tyrosine), heritable
enzyme defects, or liver disease. Tyrosine hydroxylase converts tyrosine into the dopamine precursor L-DOPA; BH4, Vitamin D and iron are
cofactors for that enzymatic activity.
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Depression and risk of developing dementia.

Byers AL, Yaffe K.

Department of Psychiatry, University of California, San Francisco and San Francisco Veterans Affairs Medical Center, 4150 Clement Street
(116H), San Francisco, CA 94121, USA. amy.byers@ucsf.edu

Abstract

Depression is highly common throughout the life course and dementia is common in late life. Depression has been
linked with dementia, and growing evidence implies that the timing of depression may be important in defining the nature
of this association. In particular, earlier-life depression (or depressive symptoms) has consistently been associated
with a more than twofold increase in dementia risk. By contrast, studies of late-life depression and dementia risk have
been conflicting; most support an association, yet the nature of this association (for example, if depression is a
prodrome or consequence of, or risk factor for dementia) remains unclear. The likely biological mechanisms linking
depression to dementia include vascular disease, alterations in glucocorticoid steroid levels and hippocampal atrophy,
increased deposition of amyloid-B plaques, inflammatory changes, and deficits of nerve growth factors. Treatment
strategies for depression could interfere with these pathways and alter the risk of dementia. Given the projected
increase in dementia incidence in the coming decades, understanding whether treatment for depression alone, or
combined with other regimens, improves cognition is of critical importance. In this Review, we summarize and analyze
current evidence linking late-life and earlier-life depression and dementia, and discuss the primary underlying
mechanisms and implications for treatment.
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CME 3 Review Article

Inflammation, Glutamate,
and Glia in Depression:
A Literature Review

By Leah McNally, BS, Zubin Bhagwagar, MD, PhD,
and Jonas Hannestad, MD, PhD

ABSTRACT [ )

Needs Assessment

Depression is a serious disorder for which available treatments are inadequate
and the pathogenesis of which is poorly understood. Recent research has high-
) . . lighted the potential role of excess inflammation and dysregulated glutamate
mation and glutamate dysfunction contribute to neurotransmission in depression. The convergence of these two fields may
reveal novel treatment targets.

Multiple lines of evidence suggest that inflam-

the pathophysiology of depression. In this review Learning Objectives

At the end of this activity, the participant should be able to:
© List inflammatory mediators commonly elevated in plasma in depression.
* Understand the potential role of the kynurenine pathway in depression.

we provide an overview of how these two sys-

tems may interact. Excess levels of inflamma- « Enumerate two ways in which inflammatory mediators and glutamate
interact.
tory mediators occur in a subgroup of depressed o Describe the specific role and interactions between microglia and astro-

glia and how this may contribute to depression.

patients. Studies of acute experimental activa- Target Audience: Neurologists and psychiatrists

tion of the immune system with endotoxin and of CME Accreditation Statement
This activity has been planned and implemented in accordance with the
chronic activation during interferon-a treatment Essentials and Standards of the Accreditation Council for Continuing
Medical Education (ACCME) through the joint sponsorship of the Mount

Sinai School of Medicine and MBL C ications, Inc. The Mount Sinai
School of Medicine is accredited by the ACCME to provide continuing medi-
cal education for physicians.

show that inflammation can cause depression.

Peripheral inflammation leads to microglial acti- : - :
Credit Designation

vation which could interfere with excitatory amino The Mount Sinai School of Medicine designates this educational activity for a
maximum of 3 AMA PRA Category 1 Credit(s)™. Physicians should only claim

acid metabolism leading to inappropriate gluta- credit commensurate with the extent of their participation in the activity.

This activity has been peer-reviewed and approved by Eric Hollander, MD,
mate receptor activation. Loss of astroglia, a fea- chair at the Mount Sinai School of Medicine. Review date: April 28, 2008. Dr.

Hollander does not have an affiliation with or financial interest in any organi-
zation that might pose a conflict of interest.

ture of depression, upsets the balance of anti- and
To Receive Credit for This Activity

pro-inflammatory mediators and further impairs Read this article and the two CME-designated accompanying articles, reflect
on the information presented, and then complete the CME posttest and
the removal of excitatory amino acids. Microglia evaluation found on page 528. To obtain credits, you should score 70% or

better. Early submission of this posttest is encouraged: please submit this
posttest by June 1, 2010, to be eligible for credit. Release date: June 1,
2008. Termination date: June 30, 2010. The estimated time to complete all
three articles and the posttest is 3 hours.

activated by excess inflammation, astroglial loss,

and inappropriate glutamate receptor activation

Ms. McNally is a fourth-year medical student at Yale University School of Medicine in New Haven, Connecticut. Dr. Bhagwagar is assistant professor
and Dr. Hannestad is clinical instructor, both in the Department of Psychiatry at Yale University School of Medicine.
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| FIGURE 1.
Tryptophan, kynurenine, and quinolinic acid’

Neuroplasticity Neurotoxicity

s T

* IDO converts tryptophan to kynurenic acid, an NMDA receptor antagonist. This reduces tryptophan availability for serotonin synthesis. Microglia activated by
inflammatory mediators can convert tryptophan to quinolinic acid, an NMDA agonist. Therefore, pro-inflammatory mediators favor the production of quinolinic
acid, while anti-inflammatory mediators inhibit synthesis of quinolinic acid. Decreased serotonin availability and excessive glutamate receptor agonism have
been implicated in depression. Depression associated with IFN-« treatment may occur because of interference with this pathway, and selective serotonin reup-
take inhibitors, such as paroxetine, are, therefore, efficacious in treating depression caused by IFN-«. The word neurotoxicity denote consequences of excess
excitatory amino acid levels, however, neurotoxicity has not been unequivocally demonstrated in depression.

NMDA=N-methyl-p-aspartate; Th=T helper cell; IL=interleukin; ID0=indoleamine 2,3-dioxygenase; IFN=interferon; TNF=tumor necrosis factor, Rx=prescription;
5-HIAA=5-hydroxyindoleacetic acid.

McNally L, Bhagwagar Z, Hannestad J. CNS Spectr. Vol 13, No 6. 2008.
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Kynurenines in the CNS: from endogenous obscurity to
therapeutic importance

Trevor W. Stone *

Institute of Biomedical and Life Sciences, University West Medical Building, University of Glasgow, Glasgow G12 8QQ, UK

Received 17 March 2000 “ As an NMDA receptor agonist,
qguinolinic acid similarly proved
Abstract able to cause neuronal death

In just under 20 years the kynurenine family of compounds has developed from a group of obscure metabolites of the essential fOI |OW| ng d | re Ct |ntra cere b ra I
amino acid tryptophan into a source of intensive research, with postulated roles for quinolinic acid in neurodegenerative disorders,

most especially the AIDS-dementia complex and Huntington’s disease. One of the kynurenines, kynurenic acid, has become a ad mInISt ratlon There is Stron g

standard tool for use in the identification of glutamate-releasing synapses, and has been used as the parent for several groups of
compounds now being developed as drugs for the treatment of epilepsy and stroke. The kynurenines represent a major success

in translating a basic discovery into a source of clinical understanding and therapeutic application, with around 3000 papers eVIdence that the aCtlvatlon Of
published on quinolinic acid or kynurenic acid since the discovery of their effects in 1981 and 1982. This review concentrates on

some of the recent work most directly relevant to the understanding and applications of kynurenines in medicine. © 2001 Elsevier N M DA rece ptO rs iS Critical in the
Science Ltd. All rights reserved. . . .

production of brain damage in
AIDS.”

Keywords: Kynurenine; Kynurenic acid; Quinolinic acid; Tryptophan; Neurodegeneration; Neuroprotection; Excitotoxicity
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FIGURE 2.
Excitatory amino acid production and removal’

Neuroplasticity Neurotoxicity
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* Glutamate and quinolinic acid are excitatory amino acids that can have neurotoxic effects through NMDA receptor agonism. Excess glutamate is removed by
astroglial EAAT. Microglia, activated by pro-inflammatory mediators, produce quinolinic acid and inhibit EAAT expression, potentially leading to excess NMDA
agonism. NMDA antagonists such as ketamine and memantine can inhibit microglial release of pro-inflammatory mediators. How this occurs is not known.

NMDA=N-methyl-D-aspartate; Th=T helper cell, IL=interleukin; EAAT=excitatory amino acid transporter, TNF=tumor necrosis factor, IFN=interferon;
Rx=prescription.

McNally L, Bhagwagar Z, Hannestad J. CNS Spectr. Vol 13, No 6. 2008.
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NMDA receptor activity in neuropsychiatric disorders
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Edited by: N-Methyl-d-aspartate (NMDA) receptors play a variety of physiologic roles and their proper
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signaling is essential for cellular homeostasis. Any disruption in this pathway, leading to
either enhanced or decreased activity, may result in the manifestation of neuropsychiatric

Reviewed pathologies such as schizophrenia, mood disorders, substance induced psychosis, Hunting-

by:
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School, USA
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ton’s disease, Alzheimer’s disease, and neuropsychiatric systemic lupus erythematosus.
Here, we explore the notion that the overlap in activity of at least one biochemical pathway,
the NMDA receptor pathway, may be the link to understanding the overlap in psychotic
symptoms between diseases. This review intends to present a broad overview of those
neuropsychiatric disorders for which alternations in NMDA receptor activity is prominent
thus suggesting that continued direction of pharmaceutical intervention to this pathway
may present a viable option for managing symptoms.
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blocking certain subtypes of these receptors with antipsychotics.

Di is of p ic disorders is done

Unfor ly, long-term treatment with typical or atypical

L

on obumble symploms and behaviors rather than on under-
lying psychodynamic processes or on the results of laboratory
or imaging testing. Understanding the descriptive symptoms for
mental disorders is vital in order to properly diagnose each psy-
chiatric di The instr most ¢ ly used to diag-
nose and categorize mental illnesses, the Diagnostic and Statis-
tical M. 1 of Mental Disorders (DSM-IV-TR) and the World
Health Organization's International Statistical Classification of
diseases and Related Health Problems (ICD-10), focus on objec-
tive observations, without offering any discussion on the eti-
ologies for these diseases. From a molecular, biochemical, and
ultimately therapeutic perspective, it is equally as essential to
characterize the role of various receptors, ligands, and neuro-
transmitters that when modified alter the manifestation of these

symptoms.
Ps'yc.houc sympmms can be present in primary psychiatric
ders (schi ia, schizoaffective disorder, mood disor-

ders, substance intoxication) and in psychiatric disorders that
occur due to a medical condition such as Huntington's disease
(HD), Alzheimer’s disease (AD), and systemic lupus erythemato-
sus (SLE). Several neurotransmitters have been linked to the
development of psychotic symptoms, with dopamine and sero-
tonin being the most widely studied due to the treatment effect of

Abbreviations: AA, arachidonic acid; AP, amyloid beta; AD, Alzheimer's discase;
AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; BPAD, bipolar
affective disorder; CONSIST, Cognitive and Negative Symptoms in Schizophrenia
Trial; DSM, Diagnostic and Statistical Manual of Mental Disorders; DSM-IV-TR,

Diagnosticand Manual of Mental Disorders, fourth-edition, text-revision;
GABA, in y-aminobutyric acid; HD, Huntington's disease; NMDA, N'-Methyl-o-
aspartate; SIP, substance induced psychosis; NPSLE, neuropsychiatric systemic lupus

erythematosus; SLE, systemic lupus erythematosus.

antipsychotics is limited due to side effects profile and high rates of
discontinuation (Lieberman et al., 2005). N-Methyl-p-aspartate
(NMDA) receptors have also been :mplu:lt:d in the develop-
ment of psych and are a p | target for the
development ofncvd uu!mcnu:n Ihcfutun:

NMDA RECEPTORS IN NEUROPSYCHIATRIC DISORDERS

N-Methyl-p-aspartate receptors are a class of glutamate recep-
tor that when activated, mediate excitatory neurotransmission
via passage of non-selective cations, including Ca**, through the

channel. They are abundantly and ubiquitously located through
out the brain and are understood to play a key role in synaptic
plasticity and ry function (Stephenson et al., 2008; Li and

Tsien, 2009). They are activated by binding the co-agonists gluta-
mate and glycine, in addition to exposure to a positive change in
munbnne potential across the cell. Functional NMDA receptor

are generally formed through a “dimer of dimers”
mtchanmandmwmmuonallym:deupofmglyunebmdmg
NRI subunits and two gl binding NR2 subunits (Figure 1)
(Dongen, 2009). While the NR1 subunit is considered essential to
the formation of the complex, data indicates that the NR2 sub-
units may be interchangeable with either one or two NR3 subunits
(Schuler et al., 2008).

The NMDA receptor is known to play an integral role in
the regulation of signal transduction in multiple regions of the
brain. Accordingly, any homeostatic dysfunction of NMDA recep-
tor activity has the potential to result in a variety of pathologies.
Previous authors have found a particularly high concentration of
post-synaptic NMDA receptors in limbic structures (Kretschmer,
1999; Tsapakis and Travis, 2002), which is of uttermost importance
in the pathogenesis of many psychiatric disorders.

www.frontiersin.org

June 2013 |Volume £ | Articie 52 | 1

“Any disruption in this pathway,
leading to either enhanced or
decreased activity, may result in the
manifestation of neuropsychiatric
pathologies such as schizophrenia,
mood disorders, substance induced
psychosis, Huntington’s disease,
Alzheimer’s disease, and
neuropsychiatric systemic lupus
erythematosus.”
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Abstract: Anti-N-methyl-D-aspartate receptor (NMDAR) phalitis is a form of autoimmune
encephalitis associated with antibodies against the NR1 subunits of NMDARs. Although new-
onset acute promi psychotic synd in patients with NMDAR encephalitis have been
well documented, there is a lack of case studies on differential diagnosis and treatment of anti-
NMDAR encephalitis after a long-term diagnostic history of functional psychotic disorders.
The present study reports an unusual case of anti-NMDAR encephalitis. The patient had been
diagnosed with schizophrenia 7 years carlier, and was currently hospitalized for acute-onset
psychiatric symptoms. The diagnosis became unclear when the initial psychosis was confounded
with considerations of other neurotoxicities (such as lepti lig drome). Finally,
identification of specific immunoglobulin G NR1 autoantibodies in the cerebrospinal fluid and
greater effectiveness of i therapy over antipsych alone (which has been well docu-
mented in anti-NMDAR encephalitis) indicated the diagnosis of anti-NMDAR encephalitis in this
case. Based on the available evidence, however, the relationship between the newly diagnosed
anti-NMDAR phalitis and the ningly clear, long-term history of schizophrenia in the
preceding 7 years is This case report illustrates that psychiatrists should consider
anti-NMDAR encephalitis and order tests for specific immunoglobulin G NR1 autoantibodies
in patients pr ing with di disturbance of consciousness, cognitive deficit, dys-
kinesia, ic disturb , or rapid deteri even with a seemingly clear history of a
psychiatric disorder and no specific findings on routine neuroimaging, electroencephalography,
or cerebrospinal fluid tests in the early stage of the illness.
Keywords: anti-N-methyl-D-asf receptor phalitis, schizoph
nosis, treatment

ia, differential diag-

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic autoimmune
disorder in which immunoglobulin (Ig)G autoantibodies recognize the GluN1 (also
termed NR1 or NR1a) subunit of NMDARs.' According to available studies,' * in most
patients, development and progression of the disease occurs in well-defined clinical
stages. The majority of patients (70%) will develop a viral prodrome with headache,
fever, nausea, vomiting, diarrhea, and/or upper respiratory tract symp Within
5 days to 2 weeks, patients develop prominent psychiatric symptoms, which may
include delusions, hallucinations, mania, agitation, changes in speech, disorganiza-
tion, and seizures. Most cases progress into an unresponsive phase with catatonic
features, including severe neurological features like seizures, movement abnormalities,

Neuropsychiatric Disease and Treatment 2015:1 1 14371442 1437
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“The present study reports an
unusual case of anti-NMDAR
encephalitis. The patient had been
diagnosed with schizophrenia 7
years earlier, and was currently
hospitalized for acute-onset
psychiatric symptoms.”
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Abstract: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a form of autoimmune
encephalitis associated with antibodies against the NR1 subunits of NMDARs. Although new-
onset acute prominent psychotic syndromes in patients with NMDAR encephalitis have been
well documented, there is a lack of case studics on differential diagnosis and treatment of anti-
NMDAR encephalitis after a long-term diagnostic history of functional psychotic disorders.
The present study reports an unusual case of anti-NMDAR encephalitis. The patient had been
diagnosed with schizophrenia 7 years carlier, and was currently hospitalized for acute-onset
psychiatric symptoms. The diagnosis became unclear when the initial psychosis was confounded
with considerations of other neurotoxicities (such as i i

1.

lep lignant sy ). Finally,
identification of specific immunoglobulin G NR1 ibodies in the cerebrospinal fluid and
greater effectiveness of immunotherapy over antipsychotics alone (which has been well docu-
mented in anti-NMDAR encephalitis) indicated the diagnosis of anti-NMDAR encephalitis in this
case. Based on the available evidence, however, the relationship between the newly diagnosed
anti-NMDAR encephalitis and the seemingly clear, long-term history of schizophrenia in the
preceding 7 years is uncertain. This case report illustrates that psychiatrists should consider
anti-NMDAR encephalitis and order tests for specific immunoglobulin G NR1 autoantibodies
in patients pr ing with di ion, disturbance of consciousness, cognitive deficit, dys-
kinesia, autonomic disturbance, or rapid deterioration, even with a seemingly clear history of a
psychiatric disorder and no specific findings on routine imaging, clectr phalography,
or cerebrospinal fluid tests in the early stage of the illness.

Keywords: anti-N-methyl-D-aspartate receptor encephalitis, schizophrenia, differential diag-
nosis, treatment

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic autoimmune
disorder in which immunoglobulin (Ig)G autoantibodies recognize the GluN1 (also
termed NR1 or NR1a) subunit of NMDARs.' According to available studies,' * in most
patients, development and progression of the disease occurs in well-defined clinical
stages. The majority of patients (70%) will develop a viral prodrome with headache,
fever, nausea, vomiting, diarrhea, and/or upper respiratory tract symptoms. Within
5 days to 2 weeks, patients develop prominent psychiatric symptoms, which may
include delusions, hallucinations, mania, agitation, changes in speech, disorganiza-
tion, and seizures. Most cases progress into an unresponsive phase with catatonic
features, including severe neurological features like seizures, movement abnormalities,

Never

Neuropsychiatric Disease and Treatment 2015:11 14371442 1437
L
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“This case report illustrates that
psychiatrists should consider anti-
NMDAR encephalitis and order tests for
specific immunoglobulin G
NR1 autoantibodies in patients
presenting with disorientation,
disturbance of consciousness, cognitive
deficit, dyskinesia, autonomic
disturbance, or rapid deterioration,
even with a seemingly clear history of a

psychiatric disorder and no specific
findings on routine neuroimaging,
electroencephalography, or
cerebrospinal fluid tests in the early
stage of the illness.”
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Anti-NMDA Receptor (NR1) IgG Antibodies

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an
autoimmune disease caused by antibodies against the brain protein,
NMDA. Affected individuals display distinctive symptoms, including
significant psychiatric disturbances, seizures, confusion, memory loss,

Tests to Consider

. L N-methyl-D-Aspartate Receptor
and agitation. Woman are affected more often than men. Testing is Antibody, IgG, Serum with Reflex

used to confirm a diagnosis of NMDAR encephalitis and to monitor to Titer 2004221

disease progression and treatment response. Method: Semi-Quantitative Indirect
Fluorescent Antibody

D | sease Overview * Confirm diagnosis of anti-NMDAR
encephalitis
* May be used in monitoring
|ncidence treatment response in individuals
who are antibody positive
Unknown
N-methyl-D-Aspartate Receptor
Antibody, 1gG, CSF with Reflex to
Age Of Onset Titer 2005164
Method: Semi-Quantitative Indirect
Affects all age groups, with a low prevalence in individuals >50 years Fluorescent Antibody
* Confirm a diagnosis of anti-NMDAR
Sym ptom S encephalitis
* May be used in monitoring
* Prodromal symptoms similar to a nonspecific viral-like illness treatment response in individuals
o Low-grade fever who are antibody positive
o . e
D-feadache ‘ ' . Autoimmune Encephalitis
¢ Rapid progression to other neurological symptoms (psychotic and Reflexive Panel, Serum 2013601
catatonic phases) Method: Semi-Quantitative Indirect
: : Hati ¢ Fluorescent Antibody/Semi-Quantitative
o Autonomlf: dysfunction (h.ypovemllatlon, tachycardia, Efin e Chikied Imimkinoiiert
hypertension, hyperthermia) Assay/Quantitative Radicimmunoassay

o Cardiac dysrhythmias

. ¢ Differential evaluation of
o Delusions, psychoses

encephalitis of unknown origin with
subacute onset of seizures,
confusion, memory loss, and/or

o Dyskinesia, movement disorders
o Hallucinations
[+]
©

Memory loss behavioral change

Paranoia * Testing for LGI1 and CASPR2
o Seizures antibodies always performed
o Unresponsiveness * Panelincludes NMDA receptor

antibody, VGKC antibody, GAD65
antibody, AQP4 antibody.
* For adults and patients with

« Significant portion of patients are nonparaneoplastic
o Ovarian teratoma is the most common tumor-related cause
o Men, women, and children without tumors have also been suspicion of cancer, additional 32
diagnosed with anti-NMDAR encephalitis evaluation of paraneoplastic

autoantibodies is recommended



MOTION

|
WPICTURE )
|:="

N, pr

/ R B0 R "\II
A HMAJOR

#1 NEW YORK TIMES BESTSELLER

A Limmsiagly [ aie iy et oFn ol @ D Frven

ol il .‘H i § 8 i) § oyl gFvres ey mainalsafe ]

BRAIN ON FIRE

— My Meonth of Madness —
SUSANNAH CAHALAN

WITH A SNEW AFTERYCO KLY %ﬁl

33



Microglial Activity in People at Ultra High Risk of
Psychosis and in Schizophrenia: An [**C]PBR28

PET Brain Imaging Study

Peter S. Bloomfield, M.Sc., Sudhakar Selvaraj, M.D., Ph.D., Mattia Veronese, Ph.D., Gaia Rizzo, Ph.D.,
Alessandra Bertoldo, Ph.D., David R. Owen, M.D., Ph.D., Michael A.P. Bloomfield, M.D., llaria Bonoldi, M.D., Nicola Kalk, M.D.,
Federico Turkheimer, Ph.D., Philip McGuire, M.D., Ph.D., Vincenzo de Paola, Ph.D., Oliver D. Howes, M.D., Ph.D.

Objective: The purpose of this study was to determine
whether microglial activity, measured using translocator-
protein positron emission tomography (PET) imaging, is in-
creased in unmedicated persons presenting with subclinical
symptoms indicating that they are at ultra high risk of
psychosis and to determine whether microglial activity is
elevated in schizophrenia after controlling for a translocator -
specific genetic polymorphism.

Method: The authors used the second-generation radio-
ligand [C)PBR28 and PET to image microglial activity in the
brains of participants at ultra high risk for psychosis. Partic-
ipants were recruited from early intervention centers. The
authors alsoc imaged a cohort of patients with schizophrenia
and matched healthy subjects for comparison. In total, 56
individuals completed the study. At screening, participants
were genotyped to account for the rs6971 polymorphism in
the gene encoding the 18Kd translocator protein. The main

Schizophrenia is a severe psychiatric disorder characterized
by psychotic and cognitive symptoms, and itis aleading cause
of global disease burden (1). It is generally preceded by
a prodromal phase of attenuated psychotic symptoms and
functional impairment (2). Individuals meeting standardized
criteria for this phase have an ultra high risk for developing
a psychotic disorder, in most cases schizophrenia (3). Ap-
proximately 35% of high-risk persons will develop a psy-
chotic disorder within 24 months (4).

While the pathoetiology of schizophrenia is not fully
understood, there is increasing evidence for the involvement
of neuroinflammatory processes. Microglia are the resident
immune cells of the CNS, and several lines of evidence in-
dicate microglial involvement in the pathology of psychosis
(5-7). In ultra-high-risk individuals, there are elevations in
the levels of proinflammatory cytokines (8), which are also
elevated in patients with schizophrenia(9). The levels of such
peripheral markers have also been associated withreductions

ajp in Advance

outcome measure was total gray matter [*'C]PBR28 binding
ratio, representing microglial activity.

Results: [*!C]PBR28 binding ratio in gray matter was elevated
in ultra-high-risk participants compared with matched
comparison subjects (Cohen’s d >1.2) and was positively
correlated with symptom severity (r=0.730). Patients with
schizophrenia also demonstrated elevated microglial activity
relative to matched comparison subjects (Cohen’s d >17).

Conclusions: Microglial activity is elevated in patients with
schizophrenia and in persons with subclinical symptoms who
are at ultra high risk of psychosis and is related to at-risk
symptom severity. These findings suggest that neuro-
inflammation is linked to the risk of psychosis and related
disorders, as well as the expression of subclinical symptoms.

AJP in Advance (doi: 10.1176/appi 3ip.2015 14101358)

in gray matter volume in both ultra-high-risk individuals (10)
and patients with schizophrenia (11). Postmortem in-
vestigation of brain tissue has found elevated microglial cell
density (with a hypertrophic morphology) in persons with
schizophrenia compared with control subjects (5), particu-
larly in the frontal and temporal lobes (12), although some
studies have found no differences (13). However, since
microglial activity is dynamic, postmortem studies may miss
alterations early in the development of the disease.
Elevations in microglial activity can be measured in vivo
with positron emission tomography (PET) using radioligands
specific for the 18kD translocator-protein (TSPO), which is
expressed on microglia (14). Investigations using the first-
generation radiotracer (R)-['CJPK11195 have revealed an
increase in TSPO binding in medicated patients with
schizophrenia when compared with healthy control subjects
(6, 7). The first investigation of microglia using PET in
schizophrenia, in a cohort of 10 patients, revealed a total gray

ajp.psychiatryoniine.org 1

“Microglial activity is elevated in
patients with schizophrenia and
in persons with subclinical
symptoms who are at ultra high
risk of psychosis and is related to
at-risk symptom severity. These
findings suggest that neuro-
inflammation is linked to the risk
of psychosis and related
disorders, as well as the
expression of subclinical
symptoms.”
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Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium*

“Independent of genes expressed

Schizophrenia is a highly heritable disorder. Genetic risk is conferred bya large number of alleles, including common
alleles of small effect that might be by g studies. Here we report a multi- -stage schizo-
phrenia genome-wide association study of up to 36,989 cases and 113,075 We i ify 128 i asso-
ciatim'ls sp:mnins 108 cnnservauvely defined loci that meet genome-wide significance, 83 of which have not been
ly reported. A i were enriched among genes expressed in brain, providing biological plausibility for
the ﬂnd.h'lgs Many findings have the potential to pmvlde entirely new insights into aetiology, but associations at DRD2

in brain, associations were

and several genes i in gic neurot

of known and potermal therapeuhc

withleading

in brain, associations were enrlched among genes expressed in tissues that have important roles in immu.mty pmvxl.ing

support for the sp the system and phrenia.

Schizophrenia has a lifetime risk of around 1%, and is associated with
substantial morbidity and mortality as well as personal and societal costs' .
Although pharmacological treatments are available for schizophrenia,
their efficacy is poor for many patients’. All available antipsychotic drugs
are thought to exert their main therapeutic effects through blockade of
thetype 2 dopaminergic receptor’ but, since the discovery of this mech-
anism over 60 years ago, no new antipsychotic drug of proven efficacy
has been developed based on other target molecules. Therapeutic stasis
is in large part a consequence of the fact that the pathophysiology of
schizophrenia is unknown. Identifying lhe causes of schizophrenia is
therefore a critical step towards imp g and

for those with the disorder.

High heritability points to a major role for inherited genetic variants
in the aetiology of schizophrenia’™*, Althuugh risk variants rangen fre-
quency from common to extremely rare’, estimates'*'" suggest halftoa
third of the genetic risk of schizophrenia is indexed by common alleles

d by current g id iation study (GWAS) arrays.
Thus, GWAS is potentially an lmpnrmm tool for understanding the

L.-|..-uofL-(\_
To date, around 30 schi iated loci'® ** have been iden-
nﬁad through GWAS. Postulatmg that sample slzx is one of the most
limiting factors g GWAS hrenia, we created
the Schizophrenia Working Group of the Psychaamc Genomics Con-
sortium (PGC). Our primary aim was to combine all available schizo-
phrenia samples with published or unpublished GWAS genotypes into
asingle, systematic analysis*. Here we report the results of that analysis,
including at least 108 independent genomic loci that exceed genome-
wide significance. Some of the findings support leading pathophysio-
logical hypotheses of schizophrenia or targets of therapeutic relevance,
but most of the findings provide new insights.

108 independent associated loci

We obtained genome- -wide genmype data from which we cunsl.ructed 49
ancestry 1 case-control 1

and three of east Asian ancestry, 34,241 cases and 45,604 mntmls) and
3 family-based samples of E ancestry (1,235 parent aﬂec\ed-
offspring trios) (St y Table 1 and Suppl

PP

*Alist of authors and affiliations appears at the end of

These comprise the primary PGC GWAS data set. We processed the
genotypes from all studies using unified quality control procedures fol-
lowed by imputation of SNPs and insertion-deletions using the 1000
Genomes Project reference panel™. In each sample, association testing
was conducted using imputed marker dosages and principal components
(PCs) to control for population stratification. The results were combined
using an inverse-variance weighted fixed effects model**. After quality
control (imputation INFO score = 0.6, MAF = 0.01, and successfully
imputed in = 20 samples), we considered around 9.5 million variants.
The result: ized in Fig. 1. To enable acquisition of large sam-
ples, some groups ascertained cases via clinician diagnosis rather thana
research-based assessment and provided evidence of the validity of this
approach (Supplementary Information)'™"*. Post hoc analyses revealed
the pattern of effect sizes for associated loci was similar across different
methods and modes of ascertail (E ded Data Fig. 1),
suppom'ng our a priori decision to include samples of this nature.

For the subset of linkage-disequilibrium-independent single nucleotide
polymorphisms (SNPs) with P<1 X 10~ mihe meta-analysis, we next
obtained results from deCODE genetics (1,513 cases and 66,236 controls
of European ancestry). We define linkage-disequilibrium-independent
SNPs as those with low linkage disequilibrium (r* <0.1)toamore sig-
nificantly associated SNP within a 500-kb window. Given high linkage
disequilibrium in th ded major histocc ibility complex (MHC)
region spans ~8 Mb, we conservatively include only a single MHC SNP
to represent this locus. The deOODE data were then combined with those
from the primary GWAS to give a data set of 36,989 cases and 113,075
controls. In this final analysis, 128 linkage-disequilibrium-ind d
SNPs exceeded genome-wide slgmﬁcance (P= < 5%107% (Supplamen
tary Table 2).

Asin meta-analyses of other complex traits which identified large num-
bers of common risk variants”’**, the test statistic distribution from our
GWAS deviates l’mm thenull (Extended Dala Flg, 2). Thisis mnsmcm
with the previ toschi
“The deviation in the teststatistics from the null (A = L47, Arcoo = LO1)
isonly slightly less than expected (Acc = 1.56) under a polygenic model
given fully informative genotypes, the current sample size, and the life-
time risk and heritability of schizophrenia™.

24 JULY 2014 | VOL 511 | NATURE

enriched among genes expressed

in tissues that have important roles

in immunity, providing support

for the speculated link between
the immune system and

schizophrenia.”




The site in Chromosome 6 harboring
the gene C4 towers far above other
risk-associated areas on
schizophrenia’s genomic “skyline,”
marking its strongest known genetic
influence. The new study is the first to
explain how specific gene versions work
biologically to confer schizophrenia risk.
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Remission of Psychosis in
Treatment-Resistant Schizophrenia
following Bone Marrow
Transplantation: A Case Report

Tsuyoshi Miyaoka®, Rel Wake, Sadayuki Hashioka, Maiko Hayashida, Arata Oh-Nishi,
lhamuddin Abdul Azis, Muneto lzuhara, Kelko Tsuchie, Tomoko Araki, Ryosuke Arauchi,
Rostia Arianna Abdullah and Jun Horiguchi

Depsrirrnd of Paychiaky Schoo' of Madons, Shimare Linveraty, umo, Jsoan

The authors present the case of a 24-year-oid male with treatment-resistant schizophrenia,
with predominant severe delusion and hallucination, who received bone marrow
transplantation (BMT) for acute myeloid leukemia. After BMT, he showed a remarkable
reduction in psychotic symptoms without administration of neuroleptics. He also showed
drastic improvement in social functioning. Follow-up evaluations 2 and 4 years after BMT
showed persistent significant improvement of the psychotic state and social functioning.
Recent findings show that the major underlying pathogenic mechanism of schizophrenia
is immune dysregulation. Thus, conceptualy, BMT, a cellular therapy, that faciitates the
counteractive processes of balancing inflammation by immune regulation, could pro-
duce beneficial clinical effacts in patients with treatment-resistant schizophrenia. Further
studies are required to define the true benefits of BMT for the possible curative treatment
of schizophrenia.

¥ enia, bone - acute
alterations, cellular therapy, maternal immune sctivation
BACKGROUND
Increasing evidence suggests a correlation between schizophrenia and system disturbances
Genome-wide association studies for linkages with schizophrenia have revealed that the odds ratio
is frequently high in immune-related regions among many schizophrenia-related g loci of
patients (1-3). Although schizophrenia is regarded as a synd with different biological back-

grounds, involvement of immune system disturbances could be one of the common mechanisms.

The association between maternal infection and neurodevelopmental disorders is long stand-
ing but not without controversy. After the 1964 rubella pandemic, the incidence of schizophrenia
rose from less than 1% in the unexposed population to about 20% in the exposed population (4).
Subsequent studies charting historic outbreaks of flu, measles, mumps, chickenpox, and polio have
revealed an association with schizophrenia (5). However, not all ecological studies have replicated
these associations (6). The differing conclusions may stem from differences in estimating the exposed
population (6). Nevertheless, several prospective studies following birth cohorts (7, 8) have consist-
ently revealed an association between maternal viral infection and psychiatric disorders in offspring
and added other classes of pathogens to the list: namely, bacterial infections—including pneumonia,
sinusitis, and tonsillitis—and the parasite Toxoplasma gondii (7, 9).

Recent findings show that the major
underlying pathogenic mechanism of
schizophrenia is immune
dysregulation. Thus, conceptually,
BMT, a cellular therapy, that
facilitates the counteractive
processes of balancing inflammation
by immune regulation, could pro-
duce beneficial clinical effects in
patients with treatment-resistant
schizophrenia.
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LETTER TO THE EDITOR

Severe chronic psychosis after allogeneic SCT from

a schizophrenic sibling

Bone Marrow Transplantation {2015) 50, 153-154; doi10.1038/
bmt2014.221; published online 6 October 2014

Schizophrenia s a life-long disorder, usually starting at early
adulthood and consisting of remitting or chronic psychosis and
functional decline,

There is am?ie evidence that immune processes play a role in
schizophrenia.” ~ More than 20 different auto-antibodies are at
elevated levels in patients with schizophrenia as compared to
controls® Autoimmune diseases (AID), such as thyrotoxicosis,
celiac disease, acquired hemolytic anaemia, interstitial cystitis and
Sjogren's syndrome, but also atopic diseases, have higher
prevalence rates among patients with schizophrenia® The
strongest genetic association with schizophrenia is found in the
MHC genes, induding lodi that influence immune !espomcs.
Further evidence for an autoimmune component comes from the
lower incidence of schizophrenia in men who used glucocorticos-
teroids for somatic diseases (odds ratio 052).° It is unclear if
immune processes play a key role in all patients with schizo-
phrenia, or only in ~30-40% of them.'®"’

A common characteristic of AID'? and severe allergies'” is their
favourable response to immune ablation and rescue with SCT.
Accordingly, we (IES and DWvB) searched for transplant cases
suffering from coincident schizophrenia.'*'® No such cases had
been discovered, but one of us (GT) retrieved the history of a
patient who developed severe psychosis after receiving a BM
transplant from his schizophrenic brother.

The patient (born 1940) had a blank psychiatric history. He was
retired, married and had two adult children. At the age of 67 he
developed fatigue and skin ecchymoses, and he was diagnosed
with chronic lymphocytic leukemia (CLL) and bone marrow
aplasia, requiring weekly bloed transfusions. Chemotherapy (two
courses of CY), and treatment with cyclosporin A, rituximab and
prednisolone did not improve his CLL/aplastic anemia. In 2007 he
received an allogeneic peripheral blood SCT from one of his
brothers, who was the only HLA-matched family member. This
brother (born 1952) had schizophrenia since eardy adulthood and
he required treatment with multiple antipsychotic agents. No
other first-degree relatives suffered from schizophrenia. The donor
also had a history of Lyme disease 8 years before. Serology
showed positive IgG and negative IgM for Lyme disease, and PCR
was negative for Borrefia burgdorferi DNA, consistent with inactive
prior infection. The donor used daxycycline 100 mg twice daily,
starting 4 days before the stem cell collection, as a safety measure
to prevent transmission. The patient was conditioned with
fludarabine and CY, followed by an infusien of 5.0x10° CD34"
cells’kg from the peripheral blood of his brother. Tacrolimus was
administered to prevent GVHD. He never received steroids, and
did not develop graft-vs-host reactions. He had complete
hematologic recovery and reached full hematopoietic chimerism
{=>97% donor cells 4 weeks after SCT). We tapered off tacrolimus
4 months after the SCT, because of decreasing blood counts. A
fews weeks later, when off tacrolimus, he developed acute
psychotic symptoms: frequent hallucinations {running commen-
tary and threatening voices), bizarre and non-bizarre delusions,
and thought broadcasting with clear consciousness. Insight and

judgment were poor. He described his mood as ‘angry’, with a flat
affect. When he developed suicidal and homicidal ideation, he was
admitted 10 a psychiatric dinic. Neurological evaluation, magnetic
resonance imaging and electroencephalography reveadled no
asbnomalities. Extensive medical work-up did not reveal metabolic
disorders, underlying infections and neoplasms. Results of lumbar
puncture were normal and screenings for viruses (including
Herpes Simplex Virus and Human Herper Virus-6), bacteria, fungi
and Lyme disease were al unremarkable. He was treated with
risperidone 3mg and ctalopram 20 mg unsuccessfully. Under the
wiorking diagnasis of delirium, all medications were discontinued and
haloperidol 1 mg was administered, which was not helpful either.

The patient’s family decided for comfornt care only and the
patient was lost to follow-up. He died in 2010, of unknown cause.

The following differential diagnoses were considered and
dismissed:

Delirium: Acute onset of psychotic symptoms in a 68-year-old
man after somatic disease. However, the 4-month interval
between transplantation and onset of psychosis is atypical.
Furthermore, discontinuation of all medication did not improve
h-s condnlm. nor could any somatic disorder be identified.

ph : The patient was genetically predis-
posed !o sdumphrm given his brother had this disease.
However, acute onset at the age of 68 s rare,'* especially in
males.'” Age of onset is strongly comelasted among affected
siblings. and differences in onset of more than 10 years are very
race.

Tick-borne infection transmitted through stem cells: The stem cell
donor had Lyme disease 8 years earlier. Transfer of tick-borne
pathogens might have caused psychotic symptoms. However, the
donor was Borrelia IgM and PCR negative and received
doxycycline before stem cell extraction.

Therefore, adoptive transfer of schizophrenia is the most
appealing etiology, not only by excusion, but also in view of
the increasing evidence that some forms of schizophrenia have an
autoimmune origin. Although the transplanted patient fulfills
these criteria, a formal diagnosis was never made given his very
unusual age of onset and potential relation to the SCT.

Adoptive transfer of AIDs seems to be rare, as we are aware of
only 21 cases reported so far among ~ 200 000 long-term survivors
of allogeneic SCTs. Stem cell donors are routinely subjected to
complete medical examination; therefore chances are small that
AID is overlooked. The 21 cases include thyroiditis (10 cases),”
vitligo (3),""* poriasis (2™ type | diabetes mellitus (2.
celiac disease (1),"®  thrombocytopenia mY potyglandula
syndrome type Il (1" and systemic lupus erythematosus (1).**
Moreover, not only AlDs may be uansleued by SCT but also other
immune diseases, such as allerg‘-es. Adoptive transfer of AlDs
and allergies is thought to be mediated by transfer of donor
lymphocytes. This suggests that the subform of schizophrenia in
the patient was mediated by lymphocytes.

Based on this single case report, we obviously cannot prove an
immune pathogenesis of schizophrenia. However, the report
supports the hypothesis of immunological involvement in
schizophrenia pathogenesis and we suggest that physicians and
patients involved in SCT take into consideration the possibility
that schizophrenia may be transmitted by the transplant.

Based on this single case report,
we obviously cannot prove an
immune pathogenesis of
schizophrenia. However, the report
supports the hypothesis of
immunological involvement in
schizophrenia pathogenesis and
we suggest that physicians and
patients involved in SCT(Stem Cell
Transplant) take into consideration
the possibility that schizophrenia
may be transmitted by the
transplant.
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The gut microbiome from patients with schizophrenia
modulates the glutamate-glutamine-GABA cycle and
schizophrenia-relevant behaviors in mice
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Schizophrenia (SCZ) is a devastating mental disorder with poorly defined underlying molecular mechanisms. The
gut microbiome can modulate brain function and behaviors through the microbiota-gut-brain axis. Here, we
found that unmedicated and medicated patients with SCZ had a decreased microbiome a-diversity index and
marked disturbances of gut microbial composition versus healthy controls (HCs). Several unique bacterial
taxa (e.g., Veillonellaceae and Lachnospiraceae) were associated with SCZ severity. A specific microbial panel
(Aerococcaceae, Bifidobacteriaceae, Brucellaceae, Pasteurellaceae, and Rikenellaceae) enabled discriminating
patients with SCZ from HCs with 0.769 area under the curve. Compared to HCs, germ-free mice receiving SCZ
microbiome fecal transplants had lower glutamate and higher glutamine and GABA in the hippocampus and
displayed SCZ-relevant behaviors similar to other mouse models of SCZ involving glutamatergic hypofunction.
Together, our findings suggest that the SCZ microbiome itself can alter neurochemistry and neurologic function

in ways that may be relevant to SCZ pathology.

INTRODUCTION
Schizophrenia (SCZ) is a devastating illness affecting approximately
0.5 to 1% of the general population worldwide (1). Pr:mm!y. re-

The relationships between the MGB axis and the SCZ are not yet
fully understood. Emerging clinical and preclinical studies indicate
potential associations between a disturbed gut microbiome and SCZ

searchers have focused on analysis of the h tod

the pathogenesis of SCZ (2). Genome-wide :usocullon (GWAS)
analysis of 36,000 patients identified 108 susceptibility loci for SCZ
(3). However, the identified associations likely account for only about
4% of the variance in SCZ. Thus, we should also seek to identify the
role of non-human genetic factors in the onset of SCZ.

The gastrointestinal (G} tract is a complex ecosystem contain-
ing alarge ber of dent microorg; (4). Recent evidence
suggests that the gut microbiota could modulate brain function and
behaviors via the "microbiota-gut-brain” (MGB) axis (5, 6). For ex-
ample, gut microbiota have been reported to be associated with al-
terations in anxiety (7), y (8). cog (9). and loc
activity (10). Our groups recently showed that modulation of gut
microbiota using the germ-free (GF) method or antibiotics could
result in depressive-like behaviors (12, 12). These findings highlight
the novel possibility that disturbances of gut microbiota or the MGB
axis may contribute to the onset of psychiatric disorders.
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(13). Epidemial | dies have shown that prenatal microbial in-
fection resulted in a 10- to 20-fold increased risk of developing SCZ
(14). In addition, SCZ is fr tly ¢ bid with GI disorders that
are characterized by allcnliom of gut microbial communities (15).
In | studies, gut microbiota are crucial in postnatal develop-
ment and maturation of neural, immune, and endocrine systems
(16), and these behavioral and physiological processes are frequently
impaired in patients with SCZ (17). These aforementioned studies
suggest that disturbance of the MGB axis may be associated with
development of SCZ.

To address this issue, a culture-independent, 168 rib I RNA
(165 rRNA) gene sequence-based approach was used to compare
the gut microbial communities of patients with SCZ and healthy
controls (HCs) to evaluate whether microbiotal dysbiosis was linked
with schizophrenic episodes or the severity of schizophrenic symp-
toms. Then, we transferred gut microbiota from patients with SCZ
into GF mice to test whether SCZ-relevant behavioral phenotypes
were transmissible via their gut microbiome. Last, to capture func-
tional readout of microbial activity, we performed comparative
metagenomic and metabolomic analyses of samples from the mice
harboring "SCZ microbiota” versus "HC microbiota™ to determine
the potential mechanist hways by which the disturbed gut micro-
blola may modulate hcm physiology and behavior.

RESULTS

Human studies

Clinical characteristics of recruited participants

A total of 63 patients with SCZ and 69 HCs were recruited for this study.
There were no significant differences in age, gender, or body mass
index between the two groups. All patients with SCZ were undergoing
some symptoms of this illness. The Positive and Negative Syndrome

Tefm

Here, we found that unmedicated
and medicated patients with SCZ
had a decreased microbiome
diversity index and marked
disturbances of gut microbial
composition versus healthy controls
(HCs)....Together, our findings
suggest that the SCZ microbiome
itself can alter neurochemistry
and neurologic function in ways
that may be relevant to SCZ
pathology.

6102 ‘6 Aenuged o 100 Beweousds SaoUBADE Y dNY WO PIPROUMOQ

39



DOL 10.1111/bdi. 12652

ORIGINAL ARTICLE

wicey NN

Adjunctive probiotic microorganisms to prevent
rehospitalization in patients with acute mania: A randomized

controlled trial

Faith Dickerson* " | Maria Adamos® | Emily Katsafanas® | Sunil Khushalani® |
Andrea Origoni* | Christina Savage! | Lucy Schweinfurth® | Cassie Stallings® |
Kevin Sweeney' | Joshana Goga' | Robert H Yolken?

1Seaniey Resesrch Program st Sheppard
Pratt, Sheppard Pratt Health System
Baktimore, MD, USA

“Staniey Dividon of Developmental
Neurowirology. Department of

Pediatrics, Johna Hopking University School
of Medidne, Baltimare, MD, USA

Correspondence

Faith B. Dickerson, Stanley Research
Program at Sheppard Pratt, Sheppard Pratt
Heaith System, Baltimore, MD, USA,

Emait fdickerson@sheppardpratt.ong

Funding information

Staniey Medical Research Institute, Grant/
Award Number: #11T-003

Registered on Clsicalirias. gov # NCTO1731171

Objective: Immunological abnormalities play a role in the pathophysiology of mania
and have been associated with relapse. Probiotic organisms such as Lactobacilli and
Bifidobacteria modulate inflammation in humans and animal models. The trial exam-
ined whether the administration of probiotic organisms prevents psychiatric rehospi-
talizations in patients recently discharged following hospitalization for mania.
Methods: Patients hospitalized for mania (N = 66) were randomized after discharge
to receive 24 weeks of adjunctive probiotics (Lactobacillus rhamnosus strain GG and
Bifidobacterium animalis subsp. loctis strain Bb12) or adjunctive placebo in a parallel
two-group design format. The effect of treatment group on the risk of rehospitaliza-
tion was calculated using Cox regression models. The modulating effect of systemic
inflammation was measured employing an inflammation score based on immunoglob-
ulin levels directed at previously defined antigens.

Results: During the 24-week observation period there were a total of 24 rehospitali-
zations in the 33 individuals who received placebo and eight rehospitalizations in the
33 individuals who received the probiotics (z = 2.63, P = .009). Hazard functions indi-
cated that the administration of the probiotics was associated with a significant ad-
vantage in time to all psychiatric rehospitalizations (hazard ratio [HR] = 0.26, 95%
confidence interval [C1] 0.10, .69: P = .007). Probiotic treatment also resulted in fewer
days rehospitalized (mean 8.3 vs 2.8 days for placebo and probiotic treatment, re-
spectively; z’ = 517, P = .017). The effect of the probiotic treatment on the preven-
tion of rehospitalization was increased in individuals with elevated levels of systemic
inflammation at baseline.

Conclusion: Probiotic supplementation is assoclated with a lower rate of rehospitali-
zation in patients who have been recently discharged following hospitalization for
mania.

KEYWORDS
immune, mania, probiotics, rehospitalization
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In conclusion, the adjunctive
administration of a probiotic
preparation containing defined
levels of Lactobacillus GG and
Bifidobacterium lactis strain
Bb12 resulted in a significant
reduction in the rate of
psychiatric rehospitalization in
individuals recently discharged
following hospitalization for
mania. The probiotic com-
pound was well tolerated and
had low levels of side effects.
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FIGURE 3 Cumulative hazard of rehospitalization for the total
study population by treatment group

Probiotic treatment also
resulted in fewer days
rehospitalized (mean 8.3 vs 2.8
days for placebo and probiotic
treatment, respectively; The
effect of the probiotic treatment
on the prevention of
rehospitalization was increased
in individuals with elevated
levels of systemic inflammation
at baseline.
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ABSTRACT: Lithium is a well-established therapeutic option for the
a.cuu and long-term mmasemml of bipolar disorder and major
i More based on findings from translational
nlcud\.luhmnhuahobctn ded as a P ctive agent
mdacuubd.uedmgfordnwnemo&ﬁobonmcmmwo«
ly, Alzheimer’s disease (AD), amyotrophic

lateral sdemu (ALS), and, mor! recently, Parkinson’s disease (PD).
The putative ncmopro!«lm effects of lithium rely on the fact lh:l it

dulat mwal static mechanisms involved in ph " ve tom el o
idaty ‘t"“ il md i h drial eMecty of behigm :—:p; “-.-" S
ﬁ.mmon. Sucha wu!e range of intracellular responses may be secondary S
to two key effects, that is, the inhibition of glycogen synthase kinase-3 -
beta (GSK-3f) and inositol monophosphatase (IMP) by lithium. In the
present review, we revisit the neurobiological properties of lithium in light of the nruhbl: evi of its phic and
neuroprotective properties, and discuss the rationale for its use in the tment and pr of deg: ive di

KEYWORDS: Lithium, newroprotection, GSK-3f3, autophagy, bipolar disorder, Alzhei

amyotrophic lateral sclerosis

s disease, Parki s disease,

ithium salts have long been used l.n psychiatry for the

treatment of severe mental disorders.’ Currently, the main
medical indications of lithium are for the acute and long-term
treatment of btpol.u duorder (BD) and for the adjunctive
treatment of major d , given its well-established mood
stabilizing propmlex More recenl]y there has been a growing
body of evid g that the biological benefits of
lithium may go beyond mood stabilization, In experumnu.l and
clinical models, lithium treatment has been associated with
neuroprotection, due to its effects on several mechanisms of
neuronal homeostasis involved in the activation of neurotrophic
responses, modulation of oxidative stress, inflammatory
cascades, up-regulation of mitochondsial function, and other
specific biological effects implicated in the pathogenesis of
neurodegenerative diseases nnd'| as A]xhﬂ.merl disease (AD)
and amyotrophic lateral sd (ALS).* This artidle aims to
review the mechanisms by which lithium may exert its
neuroprotective effects, and how these mechanisms may help
ddq the progrtssuon ofn:umbwloguc:l changes in mood and

m A 5. 4 Addi IL’ we Ad dle p 3

of lithium as a discase-modifying agent for certain neuro-

deg tive and d g conditions.

B NEUROBIOLOGICAL PROPERTIES OF LITHIUM
The pharmacological mechanisms of lithium are not completely
undenstood, but current evidence suggests the direct involve-

© 2014 Amences Chermicd Socety
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ment of classic pharmacological targets affecting neuro-
transmission and signal transduction. These include the
modulation of oeil surface rtcrptoﬂ. the release of second

and do molecules, and the
mbu-qucn! effect on the xtnnt)' ot’ important regulatory
systems, with an impact on the release of transcription factors
and gene crprtsnan‘ Monovalent lithium (1i") competes with
bivalent magnesium (Mg™) to the similar ionic radsi of these
cations (0.60 and 0.65 A respectively), rendering the ability of
lithium to bind to Mg'"substrate sites. Therefore, lithium cn
inhibit 2 wide range of enzymes that depend on Mg™* as a
cofactor.’® The competition between lithium and Mg™ on
these substrate sites has a significant influence on the activity of
several enzymes and therefore the release of their metabolic
products; in particular, glycogen synthase kinase-3 beta (GSK-
3f), inositol monophosphatase (IMP), and Ake/f-arrestin2
(Akt) are lmpoﬂm! lllhzwn targets. ['hcrrfore the modification

Il "
of these i P y

h enzymatic inhibition is

Special lsswe: Current Hypotheses of Lithium's Mechanism of Action
as a Neuropsychiatric Medication
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The putative neuroprotective effects of
lithium rely on the fact that it
modulates several homeostatic
mechanisms involved in neurotrophic
response, autophagy, oxidative stress,
inflammation, and mitochondrial
function. Such a wide range of
intracellular responses may be secondary
to two key effects, that is, the inhibition of
glycogen synthase kinase-3
beta (GSK-3B) and inositol
monophosphatase (IMP) by lithium.
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ABSTRACT: Lithium, a drug used to treat bipolar disorders, has a variety of
neuroprotective mechanisms, including autophagy regulation, in various
neuropsychiatric conditions. In neurodegenerative diseases, lithium enhances
degradation of aggregate-prone proteins, including mutated huntingtin,
phosphorylated tau, and a-synuclein, and causes damaged mitochondria to
degrade, while in a mouse model of cerebral ischemia and Alzheimer's disease
autophagy downregulation by lithium is observed. The signaling pathway of
lithium as an autophagy enhancer might be associated with the mammalian
target of rapamycin (mTOR)-independent pathway, which is involved in myo-

GSK3p

Lithium

‘€ IMPase )

Autophagolysosome

inositol-1,4,5-trisphosphate (IP;) in Huntington’s disease and Parkinson’s
disease. However, the mTOR-dependent pathway might be involved in inhibiting glycogen synthase kinase-3/ (GSK3/}) in other
diseases. Lithium's autophagy-enhancing property may contribute to the therapeutic benefit of patients with neuropsychiatric

disorders.

KEYWORDS: Lithium, autophagy, GSK3f, IMPase, Huntingtin, a-synuclein, taw, prion protein

ithium has been used dlinically to treat bipolar disorders

for over half a century, and various neuroprotective and
neurotrophic properties have been described.! To the best of
our knowledge, Sarkar et al. reported, for the first time, that
lithium induced autophagy to enhance the degradation of
mutant Huntingtin via the mTOR independent pathway in
nonneuronal and neural precursor cells.” Since then, several
papers have described lithium’s autophagy regulation in various
neuropsychiatric diseases such as Huntington’s disease (HD),
Alzheimer's disease (AD), Parkinson's disease (PD), prion
disease, and amyotrophic lateral sclerosis (ALS). However, the
signaling pathway to explain lithium’s autophagy regulation has
not been consistently described. Moreover, lithium did not
always positively regulate autophagy in all pathological
conditions. In a condition such as cerebral ischemia or AD,
lithium has been shown to negatively regulate autophagy. In
this review, we focus on lithium’s autophagy-enhancing
mechanism in various diseases,

I. THE BASICS OF AUTOPHAGY
I-1. Introducing Autophagy. Autophagy is the process of

“self-eating.” Under starvation conditions, bulk autophagy can
be induced to catabolize cellular substrates to generate energy.
There are three forms of autophagy: microautophagy, macro-
autophagy, and chaperone-mediated autophagy. The most
common and well understood is macroautophagy, hereafter
referred to simply as autophagy. For a more complete review of
autophagy, see ref 3. Autophagy consists of four stages:
initiation, elongation, maturation, and fusion (Figure 1). This
process is initiated by formation of a cup-shaped membrane
structure (the phagophore) in the cytoplasm. The phagophore
accumulates additional proteins, which enables the membrane
to elongate and form a double-membrane-bound structure
© 2014 American Chemical Society
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called an autophagosome. A portion of the cytoplasm is
enclosed in the autophagosome along with the cellular
components to be degraded. Autophagosomes are then
trafficked along microtubules to the perinuclear region of the
cell (where lysosomes are clustered) to enhance the probability
of autophagosome-lysosome fusion to form autophagolyso-
somes. After fusion with lysosomes, the protein and organelle
contents of the autophagosome are degraded by acidic
lysosomal hydrolases and recycled. Vacuolar H'ATPase (V-
ATPases) are proton pumps that reside within the lysosomal
membrane and enable acidification of the autolysosome
contents. This acidification is essential for the activation of
lysosomal enzymes, such as cathepsins or other acid hydrolases,
which are responsible for proteolysis of the components in the
autuphagulysoscme.4

Macroautophagy has physiological roles in both health and
disease. Upon nutrient deprivation, autophagy catabolizes
cytoplasmic components nonselectively into building blocks,
such as amino acids. Autophagy also occurs constitutively at
low levels even under nutrient-rich conditions and mediates
global turnover of cytoplasmic materials. Constitutive autoph-
agy acts as the quality-control machinery for cytoplasmic
components, and it is crucial for homeostasis of various
postmitotic cells, such as neurons. Although this quality control
could be partially achieved by nonselective autophagy,

Special Issue: Current Hypotheses of Lithium’s Mechanism of Action
as a Neuropsychiatric Medication
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Published: April 16, 2014
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“In neurodegenerative
diseases, lithium enhances
degradation of aggregate-prone
proteins, including mutated
Huntingtin,
phosphorylated tau, and ao-
synuclein, and causes
damaged mitochondria to
degrade, while in a mouse
model of cerebral ischemia and
Alzheimer's disease
autophagy downregulation by
lithium is observed.”
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Toxic & Essential Elements; Hair

RESULT REFERENCE PERCENTILE
ualg INTERVAL o 95"
Aluminum (Al) 29 < 7.0 [—
Antimony (Sb) 0.056 < 0.066 |[ee—
Arsenic (As) 0.035 < 0.080 fwwmms
Barium (Ba) 0.09 < 1.0 =
Beryllium (Be) < 0.01 < 0.020
Bismuth (Bi) 0.030 < 2.0 @
Cadmium (Cd) < 0.009 < 0.065 |
Lead (Pb) 0.08 < _0.80 =
Mercury (Hg) 0.89 < 0.80 _
Platinum (Pt) < 0.003 < 0.005
Thallium (T < 0.001 < 0.002
Thorium (Th) < 0.001 < 0.002
Uranium (V) 0.001 < 0.060 P
Nickel (Ni) 0.14 < 0.20 |ee——
Silver (Ag) 0.05 < 0.08
Tin (Sn) 0.03 < _0.30
Titanium (Ti) 0.44 < 0.60 |—————
Total Toxic Representation —
ESSENTIAL AND OTHER ELEMENTS
RESULT REFERENCE PERCENTILE
uglg INTERVAL 25" 16" [50"]  84™ o97.5"
Calcium (Ca) 259 200- 750 es—
Magnesium (Mg) 22 25- 75 CEE—
Sodium (Na) 8 20- 180 e I
Potassium (K) <3 9- 80
Copper (Cu) 11 11- 30 -
Zinc (Zn) 180 130- 200 -
Manganese (Mn) 0.10 0.08- 0.50
Chromium (Cr) 0.35 0.40- 0.70 | ~  ee-——————
Vanadium 0.018 0.018- 0.065

Moly!

bdenum

Selenium 2

Strontium (Sr) 0.15 0.30- 3.5 C—

Sulfur (S) 48400 44000- 50000 -—

Cobalt (Co) 0.030 0.004- 0.020 A —

Iron (Fe) 6.5 7.0- 16 eGEm——— .
Germanium (Ge) 0.031 0.030- 0.040 CE—

Rubidium (Rb) 0.005 0.011- 0.12 e s I
Zirconium (Zr) 0.27 0.020- 0.44 —
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Lithium treatment restored healthy numbers of dendritic
spines in mice engineered to carry a genetic mutation that is
more common in people with autism, schizophrenia, and
bipolar disorder than in unaffected people,

JEBEY Dweren
i MR

wild type mutant mutant treated

with lithium

Neurons of mice with a h?onprmed(t)u angm |>e Ibt’b}]{Leellpel? 1:31 Wh \L ‘!»E\r %5 (rnnte projections) than

unaffected mice (left) L\U lum treatment restored spines in the mutant mice (rwht)

effective: It blocks an enzyme called GSK-3 3, which is an

inhibitor on the Wnt pathway. By boosting Wnt signaling,
lithium could produce a therapeutic effect in psychiatric

diseases in which the Wnt pathway is underpowered.

NOTE: Wnt signaling pathways are a group of signal

transduction pathways
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Faecal transplant eases symptoms of Parkinson's

19 January 2011 by Anil Ananthaswamy
Magazine issue 2796. Subscribe and save
For similar stories, visit the Micro-organisms Topic Guide

Editorial: " Why we need to respect
bacterial culture”

Diabetes and even obesity, as well
as Parkinson's disease, might be
cured just by replacing the bacteria
in your gut

A FEW years ago, John Gillies had
trouble picking up his grandchild. He
would stand frozen, waiting for his

Parkinson's disease to relinquish its | Faecal transplants: strange cures (Image:

hold and allow him to move. Thenin | Artpartner-images/Getty)
May 2008, Gillies was given 1 more image
antibiotics to treat constipation, and

astonishingly his Parkinson's

symptoms abated. What on earth was going on?

Thomas Borody, a gastroenterologist at the Centre for Digestive Diseases in
New South Wales, Australia, put Gillies on antibiotics because he had found that
constipation can be caused by an infection of the colon. "He has now been seen
by two neurologists, who cannot detect classic Parkinson's disease symptoms
any more," says Borody.

Borody's observations, together with others, suggest that many conditions, from
Parkinson's to metabolic disorders such as obesity, might be caused by
undesirable changes in the microbes of the gut. If that is true, it might be possible
to alleviate symptoms with antibiotics, or even faecal transplants using donor
faeces to restore the bowel flora to a healthy state.

Borody has noticed that some of his
patients also see improvements in
symptoms of their other diseases,

including Parkinson's, multiple sclerosis

(MS), chronic fatigue syndrome (CFS)

and rheumatoid arthritis.
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Objective

Parkinson's disease (PD) may be caused by an enteric neurotropic pathogen entering the brain through the vagal nerve, a process that may take over 20 years. We
investigated the risk of PD in patients who underwent vagotomy and hypothesized that truncal vagotomy is associated with a protective effect, whereas superselective
vagotomy has a minor effect.

Methods
We constructed cohorts of all patients in Denmark who underwent vagotomy during 1977-1995 and a matched general population cohort by linking Danish registries. We
used Cox regression o compute hazard ratios (HRs) for PD and comresponding 95% confidence intervals (Cls), adjusting for potential confounders.
Results

Risk of PD was decreased in patients who underwent truncal (HR = 0.85; 95% CI = 0.56-1.27; follow-up of >20 years: HR = 0.58; 95% CI: 0.28-1.20) compared o
superselective vagotomy. Risk of PD was also decreased after truncal vagotomy when compared to the general population cohort (overall adjusted HR = 0.85; 95% Cl:
0.63-1.14; follow-up >20 years, adjusted HR = 0.53; 95% CI: 0.28-0.99). In patients who underwent superselective vagotomy, risk of PD was similar to the general
population (HR = 1.09; 95% CI: 0.84-1.43; follow-up of >20 years: HR = 1.16; 95% CI: 0.80-1.70). Statistical precision of risk estimates was imited. Results were
consistont after external adjustment for unmeasured confounding by smoking.

Interpretation
Full truncal vagotomy is associated with a decreased risk for subsequent PD, suggesting that the vagal nerve may be critically involved in the pathogenesis of PD. Ann
. _________________________________________________________________________________________________________________________________________________________________________________|]
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Neuron-Glial Interactions in Blood-Brain Barrier Formation
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Abstract

The blood brain barrier (BBB) evolved to preserve the microenvironment of the highly excitable
neuronal cells to allow for action potential generation and propagation. Intricate molecular
interactions between two main cell types, the neurons and the glial cells, form the underlying basis
of'the critical functioning of the nervous system across species. In invertebrates, interactions between
neurons and glial cells are central in establishing a functional BBB. However, in vertebrates, the
BBB formation and function is coordinated by interactions between neurons, glial cells, and
endothelial cells. Here we review the neuron-glial interaction—based blood barriers in invertebrates
and vertebrates and provide an evolutionary perspective as to how a glial-barrier system in
invertebrates evolved into an endothelial barrier system. We also summarize the clinical relevance
of the BBB as this protective barrier becomes disadvantageous in the pharmacological treatment of
various neurological disorders.

Keywords

septate junctions; tight junctions; endothelial cells; astrocytes; neurovascular unit; Drosophila

INTRODUCTION

Proper neuronal function necessitates a highly regulated extracellular environment, where the
concentrations of sodium, potassium, and calcium ions need to be maintained within very
narrow ranges. The central nervous system (CNS) is extremely sensitive to a wide range of
substances that are otherwise readily metabolized without causing harm to the peripheral organ
system. As a result, it is essential that the interface between the CNS and the peripheral
circulatory system functions as a dynamic regulator of ion balance, a facilitator of nutrient
transport, and a barrier to potentially harmful molecules (Hawkins & Davis 2005). Thus the
structural aspects of the cerebral microcirculation, historically referred to as the blood-brain
barrier (BBB), perform all these functions.

More than 100 years ago, Paul Ehrlich (1885) observed that certain pharmacologically active
molecules and dyes injected into the bloodstream rapidly diffused into most organs with the
exception of the CNS, composed of brain, spinal cord, and retina, because these were highly
impermeable to most small molecules. Ehrlich proposed that the CNS environment possessed
specialized properties that allow selective entry of only a small fraction of circulating factors.
These and related findings formed the concept of a BBB that functions as a barricade to block
blood-borne materials from entering the CNS microenvironment and also prevents
permeability in the outward direction such that chemicals released from the nerve cells do not
mix with blood (Goldmann 1913). Thus the concept of a vascular BBB, which also functions
as a brain-blood barrier, was born (Bradbury 1979). Researchers now accept that several blood-

" Neurobiological diseases
involving BBB breakdown and
dysfunction include stroke,
neoplasia, neurodegeneratve
diseases (e.g., Parkinson’s
disease, Alzheimer’s disease),
epilepsy, infections, or
inflammatory processes
[ meningitis, multiple sclerosis
(MS), HIV], trauma etc”
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Schematic of the neurovascular unit. (#) A cross-section through a brain capillary shows adjacent
endothelial cells connected by T]s that establish the BBB. The endothelial cell layer is surrounded by the
basal lamina that separates the endothelium from the pericytes, astrocytes, and neurons. () A
longitudinal section through a portion of a brain capillary reveals the presence of adjacent endothelial
cells connected by T]s. Pericytes are present within the basal lamina in close proximity to the endothelial
cells, whereas astrocytic endfeet are on the outer surface of the basal lamina. Microglia, nerve fibers, and
neuromuscular synapses are found in the perivascular space. Panel b has been modified with permission

from Abbott 2005; copyright 2005 by Springer Science and Business Media.



PATHOBIOLOGY IN FOCUS

Starring roles for astroglia in barrier pathologies
of gut and brain

Tor C Savidge', Michael V Sofroniew? and Michel Neunlist®**

The gastrointestinal tract is a highly innervated organ and enteric neuropathy is emerging as a central feature of a wide
range of gut diseases. Although most considerations of the enteric nervous system have focused on neuronal dys-

function, a large population of astrocyte-like glia populates gut muscle layers and the intestinal mucosa, and mounting
new evidence points toward enteric glia as active participants in gut pathology. Similarly, in the central nervous system
increasing evidence suggests that dysfunctions of astrocytes play central roles in disease mechanisms. On the basis of the
premise that gut-brain disease paradigms may exist, we explore the possibility that enteric glia constitute a previously
unrecognized disease target in pathologies associated with intestinal barrier dysfunction, notably inflammatory bowel

disease, necrotizing enterocolitis, irritable bowel syndrome, diabetes, autoimmune disease and neurotrophic virus

infection of the gut.

Laboratory Investigation (2007) 87, 731-736; doi:10.1038/labinvest.3700600; published online 2 July 2007

THE ENTERIC NERVOUS SYSTEM AND ITS KNOWN
DISEASES

Gastrointestinal tissues are innervated by a highly complex
and extensive component of the peripheral nervous system
known as the enteric nervous system (ENS).! Enteric neurons
control several aspects of gut function, including motility,
microvascular circulation, epithelial secretion of fluid, ions
and bioactive peptides and intestinal barrier function. In
addition to neurons, enteric glia represent an extensive
component population of the ENS and show morphologic
and functional similarities to CNS astrocytes.” Enteric glia
have long been suggested to provide trophic and cytopro-
tective functions toward enteric neurons, and likely are in-
volved in regulating neuronal activity as has been
demonstrated for astrocytes.

An emerging concept in gastroenterology is that a wide
range of diseases, for example motility disorders and in-
flammation, can be considered in part as enteric neuro-
pathies. Although it often remains elusive to determine
whether these neuropathies are the cause or effect of disease
activity, ENS alterations may at least in part be symptomatic.
Until recently, studies of enteric neuropathies have mainly

KEYWORDS: blood-brain barrier; astrocyte; enteric glia; intestinal permeability; inflammatory bowel disease; S-nitrosothiol

focused on characterizing altered neuropeptide expression
patterns and the involvement of enteric neurons' (Table 1).
Scarce, but increasing data suggest that enteric glia are also
major players in gut disease. Indeed, the main histopatho-
logic observations made by the group of Bassotti et al’ have
demonstrated that motor disorders of the gut, such as slow
transit constipation, diverticular disease and idiopathic
megacolon, are associated with enteric glial abnormalities.
Reinforcing these observations are in vivo animal experi-
ments in which alterations of glial cell function result in re-
duced intestinal motility and a slowing of gastric emptying.**

Increasing evidence also suggests that enteric glia play a
major role in gut pathologies associated with barrier dys-
function. Alterations in intestinal permeability are observed
in a wide range of diseases ranging from high-grade in-
flammatory pathologies such as inflammatory bowel disease,
celiac disease and enteric infection, to low-grade in-
flammatory diseases such as irritable bowel syndrome and
diabetes. Indeed, all of these diseases present an increase in
intestinal permeability that may be regarded as a contributing
event in the onset of pathology. Therefore, regulation of in-
testinal barrier function by its microenvironment, and in
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“Increased barrier dysfunction
is associated with a disruption
of tight junction associated
proteins expressed by BBB
and IEC and is likely regulated
by astroglial cell disruption,
for example, by autoimmune
reactions or neurotrophic virus
infection.”
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Figure 2 Gut-brain disease paradigm. Schematic illustration of astroglial regulation of barrier function in gut and CNS disease states. CNS morphology and
pathology following disruption of blood-brain barrier (BEB) function are shown on the left. Gut morphology and pathology following disruption of
intestinal epithelial cell (IEC) barrier function are shown on the right. Barrier dysfunction in both tissues is associated with an influx of
palymorpholeukocoytes, which contribute to disease activity. Increased barrier dysfunction is associated with a disruption of tight junction assocdiated
proteins expressed by BBB and IEC and is likely regulated by astroglial cell disruption, for example, by autoimmune reactions or neuratrophic virus infection.

“these findings provide evidence that astroglial-like cells in both brain and gut contribute
interchangeably to barrier functions, suggesting a previously unrecognized paradigm whereby

cellular interactions previously thought to be unique to the blood-brain barrier, also regulate gut
epithelial permeability.”
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Abstract

Background In order to improve injury assessment of brain
mjuries, protein markers of pathophysiological processes and
tissue fate have been introduced in the clinic. The most studied
protein “biomarker” of cerebral damage in traumatic brain
injury (TBI) is the protein SI00B. The aim of this narrative
review is to thoroughly analyze the properties and capabilities
of this biomarker with focus on clinical utility in the assess-
ment of patients suffering from TBI.

Results S100B has successfully been implemented in the clin-
ic regionally (1) to screen mild TBI patients evaluating the
need to perform a head computerized tomography, (2) to pre-
dict outcome in moderate-to-severe TBI patients, (3) to detect
secondary injury development in brain-injured patients and
(4) to evaluate treatment efficacy. The potential opportunities
and pitfalls of S100B in the different areas usually refer to its
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specificity and sensitivity to detect and assess intracranial
injury.

Conclusion Given some shortcomings that should be realized,
S100B can be used as a versatile screening, monitoring and
prediction tool in the management of TBI patients.

Keywords S100B - Traumatic brain injury - Outcome -
Monitoring - Screening - Biomarker - Serum - Humans

Introduction

Traumatic brain injury (TBI) is a common cause of death and
disability, primarily in the young but increasingly among the
elderly [153]. The injury panorama stretches from the severely
injured, unconscious patients in need of neuro-intensive care
to the more common mildly injured patients, sometimes with-
out any visual lesions. Many survivors, even from seemingly
mild injuries, may suffer from permanent disabilities and be in
need of long-term rehabilitation with high costs for society
[56].

TBI is a complex disease and may change symptomatology
over time [102]; it is heterogenic in nature and may contain a
plethora of different hemorrhagic and non-hemorrhagic in-
jures, both inside and outside the brain parenchyma. At ad-
mission to the hospital, the physicians often rely solely on a
neurological examination and a computerized tomography
(CT) scan, as other more advanced radiological options are
unavailable in the acute care setting and monitoring tools are
available only in specialized neuro-intensive care units
(NICUs). Consequently, the assessment methods are often
limited, and better surrogate markers of brain injury have been
sought to help the treating clinician. In many fields of medi-
cine, biological markers (“biomarkers”™) of injury have been
introduced. A biomarker is defined as “A characteristic that is

The most studied protein biomarker
of cerebral damage in traumatic
brain injury (TBI) is the protein

S100B.....Conclusion: Given some

shortcomings that should be
realized, S100B can be used as a
versatile screening, monitoring and
prediction tool in the management

of TBI patients.
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Serum S100B

Extracranial contribution

i Cerebral contribution

tial secondary injuries secondary peaks

0-2h 12-48h

Fig. 1 Schematic overview of S100B release to serum. Schematic
overview of the S100B release following severe TBL Initially, there
will be a great release of SI00B from extracranial tissue to the serum
(dotted, gray line), which will have a rapid wash-out the first hours after
injury. While the cerebral release is more prolonged and shaped as a

48h up to 2-3 weeks Time

gamma function, as suggested by Ercole et al. 2016 (black line), it will
initially be “masked” by these extracranial contributions. Our black line
illustrates an “uneventful” release of S100B in a patient suffering from
severe TBI; however, patients may suffer from subsequent injuries
resulting in “secondary peaks” of S100B (dashed, gray line)
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Patient monitored with serial S100B sampling
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Fig. 2 S100B monitoring of a TBI patient. The patient was monitored (bar), there is a secondary peak of S100B that correlates to the
with subsequent sampling of S100B (twice per day, y-axis pg/l of S100B development of a right temporal infarction as seen on computerized
and x-axis days after trauma) illustrating an initial decline the first days tomography (arrows)

following trauma approaching baseline levels. However, at day 16-18
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INTERPRETATION TABLE

ARRAY 7

ANTIGEN ASSOCIATED WITH TABLE REFERENCES
Ponomarenko et al. PNAS, 2006; 103(2):281-286.

Myelin Basic Protein » Demyelinating Diseases

* Autism Berger et al. N Engl J Med, 2003; 349:139-145.
* PANDAS / OCD Vojdani et al. J Int Med, 2003; 254:363-374.
Asialoganglioside * Chronic Inflammatory Baba et al. J Neuroimmunol. 1989; 25:143-150.
Demyelinating Bansal et al. J Clin Pathol. 1994; 14:300-302.
Polyneuropathy Jacobs et al. J Infect Disease. 1997; 175:729-733.
* Multiple Sclerosis Vojdani A. Latitudes. 6(2):1-6.

o Guillain Barré Syndrome
« PANDAS / ANDAS / OCD

* Demyelinating Diseases Kirvan et al. J Immunol, 2007; 178:7412-7421.

a + B Tubulin
¢ Early Onset Type 1 Diabetes Rousset et al, Clin Exp Immunol, 1983; 52:325-332.
| * Thyroid Disorders Rousset et al, Diabetologia, 1984; 27:427-432.
Cerebellar * Celiac Disease Vojdani et al. Nutr Neurosci, 2004; 7(3):151-161.
* Gluten Ataxia Balegno et al. Anticancer Res, 2005; 25:3211-3214.
Paraneoplastic Cerebellar Blaes et al. Ann Neurol, 2005; 58:313-317.
Degeneration Syndrome
Synapsin * Inhibited Neurotransmitter Release  Gitlits et al. J Invest Med, 2001; 49(3):276-283.
* Demyelinating Diseases Bustos et al. J Cell Sci, 2001; 114:3695-3704.

Bitsch et al. J Neurol, 2004; 251:1498-1501.

When to Order Array 7X
* To capture the earliest stage and later stages of the autoimmune process

* |IgM antibodies are the preferred biomarker for some neurological disorders:

multi-focal motor neuropathy

lower motor neuron syndromes

earlier development of relapses in multiple sclerosis and chronic inflammatory
demyelinating polyneuropathy
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The Central Role of BBB in Neuroautoimmunity

When the BBB is damaged it provides a gateway for environmental triggers to infiltrate the brain and
nervous system. Due to the similarity between some of these triggers and neurological tissues, neuro-
reactive antibodies can be formed. Neuronal autoantibodies contribute to the onset of neurological
diseases. Known cross-reactions between neurological tissues and environmental triggers include:

e Asialoganglioside
o Gliadin”'
o Campylobactor jejuni lipopolysaccharides™
o Streptococcal proteins™
e Cerebellar
o Gliadin*' *
o Milk butyrophilin™
e Myelin Basic Protein

o Gliadin”'
o Chlamydia pneumoniae™
o Herpes-6"'

25

o Streptococcal protein” *
e Myelin Oligodendrocyte Glycoprotein
o Milk butyrophilin™

e Synapsin
o Gliadin”'
e Tubulin

o Streptococcal protein™



Array 7X - Neurological Autoimmune Reactivity Screen - EQUIVOCAL* REFERENCE
Expanded (ELISA Index)
Myelin Basic Protein IgG + IgA 0.6-1.7
Myelin Basic Protein IgM 0.0-1.3
Asialoganglioside IgG+IgA 0.6-1.6
Asialoganglioside IgM 0.1-1.4
Alpha + Beta Tubulin IgG+IgA 0.0-2.7
Alpha + Beta Tubulin IgM 0.0-1.3
Cerebellar IgG+IgA 0.4-1.5
Cerebellar IgM 0.0-1.3
Synapsin IgG+IgA 0.0-21
Synapsin IgM 0.1-1.5
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Enhancing Expression of Nrf2-Driven Genes Protects the
Blood-Brain Barrier after Brain Injury

Jing Zhao, Anthony N. Moore, John B. Redell, and Pramod K. Dash
The Vivian L. Smith Center for Neurologic Research and Departments of Neurobiology and Anatomy, and Neurosurgery, The University of Texas Medical
School, Houston, Texas 77225

The integrity of the blood-brain barrier (BBB) is critical for normal brain function, and its compromise contributes to the pathophysi-
ology of a number of CNS diseases and injuries. Using a rodent model of brain injury, the present study examines the pathophysiology of
BBB disruption. Western blot and immunohistochemical analyses indicate that brain injury causes a loss of capillary endothelial cells and
tight junction proteins, two critical components of the BBB. Activation of the transcription factor NF-E2-related factor-2 (Nrf2) by
sulforaphane, a naturally occurring compound present in high levels in cruciferous vegetables, significantly increased the expres-
sion of endogenous cytoprotective genes in brain tissue and microvessels as indicated by real-time PCR analysis. Postinjury
administration of sulforaphane reduced the loss of endothelial cell markers and tight junction proteins and preserved BBB
function. These protective effects were dependent on the activity of Nrf2. Injured rats pretreated with decoy oligonucleotides
containing the binding site of Nrf2, and mice lacking the nrf2 gene, did not benefit from sulforaphane administration. These
findings indicate a potential therapeutic usefulness for Nrf2-activating molecules to improve the function of the neurovascular

unit after injury.

Key words: brain edema; endothelial cells; neurovascular unit; tight junction proteins; TBI; capillary

Introduction

The blood—brain barrier (BBB) is critical for the maintenance of
brain homeostasis and neural functions. BBB compromise con-
tributes to the pathological changes associated with a number of
neurological diseases, brain tumors, and CNS injury (Petty and
Lo, 2002; DeWitt and Prough, 2003; Oby and Janigro, 2006). Loss
of BBB integrity not only disrupts the function of the neurovas-
cular unit (an assembly of brain capillaries, extracellular matrix
of the basal lamina, neurons, astrocytes, oligodendrocytes, and
pericytes) but also initiates secondary pathological processes, in-
cluding infiltration of inflammatory cells and circulating fluid.
Cerebral edema, resulting in part from the accumulation of cir-
culating fluid, causes increased intracranial pressure leading to
decreased cerebral blood flow, tissue herniation, and poor out-
come (Fishman, 1975).

A layer of brain capillary endothelial cells and the contiguous
tight junctions between them are major components of the BBB.
Ultrastructural studies have shown that brain endothelial cells
have a paucity of fenestrae and endocytotic vesicles limiting the
transcellular entry of circulating molecules into the brain. In ad-
dition, the interconnection of brain capillary endothelial cells via
tight junction complexes severely restricts the paracellular entry
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This work

of molecules. Although the mechanism(s) contributing to brain
injury-induced BBB disruption has not been fully elucidated, it is
likely that multiple processes, including endothelial cell death,
tight junction breakdown, and decreased coupling between tight
junction proteins and the cytoskeleton, could contribute to
altered BBB permeability. Because multiple mechanisms may
underlie BBB disruption after brain injury, combination treat-
ments are likely to be more effective than single-target thera-
pies to improve BBB function. As an alternate to combination
treatments, a single agent that activates multiple cytoprotec-
tive mechanisms may also be suitable as a treatment option
(Lyeth et al., 1993).

The transcription factor Nrf2 (nuclear factor E2-related factor
2) binds to the antioxidant/electrophilic response element (ARE/
EpRE) and regulates the expression of multiple cytoprotective
proteins, including antioxidant and glutathione generating en-
zymes (Thimmulappa et al., 2002; Lee et al., 2003; Hu et al., 2004,
2006). Nrf2 is a rapidly turned-over protein that is normally se-
questered in the cytoplasm via an interaction with the actin-
binding protein Keapl (Kelch-like ECH associated protein 1).
Recent studies have demonstrated that Keap1 acts as a substrate
adaptor protein for Cul-3 (cullin-3)-dependent ubiquitination of
Nrf2, which leads to rapid Nrf2 degradation by the proteosome
system (McMahon et al., 2003; Zhang et al., 2004; Kobayashi and
Yamamoto, 2006). Cellular stressors reduce the proteosomal
degradation of Nrf2, resulting in its nuclear accumulation and
increased expression of Nrf2-driven genes (Pi et al., 2003; Zhang
and Hannink, 2003). In the present study, we demonstrate that
systemic administration of sulforaphane, an isothiocyanate
abundant in cruciferous vegetables (e.g., broccoli) but not en-

Activation of the transcription factor
NF-E2-related factor-2 (Nrf2) by
sulforaphane, a naturally occurring
compound present in high levels in
cruciferous vegetables, significantly
increased the expression of
endogenous cytoprotective genes in
brain tissue and microvessels as
indicated by real-time PCR analysis.
Post-injury administration of
sulforaphane reduced the loss of
endothelial cell markers and
tight junction proteins and
preserved BBB
function.
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Caffeine protects against disruptions of the blood-brain barrier in animal models
of Alzheimer's and Parkinson's diseases.

Chen X, Ghribi O, Geiger JD.

Department of Pharmacology, Physiology and Therapeutics, School of Medicine and Health Sciences, University of North Dakota, Grand Forks,
ND, USA.

Abstract

Sporadic Alzheimer's disease (AD) and Parkinson's disease (PD) are two of the most common neurodegenerative
diseases and as such they represent major public health problems. Finding effective treatments for AD and PD
represents an unmet and elusive goal largely because these diseases are chronic and progressive, and have a
complicated and ill-understood pathogenesis. Although the underlying mechanisms are not fully understood, caffeine,
the most commonly ingested psychoactive drug in the world, has been shown in human and animal studies to be
protective against AD and PD. One mechanism implicated in the pathogenesis of AD and PD is blood-brain barrier
(BBB) dysfunction and we reported recently that caffeine exerts protective effects against AD and PD at least in part by
keeping the BBB intact. The present review focuses on the role of BBB dysfunction in the pathogenesis of AD and PD,
caffeine's protective effects against AD and PD, and potential mechanisms whereby caffeine protects against BBB
leakage.
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Intestinal microbiota, probiotics and mental
health: from Metchnikoff to modern advances:
Part | — autointoxication revisited

Alison C Bested”, Alan C Logan”™ and Eva M Selhub®

E‘;.:_’. Gut Pathogens

REVIEW Open Access

Abstract

NMental health disorders, depression in particular, have been described as a global epidemic. Research suggests that
a varety of lifestyle and environmental changes may be driving at least some portion of the increased prevalence.
One area of flourishing research involves the relationship between the intestinal microbiota @as well as the related
functiona integrity of the gastrointestinal tract) and menta health. in order to appreciate the recent scientific gains
in this area, and its potential future directions, it is critical to review the history of the topic. Probiotic administration
(eg. Lactobacillug) and fecal micobiota trandfer for conditions associated with depression and anxiety is not a new

Lipopalysaccharide endotoxin, Diet, Intestina permeability

concept. Here, in the first of a 3-pant series we begin by reviewing the origins of the contemporary research,
providing a critical appraisal of what has become a revisionist history of the controversial term “autointoxication”.
We argue that legitimate interests in the gut-brain-microbiota connection were obscured for decades by its
assodation with a narrow historical legacy. Histoncal perspectives provide a very meaningful context to the current
state of the contemporary research as outlined in parts Il and L

Keywords: Intestinal microbiota, Autointaxication, Depression, Anxiety, Probiotics, Micobiad ecology,

Series introduction
The global mental health crisis and prevalence of de-
pression i increasingly being viewed, at least to some
degree, as a consequence of modernization. There are
numerous suspect candidates to explain what has been
described as an epidemic increase in mental health dis-
orders. These include, but are not limited to, sodo-
economic changes, urbanidty, alterations in dietary
habits, sedentary behavior, excessive screen-based infor-
mation consumption, lack of adequate sunlight, erosion
of real-word (off-line) sodal support, and an overall dis-
connect from nature [1-3]. Researchers are beginning to
explore the ways in which these and other factors may
combine to influence mental health in contemporary
society.

One area of flourishing research involves the neuro-
psychological consequences of alterations to gut micro-
biota (formerly referred to as “floa™ or “microflora”) in

* Comespondenae: xind@e&émog
“CAMNR, 775 Bizhochie Avenue, Sute 364, MII Valley, CA 9431, LBA
Ful st of anhor nformation is avalable atthe end of the ysde

conjunction with modern stressors, and an urbanized,
Western lifestyle [4]. Almost a decade has passed since
members of our group broke a 70-year-old scientific
taboo by constructing a framework indicating that
probiotics might play a beneficial role in conditions of
human fatigue and depressive disorders [56]. Broadly
speaking, ours was certainly not a new theory; it was, ra-
ther, a scientifically refined revival of select assertions
that had been made a century prior. At our time of re-
vival in the early 2000s, the contention that the intes-
tinal microbiota and the microbial-influenced integrity
of the intestinal lining are of relevance to mental health
disorders was, if it were to be suggested at all a notion
of nostalgia Suggesting that intentional microbial ma-
nipulation could paositively influence mental health, at
least within sdentific writing, was inevitably linked to
the early 20" century, to a time when some within
medicine had veered off a mtional course in a relatively
short-lived obsession with so-called “autointoxication’
and ‘intestinal toxemia’ [7-11]. During this period the
colon was viewed as the central rmad to a limitless array

Probiotic administration
(e.g. Lactobacillus) and fecal microbiota
transfer for conditions associated with
depression and anxiety is not a new
concept. Here, in the first of a 3-part
series, we begin by reviewing the origins
of the contemporary research, providing
a critical appraisal of what has become a
revisionist history of the controversial
term ‘ autointoxication’ .
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COLON IRRIGATION IN THE TREATMENT OF
MENTAL DISEASE*
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and surgieal problems.

The first use of the enema dates b
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Dodkin® {1921) recommends this procedure
and gives a technique which does not vary much
from that used at the present time. Zobel* (1921)
notes its efficacy in certain surgical cases, and
advises cantion in the technique. Schellberg*
(1923) writes comprehensively of the technique
of performing the procedure. Blackman®
(1925) insists that the eolon becomes engorged
by neglect and emphasizes the necessity of keep-
ing it clean by the use of irrigation. Shame’
(1926) eoncludes that many wﬁh with
chronie consti are relieved by the use of
colonie on when medical treatment has
failed. Sunyder and Fineman® (1927) nots ben.
efieial results in arthritis, and rub'hsh A series
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views, They eredit Dr. Lockwood of New York
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the detoxiesting effest of this organ is sufficeat
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states, certain forms of chronie nephritis and o>
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writes of the benefits to be derived from thi
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Reduced diversity and altered composition @
of the gut microbiome in individuals with
myalgic encephalomyelitis/chronic fatigue

syndrome

Ludovic Giloteaux', Julia K. Goodrich'2, William A. Walters'?, Susan M. Levine?, Ruth E. Ley'?

and Maureen R. Hanson'"

Abstract

Background: Gastrointestinal disturbances are among symptoms commonly reported by individuals diagnosed

with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). However, whether ME/CFS is associated with
an altered microbiome has remained uncertain. Here, we profiled gut microbial diversity by sequencing 165 ribosomal
ribonucleic acid (rRNA) genes from stool as well as inflammatory markers from serum for cases (n = 48) and controls
(n=39). We also examined a set of inflammatory markers in blood: C-reactive protein (CRP), intestinal fatty acid-binding
protein (I-FABP), lipopolysaccharide (LPS), LPS-binding protein (LBP), and soluble CD14 (sCD14).

Results: We observed elevated levels of some blood markers for microbial translocation in ME/CFS patients; levels of
LPS, LBP, and sCD14 were elevated in ME/CFS subjects. Levels of LBP correlated with LPS and sCD14 and LPS levels
correlated with sCD14. Through deep sequencing of bacterial rRNA markers, we identified differences between the gut
microbiomes of healthy individuals and patients with ME/CFS. We observed that bacterial diversity was decreased in
the ME/CFS specimens compared to controls, in particular, a reduction in the relative abundance and diversity of
members belonging to the Firmicutes phylum. In the patient cohort, we find less diversity as well as increases in
specific species often reported to be pro-inflammatory species and reduction in species frequently described as
anti-inflammatory. Using @ machine learning approach trained on the data obtained from 165 rRNA and inflammatory
markers, individuals were classified correctly as ME/CFS with a cross-validation accuracy of 8293 %.

Conclusions: Our results indicate dysbiosis of the gut microbiota in this disease and further suggest an increased
incidence of microbial translocation, which may play a role in inflammatory symptoms in ME/CFS.

Keywords: Myalgic encephalomyelitis, Chronic fatigue syndrome, Inflammation, Lipopolysaccharides, Microbiome,

Microbial translocation, Beta-diversity

Background

Myalgic encephalomyelitis (ME), also known as chronic
fatigue syndrome (CFS), or ME/CFS, is a debilitating
illness of unknown etiology with no widely accepted
therapy. Primary symptoms reported by patients are fa-
tigue, muscle and/or joint paint, sore throat, headaches,
unrefreshing sleep, and post-exertional malaise and

* Commespondence: mrhs@comedledu

Depantment of Moiecular Biology and Genetics, Cornell University, ithaca,
NY, USA
Full list of author information is available at the end of the article

have been the basis of the widely used Fukuda diagnostic
criteria [1). Many ME/CFS patients also report gastro-
intestinal (GI) symptoms, including but not limited to
irritable bowel syndrome (IBS) [2-6]. Intestinal discomfort
is also indicated in a survey of drug use by individuals with
CFS compared to controls, which found significantly more
use of antacids, H2 blockers, and proton pump inhibitors
in the ME/CFS cohort (7).

The prevalence of bowel symptoms has led to attempts
to treat the disease by probiotic oral or rectal supplements.
Borody et al. [8] reported improvements in a majority of

= © 2016 The Author(s). Open Access This articie is distrbuted under the terms of the Creative Commons Aztrbution 40
( Blom Central International License (httpy/creativecommons.ong/icenses/oy/40/), which permits unvestricted use, distribution, and
reproduction in any medium, provided you give appropriate cred't to the original author(s) and the source, provide a ink 10
the Creative Commons license, 3nd indicate ¥ changes were made. The Creative Commons Public Domain Dedication waiver
(netp//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Conclusions: Our results indicate
dysbiosis of the gut microbiota in
this disease and further suggest an
increased incidence of microbial
translocation, which may play a role
in inflammatory symptoms in
ME/CFS.
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APOE genotype-specific differences in the innate immune response.

Vitek MP, Brown CM, Colton CA.
Duke University Medical Center, Durham, NC 27710, USA. mikevitek@cognosci.com

Abstract

Apolipoprotein-E protein is an endogenous immunomodulatory agent that affects both the innate and the adaptive
immune responses. Since individuals with the APOE4 gene demonstrate worsened pathology and poorer outcomes in
many neurological disorders, we examined isoform-specific differences in the response of microglia, the primary cellular
component of the brain's innate immune response, in detail. Our data demonstrate that microglia derived from APOE4/4
targeted replacement mice demonstrate a pro-inflammatory phenotype that includes altered cell morphology, increased
NO production associated with increased NOS2 mRNA levels, and higher pro-inflammatory cytokine production
(TNFalpha, IL-6, IL12p40) compared to microglia derived from APOE3/3 targeted replacement mice. The effect is gene
dose-dependent and increases with the number of APOE4 gene alleles. The APOE genotype-specific immune profile
observed in the microglial immune response is also observed in the cortex of aged APOE3/3 and APOE4/4 mice treated
with lipopolysacchride (LPS) and in peripheral (peritoneal) macrophages. To determine if APOE4's action resulted from
an isoform-specific difference in effective levels of the apolipoproteins, we generated mice expressing only a single allele
of APOES. Immune-stimulated macrophages from APOE3/0 mice demonstrated an increased inflammatory response
compared to APOE3/3 mice, but less than in APOE4/4 mice. These data suggest that inhibition of inflammation depends
upon the dose of apoE3 protein available and that apoE4 protein may alter inflammation partly by dose effects and partly
by being qualitatively different than apoE3. Overall, these data emphasize the important role of apolipoprotein E and of
the APOE genotype on the immune responses that are evident in most, if not all, neurological disease.



“Our data demonstrate that microglia
derived from APOE4/4 targeted replacement
mice demonstrate a pro-inflammatory
phenotype that includes altered cell
morphology, increased NO production
associated with increased NOS2 mRNA levels,
and higher pro-inflammatory cytokine
production (TNF alpha, IL-6, IL) compared to
microglia derived from APOE3/3 targeted
replacement mice.”
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Emerging roles of pathogens in Alzheimer disease.

Miklossy J.
International Alzheimer Research Centre, Prevention Alzheimer Foundation, Martigny-Combe, Switzerland. judithmiklossy@bluewin.ch

Abstract

Chronic spirochetal infection can cause slowly progressive dementia, cortical atrophy and amyloid deposition in the
atrophic form of general paresis. There is a significant association between Alzheimer disease (AD) and various types of
spirochete (including the periodontal pathogen Treponemas and Borrelia burgdorferi), and other pathogens such as
Chlamydophyla pneumoniae and herpes simplex virus type-1 (HSV-1). Exposure of mammalian neuronal and glial cells
and organotypic cultures to spirochetes reproduces the biological and pathological hallmarks of AD. Senile-plaque-like
beta amyloid (AB) deposits are also observed in mice following inhalation of C. pneumoniae in vivo, and A accumulation
and phosphorylation of tau is induced in neurons by HSV-1 in vitro and in vivo. Specific bacterial ligands, and bacterial
and viral DNA and RNA all increase the expression of proinflammatory molecules, which activates the innate and
adaptive immune systems. Evasion of pathogens from destruction by the host immune reactions leads to persistent
infection, chronic inflammation, neuronal destruction and AR deposition. AB has been shown to be a pore-forming
antimicrobial peptide, indicating that AR accumulation might be a response to infection. Global attention and action is
needed to support this emerging field of research because dementia might be prevented by combined antibiotic, antiviral
and anti-inflammatory therapy.

There is a significant association between
Alzheimer disease (AD) and various types of
spirochete (including the periodontal pathogen
Treponemas and Borrelia burgdorferi), and
other pathogens such as Chlamydophyla
pneumoniae and herpes simplex virus type-1
(HSV-1)
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Abstract: Background:Metagenomic data support an association between certain bacterial
strains and Alzheimer's disease (AD), but their functional dynamics remain elusive. Objective:To
investigate the association between amyloid pathology, bacterial products such as
lipopolysaccharide (LPS) and short chain fatty acids (SCFAs: acetate, valerate, butyrate),
inflammatory mediators, and markers of endothelial dysfunction in AD. Methods:Eighty-nine
older persons with cognitive performance from normal to dementia underwent florbetapir
amyloid PET and blood collection. Brain amyloidosis was measured with standardized uptake
value ratio versus cerebellum. Blood levels of LPS were measured by ELISA, SCFAs by mass
spectrometry, cytokines by using real-time PCR, and biomarkers of endothelial dysfunction by
flow cytometry. We investigated the association between the variables listed above with
Spearman’s rank test. Results:Amyloid SUVR uptake was positively associated with blood LPS
(rho20.32, p£0.006), acetate and valerate (rho20.45, p<0.001), pro-inflammatory cytokines
(rho20.25, p£0.012), and biomarkers of endothelial dysfunction (rho20.25, p<0.042). In contrast,
it was negatively correlated with butyrate (rho$-0.42, p<0.020) and the anti-inflammatory
cytokine IL10 (rho<-0.26, p£0.009). Endothelial dysfunction was positively associated with pro-
inflammatory cytokines, acetate and valerate (rho20.25, p<0.045) and negatively with butyrate
and IL10 levels (rho€-0.25, p<0.038). Conclusion:We report a novel association between gut
microbiota-related products and systemic inflammation with brain amyloidosis via endothelial
dysfunction, suggesting that SCFAs and LPS represent candidate pathophysiologic links
between the gut microbiota and AD pathology.

Keywords: Brain amyloidosis, inflammation, lipopolysaccharide, microbiota, short chain fatty
acids
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"We have already shown that the gut
microbiota composition in patients with
Alzheimer's disease was altered,
compared to people who do not suffer
from such disorders," he explains. "Their
microbiota has indeed a reduced
microbial diversity, with an over-
representation of certain bacteria and a
strong decrease in other microbes.
Furthermore, we have also discovered
an association between an
inflammatory phenomenon detected in
the blood, certain intestinal bacteria
and Alzheimer's disease; hence the
hypothesis that we wanted to test
here: could inflammation in the blood
be a mediator between the microbiota
and the brain?"






Okamoto et al. Behavioral and Brain Functions 2010, 6:77
http://www.behavioralandbrainfunctions.com/content/6/1/77

BRF BEHAVIORALAND
BRAIN FUNCTIONS

RESEARCH Open Access

Relationship of tooth loss to mild memory
impairment and cognitive impairment: findings
from the fujiwara-kyo study

Nozomi Okamoto'”, Masayuki Morikawa®?, Kensuke Okamoto™®, Noboru Habu', Junko lwamoto®, Kimiko Tomioka',
Keigo Saeki', Motokazu Yanagi7, Nobuko Amano’, Norio Kurumatani'

Abstract

Background: This cross-sectional study investigated the relationship between the number of remaining teeth to
mild memory impairment (MMI), which is a preclinical stage of dementia, and to cognitive impairment.

Methods: The subjects were aged 65 years or older and were grouped according to their score for the Mini-
Mental State Examination (MMSE), the three-word delayed recall test in the MMSE, and the Geriatric Depression
Scale into the control group (n = 3,696), the MMI group (n = 121), and the low MMSE score (23 or lower) group
(n = 214). We collected data on the number of remaining teeth, the length of the edentulous period, health-
related lifestyle, medical history, blood pressure, height, and body weight. Fasting venous blood samples were also
obtained.

Results: Multiple logistic regression analysis, adjusted for depressive symptoms, age, sex, length of education, and
other explanatory variables, revealed that the odds ratios of 0-10 remaining teeth to 22-32 remaining teeth were
1.679 (95% Cl 1.073-2.627) for MMI and 2.177 (95% Cl 1.510-3.140) for a low MMSE score. A significant relationship
was also found between the length of the edentulous period and the risk of a low MMSE score (odds ratio 3.102,
95% Cl 1.432-6.720) (15 years or more/less than 15 years).

Conclusions: Our findings suggest that tooth loss is associated with cognitive function.

Background

Tooth loss, one of the indicators of periodontal disease
[1,2], has been reported to be associated with Alzhei-
mer’s disease (AD) and dementia [3,4]. Individuals with
clinical dementia have an increased deterioration of
their dental health [5], and tooth loss may induce nutri-
tional deficits [6]. Reductions in the number of pyrami-
dal cells [7] and acetylcholine levels [8] in the
hippocampus due to the decrease of masticatory func-
tion caused by molar loss have been found in animal
models. Furthermore, it has been hypothesized [9] that
periodontal disease-derived inflammatory molecules,
bacteria, and bacterial products enhance brain inflam-
mation [10,11].

* Correspondence: onozomi@naramed-u.ac,jp

'Department of Community Health and Epidemiology, Nara Medical
University, Japan

Full list of author information is available at the end of the article

( BiolMed Central

Among individuals with mild memory impairment
(MMI), 21.2% progressed to illnesses with dementia,
including AD (10.6%), vascular dementia (4.8%), or
other types of dementia (5.8%), over a period of 5 years
[12]; therefore, they represent a high-risk population for
dementia. MMI was defined as [13]: (1) no impairment
of the activities of daily living (ADL); (2) normal general
cognitive function, as determined by a Mini-Mental
State Examination (MMSE) score > 24 [14]; (3) objective
memory impairment, assessed by the MMSE three-word
delayed recall test (Recall test) (low score: 1 or 0); and
(4) absence of dementia or depression, diagnosed by
geriatric neuropsychiatrists according to the Diagnostic
and Statistical Manual of Mental Disorders, 3™ edn.,
revised (DSM-III R) criteria [15].

We hypothesized that tooth loss may also be asso-
ciated with the preclinical stage of AD and dementia.
To investigate our hypothesis in a community-based

© 2010 Okamoto et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpz//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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TNF-a and antibodies to periodontal bacteria discriminate
between Alzheimer’s disease patients and normal subjects

Angela R. Kamer2, Ronald G. Craiga'b, Elizabeth Pirragliad, Ananda P. Dasanayake®, Robert
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Abstract

The associations of inflammation/immune responses with clinical presentations of Alzheimer’s
disease (AD) remain unclear. We hypothesized that TNF-a and elevated antibodies to periodontal
bacteria would be greater in AD compared to normal controls (NL) and their combination would aid
clinical diagnosis of AD. Plasma TNF-a and antibodies against periodontal bacteria were elevated
in AD patients compared with NL and independently associated with AD. The number of positive
IgG to periodontal bacteria incremented the TNF-a classification of clinical AD and NL. This study
shows that TNF-a and elevated numbers of antibodies against periodontal bacteria associate with
AD and contribute to the AD diagnosis.

Keywords

periodontal antibodies; Alzheimer’s disease; TNF-a; inflammation; diagnosis; biomarkers

1. Introduction
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States, 4.5 million people have been diagnosed with AD and this number will undoubtedly
increase as the population ages and the life-span increases. The specific factors involved in the
etiology and pathogenesis of AD have not been completely characterized although

Consistent with these
findings, our study showed that
AD subjects are more likely to
have infections with
periodontal bacteria than NL
controls suggesting that perhaps
periodontal bacterial infection
may be linked
to the pathogenesis of AD
(Kamer et al., 2008b).
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Abstract

underlying Alzheimer's disease and

related forms of dementia, and suggest

Background: Recent clinical studies point to rapid and sustained clinical, cognitive, and behavioral the EXiS tence Of no VEI, rapidly re VerSibIe,

improvement in both Alzheimer's disease and primary progressive aphasia following weekly
perispinal administration of etanercept, a TNF-alpha inhibitor that acts by blocking the binding of
this cytokine to its receptors. This outcome is concordant with recent basic science studies
suggesting that TNF-alpha functions in vivo as a gliotransmitter that regulates synaptic function in

TNF-mediated pathophysiologic

the brain. We hypothesized that perispinal etanercept had the potential to improve verbal function meCh anisms in AIZheimer 's disease W h i C h

in Alzheimer's disease, so we included several standarized measures of verbal ability to evaluate
language skills in a clinical trial of perispinal etanercept for Alzheimer's disease.

Methods: This was a prospective, single-center, open-label, pilot study, in which 12 patients with
mild-to-severe Alzheimer's disease were administered etanercept, 25-50 mg, weekly by perispinal
administration for six months. Two additional case studies are presented.

Results: Two-tailed, paired t-tests were conducted comparing baseline performance to 6-month
performance on all neuropsychological measures. Test batteries included the California Verbal
Learning Test-Second Edition, Adult Version; Logical Memory | and II(WMS-LM-Il) from the
Wechsler Memory Scale-Abbreviated; the Comprehensive Trail Making Test (TMT); Boston
Naming Test; and letter(FAS) and category verbal fluency. All measures revealed a significant effect
except for the Boston Naming Test and the TMT-4, with WMS-LM-II being marginally significant at
p = .05. The FAS test for letter fluency was most highly significant with a p < 0.0007. In addition,
rapid improvement in verbal fluency and aphasia in two patients with dementia, beginning minutes
after perispinal etanercept administration, is documented.

Conclusion: In combination with the previously reported results of perispinal etanercept in
Alzheimer's disease and primary progressive aphasia, these results further argue that larger scale
studies of this therapeutic intervention, including Phase 3 trials, are warranted in dementias. In
addition, these results may provide insight into the basic pathophysiologic mechanisms underlying
Alzheimer's disease and related forms of dementia, and suggest the existence of novel, rapidly
reversible, TNF-mediated pathophysiologic mechanisms in Alzheimer's disease which are worthy
of further investigation.

are worthy of further investigation.”



MYPERIOPROGRESS

COMPARISON OF RESULTS
Sample, Report Previous Test
Date Of Birth: 09/20/1980 (37 yrs) Specimen#: 5033032170
Gender: Female Accession#: 201807-12481
Patient Id: 789 Specimen: Oral Rinse(P)
Patient Location: Test Location A Collected: 05/17/2018

COMPARISON OF TEST RESULTS

MyPerioPath - Previous Result

} OrRALDNA LaBs

(:\ Innovations in Salivary Diagnostics

Current Test
Specimen#: 5110000014
Accession#: 201807-12514
Specimen: Oral Rinse(P)
Collected: 07/23/2018

High Risk Pathogens Moderate Risk Pathogens

B O B 0 O
MyPerioPath - Current Result

High Risk Pathogens

[~ N - I B @ O

Summary of Results

Total Bacterial Load J Since patient's last test on 05/17/2018:

* Congratulations, since the last test submitted 2 months 6

o days ago, the clinical management of this patient has
0O achieved a 46% reduction in periodontal pathogen

(burden) load.

Reduction * The results show a reduction of the red (u, [~ | ﬂ) ;

orange (ﬂ. [ # m) and green (B. ﬂ) complex

pathogens.

* These current results are likely associated with a decrease in both oral and

systemic inflammation. Consequences of high pathogenic bacteria present for

years and decades add significantly to the risk of life threatening diseases beyond
the mouth.

* For most treatment protocols, the maximal reduction in pathogen (burden) load is
observed when follow-up testing is performed between 6-12 weeks. This sample
was collected at 9 weeks 4 days from the previous test.

Low Risk Pathogens

Clinical Comparison o:;f;i/g;fa 0%"5;;32 8
Total # Bacteria Present 8 7
Total # Bacteria Above Threshold 6 0
Deepest Pocket 5 5
Localized Infection O O
Generalized Infection
Inflammation/Redness M O
Bleeding on Probing O O
Bone Loss ﬁ [:]_
Discharge O O
Halitosis/Malodor O O

A follow-up test is recommended to monitor the effectiveness of current treatments and to determine the type and frequency of future care.
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Clinical Considerations

Reason for Testing Medical Histor

Not Provided Not Provided E Periodontal Classification: Not Provided Not Provided

7] Tooth Numbers |
Pocket Depths(mm)| | | | | | |

Systemic Effects of Oral Pathogens

Treponema denticola E’ Eubacterium nodatum

Prevotella intermedia I'/' . Campylobacter rectus
Aggregatibacter actinomycetemcomitans [ 4 Tannerella forsythia
o | L
Capnocytophaga
Peptostreptococcus
Eikenella corrodens [El @ P P
Fusobacterium nucleatum/periodontium Porphyromonas gingivalis
Joint and
Cancer Cardiovascular Health  Musculoskeletal Dementia and Metabolic Health Healthy Pregnancy
Brain Health
Health
Chronic gum disease, Select bacteria such as The periodontal Recent Obesity, lack of exercise  Bacteria associated
involving H, m. . III. ﬂ. m. ﬂ. H. n. & [ bacteria m, B: 3 medical and chronic gum with gum disease,
& [ is a risk factor for the  can leak from blood are a cause of studies pointto disease involving the especially [, &, B,
development of certain vessels inthe gums and  arthritis. The oral poor oral bacteria B, B, B, B, [ and B, are
cancers including ones travel to the heart, where  inflammation caused  health, and & [ cause chronic known to put a
involving the pancreas, cholesterol and other by these bacteria also  high levels of  inflammation. pregnancy at risk for
esophagus, colon, lungs,  lipids deposit. These leads to total body the bacteria Inflammation can pre-term birth,
and the head and neck. bacteria can incite inflammation which, BE&n damage the pancreas decreased birth weight
Additionally, untreated inflammation in arteries, ~ combined with our gums, where insulin is and even blood
gum disease is a cause of and if occluded, causea  changes in a person's increasing the  produced, possibly infection in the
ongoing inflammation, heart attack. A goal of immunity, may result  risk of leading to diabetes. placenta or newbormn.
which may promote the treatment is to minimize  in chronic joint developing Also, diabetes worsens  Every pregnant
advancing growth of the levels of these diseases like dementias oral health by increasing woman should be
tumors. bacteria as much and as  rheumatoid arthritis. such as the level of harmful tested for these
long as possible. Alzheimer's. bacteria in the gums. harmful bacteria.

Methodology: Genomic DNA is extracted from the submitted sample and tested for 10 species-specific bacteria [Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas
gingivalis, Tf: Tannerella forsythia, Td: Treponema denticola, En: Eubacterium nodatum, Fn: Fusobacterium nudeatum/periodontium, Pi: Prevotella intermedia, Cr: Campylobacter rectus,
Pm: Peptostreptococcus (Micromonas) micros, Ec: Eikenella corrodens] and 1 genus of bacteria [Cs: Capnocytophaga species (gingavalis, ochracea, sputigena)] known to cause
periodontal disease. The bacteria are assayed by real-time quantitative polymerase chain reaction (QPCR). Bacterial levels are reported in log 10 copies per mL of sample (e.g. 1x103 =
1000 bacteria copies per mL of collection). Cross-reactivity is possible with Leptotrichia buccalis, Fusobacterium hwasooki, Capnocytophaga granulosa and Capnocytophaga leadbetteri
This test was developed, and its performance characteristics determined by OralDNA Labs pursuant to CLIA requirements. This test has not been cleared or approved by the U.S. Food

and Drug Administration. The FDA has determined that such clearance or approval is not necessary.
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Porphyromonas gingivalis in Alzheimer’s disease brains:
Evidence for disease causation and treatment with
small-molecule inhibitors

Stephen S. Dominy'*!, Casey Lynch'*, Florian Ermini', Malgorzata Benedyk®*, Agata Marczyk?,
Andrei Konradi', Mai Nguyen', Ursula Haditsch', Debasish Raha', Christina Griffin',

Leslie J. Holsinger’, Shirin Arastu-Kapur', Samer Kaba', Alexander Lee', Mark I. Ryder®,
Barbara Potempa®, Piotr Mydel®5, Annelie Hellvard®S, Karina Adamowicz?, Hatice Hasturk”®,

Glenn D. Walker?, Eric C. Reynolds®, Richard L. M. Faull'®, Maurice A. Curtis'"'?,
Mike Dragunow'"'?, Jan Potempa?**

Porphyromonas gingivalis, the keystone pathogen in chronic periodontitis, was identified in the brain of Alzheimer’s
disease patients, Toxic proteases from the bacterium called gingipains were also identified in the brain of Alzheimer’s
patients, and levels correlated with tau and ubiquitin pathology. Oral P. gingivalis infection in mice resulted in
brain colonization and increased production of Af}y_4;, a component of amyloid plaques. Further, gingipains were
neurotoxic in vivo and in vitro, exerting detrimental effects on tau, a protein needed for normal neuronal func-
tion. To block this neurotoxicity, we designed and synthesized small-molecule inhibitors targeting gingipains.
Gingipain inhibition reduced the bacterial load of an established P. gingivalis brain infection, blocked Ap,_4; pro-
duction, reduced neuroinflammation, and rescued neurons in the hippocampus. These data suggest that gin-
gipain inhibitors could be valuable for treating P. gingivalis brain colonization and neurodegeneration in

Copyright © 2019
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for the Advancement
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Works. Distributed
under a Creative
Commons Attribution
License 4.0 (CCBY).

Alzheimer's disease.

INTRODUCTION

Alzheimer's disease (AD) patients exhibit neuroinflammation con-
sistent with infection, including microglial activation, inflammasome
activation, complement activation, and altered cytokine profiles
(1, 2). Infectious agents have been found in the brain and postulated
to be involved with AD, but robust evidence of causation has not
been established (3). The recent characterization of amyloid-p (Ap)
as an antimicrobial peptide has renewed interest in identifying a
possible infectious cause of AD (4-6).

Chronic periodontitis (CP) and infection with Porphyromonas
gingivalis—a keystone pathogen in the development of CP (7)—
have been identified as significant risk factors for developing Ap
plaques, dementia, and AD (8-12). A prospective observational
study of AD patients with active CP reported a notable decline in
cognition (Alzheimer’s Disease Assessment Scale—Cognitive and
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Mini Mental State Examination scales) over a 6-month period com-
pared to AD patients without active CP, raising questions about
possible mechanisms underlying these findings (13). In Apoe™" mice,
oral infection with P. gingivalis, but not with two other oral bacteria,
results in brain infection and activation of the complement pathway
(14). In transgenic mice overexpressing mutated human amyloid
precursor protein (hAPP-J20), oral infection with P. gingivalis
impairs cognitive function, increases the deposition of AD-like
plaques, and results in alveolar bone loss compared to control
hAPP-J20 mice (15). P. gingivalis lipopolysaccharide has been detected
in human AD brains (16), promoting the hypothesis that P. gingivalis
infection of the brain plays a role in AD pathogenesis (17).

P. gingivalis is mainly found during gingival and periodontal in-
fections; however, it can also be found at low levels in 25% of healthy
individuals with no oral disease (18). Transient bacteremia of P. gingivalis
can occur during common activities such as brushing, ﬂnssing, and
chewing, as well as during dental procedures (19), resulting in docu-
mented translocation to a variety of tissues including coronary ar-
teries (20), placenta (21), and liver (22). A recent study found that
100% of patients with cardiovascular disease had P. gingivalis arte-
rial colonization (23).

P. gingivalis is an asaccharolytic Gram-negative anaerobic bacte-
rium that produces major virulence factors known as gingipains,
which are cysteine proteases consisting of lysine-gingipain (Kgp),
arginine-gingipain A (RgpA), and arginine-gingipain B (RgpB).
Gingipains are secreted, transported to outer bacterial membrane
surfaces, and partially released into the extracellular milieu in solu-
ble and outer membrane vesicle (OMV)-associated forms (24, 25).
Kgp and RgpA/B are essential for P. gingivalis survival and pathoge-
nicity, playing critical roles in host colonization, inactivation of host
defenses, iron and nutrient acquisition, and tissue destruction (24, 26).
Gingipains have been shown to mediate the toxicity of P. gingivalis

Tof21
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“Porphyromonas gingivalis, the
keystone pathogen in chronic
periodontitis, was identified in the
brain of Alzheimer’s disease
patients. Toxic proteases from the
bacterium called gingipains were
also identified in the brain of
Alzheimer’s patients, and levels
correlated with tau and ubiquitin
pathology.”
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Abstract: Alzbclmcr s discase (AD) is the most common cause of dementia, and it exhibits
hol prop such as deposition of extracellular amyloid B (Af)) and sboormally
pl\on;allorylaled Tau in nerve cells and a decrease of synapses. Conventionally, drugs target.
ing AP and its related molecules have been developed oa the basis of the amyloid cascade
hypothesis, but sufficient effects on the discase have not been obtained in past clinical trials.
On the other hand, it has been pointed out that chronic mflammation and microbial infection
in the brain may be lved in the path: of AD. Recently, has been focused

1 3in b 3 h Porohyl ;
on the p the p P bactennum  Porph ging;

and AD. P. gingivalis and its toxins have been detected in autopsy brain tissues from paticnts

with AD. In add pathological d of AD arc formed or exacerbated in mice
infected with P gingivalis. Compounds that m'gd the toxins of I girgivalis ameborate the
pathogenesis of AD triggered by P gingival L These findings indicate that the

pathological condiion of AD may be regulated by controlling the bactenia in the oral cavity
and the body. In the current aging socicty, the import of oral and p dontal carc for
preventing the onset of AD will increase.

Keywords: Porphylomonas gingivalis, cognitive decline, amyloid B, blood-brain barmier,
vascular inflammation

Introduction

D ia is the most freq logical discase in the world and is recognized as

a global public health priority by the World Health Organization. Although various
cthods for p ion and of d ia have yet been studied, no effective

cthod has been established. If risk factors for dementia and factors that suppress its
onset and progression could be identified that information could be used effectively, it
mlghl bc possible to prevent dementia and extend the healthy life span. Recently, the

b ds ia and sy ic di have been focused on. The
pathogenesis of Alzheimer’s disease (AD), which accounts for the largest number of
cases of dementia, and the relationships of the pathogenesis of AD with periodontitis

and periodontitis-related bacteria are described in this review.

Alzheimer’s Disease
It is estimated that about 44 million people worldwide are currently suffering from
dementia. Treatment costs exceed US $600 billion annually in the United States

Journal of Inflammation Research 2020:13 275-283 275
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Compounds that target the toxins of P.
gingivalis ameliorate the pathogenesis of AD
triggered by P. gingivalis infection. These
findings indicate that the pathological
condition of AD may be regulated by
controlling the bacteria in the oral cavity
and the body. In the current aging society,
the importance of oral and periodontal
care for preventing the onset of AD will
increase.

83



Dovepreas

Matsushita et al

Brain

Activation of
innate Immune

P gingivalis ' /
Toxins (LPS, gingipain)
Inflammatory mediators

(LB, TNFa)  Invasion of bacteria

QR g ? .‘Q N
— ------:...!::

Figure 1 Ponible mecharisms by which periodental dacase and P grgvaks aggremte Alzhamaers dsease.

84



70 yo female with fronto-temporal dementia

MYPERIOPATH MOLECULAR ANALYSIS OF PERIODONTAL AND SYSTEMIC PATHOGENS

Result: PATHOGENIC BACTERIA DETECTED, 8 ABOVE THERAPEUTIC THRESHOLD [pg | 7t | va Jen | #n | #i Jom] cs)
Bacterial Risk: HIGH - Very strong evidence of increased risk for attachment loss

Result Interpretation: Periodontal disease is caused by specific, or groups of specific bacteria.

=== = Therapeutic Threshold* Threshold levels represent the concentration above which patients are generally at increased risk for
DL = Detection Limit ‘attachment loss. Bacterial levels should be considered collectively and in context with clinical signs and
(other risk factors.

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

107 107 107

6 6 6
10 10 . L
10° | 105 — 105 "I

—— — —
104 104 10¢
e —
DL DL DL
B A 7] B B O o Q2 QA | o
Pathogen Result Clinical Significance

m Porphyromonas gingivalis High Very strong association with PD: Transmittable, tissue invasive, and pathogenic at relatively low

bacterial counts. Associated with aggressive forms of disease.

Tannerella forsythia High Very strong association with PD: common pathogen associated with refractory periodontitis. Strongly

related to increasing pocket depths.

Treponema denticola High Very strong association with PD: invasive in cooperation with other bacteria. Usually seen in

combination with other bacteria.

m Eubacterium nodatum High Strong association with PD: specific role uncertain. Often seen in refractory disease.
Fusobacterium High Strong association with PD: adherence properties to several oral pathogens; often seen in refractory
nucleatum/periodonticum disease.

n Prevotella intermedia High Strong association with PD: virulent properties similar to Pg; often seen in refractory disease.

m Peptostreptococcus (Micromonas) High Moderate association with PD: detected in higher numbers at sites of active disease.

micros
Capnocytophaga species High Some association with PD: Frequently found in gingivitis. Often found in association with other
(gingavalis,ochracea,sputigena) periodontal pathogens. May increase temporarily following active therapy.
Not Detected: (Aa) Aggregatibacter actinomycetemcomitans, (Cr) Campylobacter rectus, (Ec) Eikenella
corrodens
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70 yo female with fronto-temporal dementia

TEST

Array 7 - Neurological Autoimmune Reactivity Screen **

Myelin Basic Protein
Asialoganglioside
Alpha-Tubulin + Beta-Tubulin
Cerebellar

Synapsin

IN RANGE
(Normal)

RESULT
EQUIVOCAL*  OUT OF
RANGE
1.58
1.76
1.13
1.37
1.51

REFERENCE
(ELISA Index)

0.1-1.4
0.1-1.4
0.4-1.4
0.2-1.4
0.1-1.2
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Infectious causes of multiple sclerosis.

Gilden DH.

Department of Neurology, University of Colorado Health Sciences Center, Denver, CO 80262, USA. don.gilden@uchsc.edu
<don.gilden@uchsc.edu>

Erratum in
Lancet Neurol. 2005 May;4(5):269.

Abstract
Multiple sclerosis (MS) is a serious chronic neurological disorder in which demyelination and inflammation occur in the

white matter of the CNS. The findings of many epidemiological studies and a discordance of MS in monozygotic twins
suggest that the disorder is acquired. The most likely cause is a virus because more than 90% of patients with MS have
high concentrations of IgG, manifest as oligoclonal bands, in the brain and CSF. Most chronic inflammatory CNS
disorders are infectious. More indirect evidence that MS is caused by a virus is the association of several viruses with
demyelinating encephalomyelitis in human beings, and the induction of demyelination in animals infected with viruses in
research. Nevertheless, no virus has been isolated from the brains of patients who had MS. Molecular analysis of IgG
gene specificity in the brain and CSF of those with MS has shown features of an antigen-driven response: clonal
amplification and extensive somatic mutations. A viral antigen against which the IgG in MS brain and CSF is directed
might be identified.
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Chlamydophila pneumomae is an intracellular pathogen responsible for a

number of different acute and chronic infections. The

recent decpening of knowledge on the biology and the use of increasingly more seasitive and specific molecular techaiques has
allowed demonstration of C. pneumoniae in a lasge number of persons suffering from different discases induding cardiovascular
(atherosclerosis and stroke) and central nervous system (CNS) disorders. Despite this, many important issues remain unanswered
with regard to the role that C. preumoniae may play in initiating atheroma or in the progression of the disease. A growing body of
evidence concerns the involvement of this pathogen in chronic neurological disorders and particulady in Alzheimer's disease
(AD) and Multiple Sclerosis (MS). Monocytes may traffic C prewmoniae across the blood-brain-barries, shed the organism
in the CNS and induce nevrvinflammation. The demonstration of C. pnewmoniae by histopathological, molecular and culture
techniques in the late-onset AD dementia has suggested a relationship between CNS infection with C. pnewmoniae and the AD
aecuropathogenesss, In particular subsets of MS patients, C. preumomiae could induce a chronic persistent brain infection acting
as a cofactor in the development of the disease. The role of Chlamydia in the pathogenesis of mental or neurobehavioral disorders

induding schizophrenia and autism is uncertain and fragmentary and will require further confirmation.

1. Introduction and Background

Chiamydiae were taxonomically categorised into their own
order Chlamydiales, with one family, Chlamydiaceae, and
a single genus, Chiamydia which included four species: C
trachomatis, C. pnewmoniae, C. psittaci, and C. pecorum.
Two of the species, C. trachomatis and C. preumoniae, are
common pathogens in humans, but the routes of trans-
mission, susceptible populations, and clinical presentations
differ markedly. The other species occur mainly in animals
although C. psittaci may be also implicated in human
respiratory discases. In 1999, 2 new taxonomic classification
was proposed, renaming Chlamydia preumoniae as Chlamy-
dophila pneumoniae [ 1. However, the proposal to change the

taxonomic nomenclature for the Chlamyadiaceae family has
not been universally accepted and both names are currently
in use by different authors.

C. prneumoniae, 8 common cause of human respiratory
disease, was first isolated from the conjunctiva of a child
in Taiwan in 1965 but it was not until the early 1980s
that it was scientifically identified as a distinct Chlamydia
species and was established as a major respiratory pathogen
in 1983 when it was isolated from the throat of a college
student at the University of Washington. Most likely, C.
preumoniae is primarily transmitted from human to human
by the respiratory tract without any animal reservoir 2,
3] and infection spreads slowly. The incubation period is
several weeks, which is longer than that for many other

The demonstration of C. pneumoniae
by histopathological, molecular and
culture techniques in the late-onset

AD dementia has suggested a
relationship between CNS infection
with C. pneumoniae and the AD
neuropathogenesis. In particular
subsets of MS patients, C.
pneumoniae could induce a chronic

persistent brain infection acting as a
cofactor in the development of the

disease.
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Herpes simplex virus type 1 DNA is located within Alzheimer's disease amyloid

plaques.

Wozniak MA, Mee AP, Itzhaki RF.
Faculty of Life Sciences, University of Manchester, UK.

Abstract

The brains of Alzheimer's disease sufferers are characterized by amyloid plaques and neurofibrillary tangles. However,
the cause(s) of these features and those of the disease are unknown, in sporadic cases. We previously showed that
herpes simplex virus type 1 is a strong risk factor for Alzheimer's disease when in the brains of possessors of the type
4 allele of the apolipoprotein E gene (APOE-epsilon4), and that beta-amyloid, the main component of plaques,
accumulates in herpes simplex virus type 1-infected cell cultures and mouse brain. The present study aimed to
elucidate the relationship of the virus to plaques by determining their proximity in human brain sections. We used in situ
polymerase chain reaction to detect herpes simplex virus type 1 DNA, and immunohistochemistry or thioflavin S
staining to detect amyloid plaques. We discovered a striking localization of herpes simplex virus type 1 DNA within
plaques: in Alzheimer's disease brains, 90% of the plaques contained the viral DNA and 72% of the DNA was
associated with plaques; in aged normal brains, which contain amyloid plaques at a lower frequency, 80% of plaques
contained herpes simplex virus type 1 DNA but only 24% of the viral DNA was plaque-associated (p < 0.001). We
suggest that this is because in aged normal individuals, there is a lesser production and/or greater removal of beta-
amyloid (Abeta), so that less of the viral DNA is seen to be associated with Abeta in the brain. Our present data,
together with our finding of Abeta accumulation in herpes simplex virus type 1-infected cells and mouse brain, suggest
that this virus is a major cause of amyloid plaques and hence probably a significant aetiological factor in Alzheimer's
disease. They point to the usage of antiviral agents to treat the disease and possibly of vaccination to prevent it.

“Our present data, together with our finding of Abeta accumulation in
herpes simplex virus type 1-infected cells and mouse brain, suggest that
this virus is a major cause of amyloid plaques and hence probably a
significant aetiological factor in Alzheimer's disease.”
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Abstract

Background: The long latent stage seen in syphilis, followed by chronic central nervous system infection
and inflammation, can be explained by the persistence of atypical cystic and granular forms of Treponema
pallidum. We investigated whether a similar situation may occur in Lyme neuroborreliosis.

Method: Atypical forms of Borrelia burgdorferi spirochetes were induced exposing cultures of Borrelia
burgdorferi (strains B3| and ADBI) to such unfavorable conditions as osmotic and heat shock, and
exposure to the binding agents Thioflavin § and Congo red. We also analyzed whether these forms may
be induced in vitro, following infection of primary chicken and rat neurons, as well as rat and human
astrocytes. We further analyzed whether atypical forms similar to those induced in vitro may also occur in
vivo, in brains of three patients with Lyme neuroborreliosis. YWe used immunohistochemical methods to
detect evidence of neuroinflammation in the form of reactive microglia and astrocytes.

Results: Under these conditions we observed atypical cystic, rolled and granular forms of these
spirochetes. We characterized these abnormal forms by histochemical, immunohistochemical, dark field
and atomic force microscopy (AFM) methods. The atypical and cystic forms found in the brains of three
patients with neurcpathologically confirmed Lyme neuroborreliosis were identical to those induced in
vitro. We also observed nuclear fragmentation of the infected astrocytes using the TUNEL method.
Abundant HLA-DR positive microglia and GFAP positive reactive astrocytes were present in the cerebral
cortex.

Conclusion: The results indicate that atypical extra- and intracellular pleomorphic and cystic forms of
Borrelia burgdorferi and local neuroinflammation occur in the brain in chronic Lyme neuroborreliosis. The
persistence of these more resistant spirochete forms, and their intracellular location in neurons and glial
cells, may explain the long latent stage and persistence of Borrelia infection. The results also suggest that
Borrelia burgdorferi may induce cellular dysfunction and apoptosis. The detection and recognition of atypical,
cystic and granular forms in infected tissues is essential for the diagnosis and the treatment as they can
occur in the absence of the typical spiral Borrelia form.
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“In analogy to Treponema
pallidum, Borrelia
burgdorferi can persist in
the brain in Lyme
neuroborreliosis and may
initiate and sustain chronic
inflammation and tissue
damage.”
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Extra- and intracellular
atypical and cystic forms of
spirochetes in the cerebral

cortex of a patient with

pathologically and
serologically confirmed
chronic Lyme
neuroborreliosis where
‘ Borrelia burgdorferi sensu
+___stricto was cultivated from
.* the brain.
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Bacterial Lipoproteins Can Disseminate from the
Periphery to Inflame the Brain

Diana Londono and Diego Cadavid
From the Department of Nenrlogy and Newroscience and Center
Sor Emerging Parbogens af University of Medicine and Dentisiry
of New Jersey, New Jersey Medical School. Newark, New Jersey,
and Center for Immmunology and flammatory Dise

e it

Massachuselts General Hospital, Boston, Massachusetis

The current view is that bacteria need to enter the
brain to cause inflammation. However, in mice in-
fected with the spirochete Borrelia turicatae , we ob-
served widespread cercbral inflammation despite a
paucity of spirochetes in the brain parenchyma at
times of high bacteremia. Here we studied the possi-
bility that bacterial lipoproteins may be capable of
disseminating from the periphery across the blood-
brain barrier to inflame the brain. For this we injected
normal and infected mice intraperitoneally with lan-
thanide-labeled wariable outer membrane lipopro-
teins of B. turicatae and measured their localization
in blood, various peripheral organs, and whole and
capillary-depleted brain protein extracts at various
times. Lanthanide-labeled nonlipidated lipoproteins
of B. turicatae and mouse albumin were used as con-
trols. Brain inflammation was measured by TagMan
RT-PCR amplification of genes known to be up-
regulated in response to borrelial infection. The
results showed that the two lipoproteins we stud-
ied, LVspl and LVsp2, were capable of inflaming
the brain after intraperitoneal injection to different
degrees: LVspl was better than LVsp2 and Btl spi-
rochetes at moving from blood to brain. The dis-
semination of LVspl from the periphery to the brain
occurred under normal conditions and significantly
increased with infection. In contrast, LVsp2 dissemi-
nated better to peripheral organs. We conclude that some
bacterial lipoproteins can disseminate from the periphery
to inflame the brain.  {Am J Patbol 2010, 176:28i8-2857
DOE 102353 ajpath 20000091 235)

The traditional belief is that bacteria need to cross the blood
brain barrier (BBB) to cause brain inflammation. However,
during studies in mice persistently infected with the relaps-
ing fever spirochete Borefla turicatae, we noticed wide-

2848

spread cerebral microgliosis that could not be explained by
the presence of spirochetes in the brain parenchyma.'™
Because cerebral microgliosis is much more pronounced
during persistent than during intermittent bacteremia,”* the
possibility was raised that movement of pro-inflammatory
bacterial products from bleod to brain rather than the bac-
teria themselves could be responsible. Release of pro-in-
flammatory bacterial products occurs from spirochetes
both spontaneously® and upon immune or antibiotic medi-
ated lysis.” ® Furthermaore, release of outer membrane li-
poproteing from spirochetes into the extracellular environ-
ment can occur independently of blebs.®

However, little is known about whether bacterial products
can be released in vivo and disseminate into tissues like the
brain to cause inflammatian. ' Studies with lipopolysaccha-
ride (LPS) from Gram-negative bacteria have shown that it
does not cross the BBE but rather appears to cause brain
inflammation by binding to its receptor, TLR4, on brain
endothelial cells.!" Although borrelia spirochetes lack LPS,
they do contain an abundance of potent pro-inflammatory
outer membrang Ilpoprolciﬂs that share a common palmi-
tate 3 Cysteine madification with many other bacterial spe-
cies. ' Bacterial lipoproteins play prominent roles in dis-
ease pathogenesis.' Many, if not all, of their biclogical
activities are dependent on the lipid modification.'® The
ability of eukaryctic cells to respond to lipoproteins corre-
lates with expression of TLR2,""

Here we studied whether bacterial lipoproteins are capa-
ble of disseminating to the brain from the periphery. For this
we injected mice intraperitoneally with lipidated outer mem-
brane lipoproteins LVsp1 or LVsp2 of the relapsing fever
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“We conclude that some
bacterial lipoproteins can
disseminate from the
periphery
to inflame the brain.”
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Abundant clinical, epidemiological, imaging, genetic, molecular, and pathophysi-
ological data together indicate that there occur an unusual inflammatory reaction
and a disruption of the innate-immune signaling system in Alzheimer's disease (AD)
brain. Despite many years of intense study, the origin and molecular mechanics of
these AD-relevant pathogenic signals are still not well understood. Here, we provide
evidence that an intensely pro-inflammatory bacterial ipopolysaccharide (LPS), part
of a complex mixture of pro-inflammatory neurotoxins arising from abundant Gram-
negative bacilli of the human gastrointestinal (Gl) tract, are abundant in AD-affected
brain neccortex and hippocampus. For the first time, we provide evidence that LPS
immunohistochemical signals appear to aggregate in clumps in the parenchyma
in control brains, and in AD, about 75% of anti-LPS signals were clustered around
the periphery of DAPI-stained nuclei. As LPS is an abundant secretory product of
Gram-negative bacilli resident in the human Gl-tract, these observations suggest
(i) that a major source of pro-inflammatory signals in AD brain may originate from
internally derived noxious exudates of the Gl-tract microbiome; (i) that due to aging,
vascular deficits or degenerative disease these neurotoxic molecules may “leak” into
the systemic circulation, cerebral vasculature, and on into the brain; and (jii) that this
internal source of microbiome-derived neurotoxins may play a particularly strong role
in shaping the human immune system and contributing to neural degeneration, par-
ticularly in the aging CNS. This *Perspectives™ paper will further highlight some very
recent developments that implcate Gl-tract microbiome-derived LPS as an important
contributor to inflammatory-neurodegeneration in the AD brain.
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“As LPS is an abundant secretory
product of Gram-negative bacilli
resident in the human Gl-tract, these
observations suggest (i) that a major
source of pro-inflammatory signals in
AD brain may originate from internally
derived noxious exudates of the Gl-tract
microbiome; (ii) that due to aging,
vascular deficits or degenerative
disease these neurotoxic molecules
may “leak” into the systemic circulation,
cerebral vasculature, and on into the
brain;”
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Alzheimer's disease (AD) is a progres-
sive neurodegenerative disorder and the
leading cause of cognitive and behav-
ioral impairment in industrialized soci-
eties, The cause of AD is unknown and
the major risk factor for A is age. About
5% of all ADD cases have a genetic or famil-

E
ial cause however the vast majority of all
ALY cases (~95%) are of sporadic ori-
gin. Both the familial and the sporadic
forms of AD share a common disease
phenotype involving at least eight char-
acteristic features including (1) evidence

of uncontrolled oxidative stress; (i) up-
regulated pro-inflammatory signaling; (iii)
changes in innate-immune signaling; (iv)
the progressive accumulation of lesions
including neurofibrillary tangles (NFT)
and amyloid beta (AP )-containing senile
plaques (5P); (v) significant synaptic sig
naling deficits; (vi) neurite and brain cell
atrophy; (vii) progressively altered gene
expression patterns that are different from
healthy brain aging; and (viii) progressive
cognitive impairment and dementia in the
host. There is currently no cure or ade-
quate clinical treatment for AL, and it
remains unclear how AD originates and

propagates throughout the brain and cen-
tral nervous system (CNS). Results from
recent genome-wide association studies
(GWAS) indicate that a significant portion
of AD-relevant gene signals are not located

within gene coding regions suggesting the
contribution of epigenetic or environ-
mental factors o AD risk, The potential
contribution of pathogenic microbes to

aging and AD is becoming increasingly

Frontiers in Aging Neuroscience

recognized (Miklossy, 2011; Cho and
Blaser, 2012 Bh: harjee and Lukiw,
201% ; Heintz and M

2014; Hua 4, Mancuso et al.,

2014), Importantly, most of the changes
seen in AD, such as inflammation, brain
cell atrophy, immunological aberrations,
amyloidogenesis, altered gene expression
and cognitive deficits are also seen as a
consequence of microbial infection (Cho

-1, 2012; Yatsunenk

Bhatt » and
and McVey Neufeld,
2013; Heintz and Mair :
et al, 20014). This briel communication
will review some recent observations on
the potential contribution of pathogens
to neurological dysfunction, with specific
reference to AD whe

3 viancuso

er possible.

Firstly, humans contain a complex and
dynamic community of microbes called
the microbiome that forms a “metaor-
ganism” with symbiotic or commensal
(Cho and Blaser, 2012;
Bhattach 1 Lukiw, 2013; Heintz
and Mair, 2014), The microbiome of the
human gastrointestinal (GI) tract con-
tains the largest reservoir of microbes,
containing about 10" microbes from at
least 1000 distinct microbial species, and
outnumbering human host cells by about
100 to 1 (Whitman et al., 1998; Kim et al.,
2013), The GI tract microbiome has been

benefit to the

estimated to encode about 4 % 10° genes
so the quantity of the microbiome genes
outnumbers host genes by about 150 to
1 (Bhattacharjee and Lukiw, 2013). Over
99% of GI tract microbiota are anaerobic

www frontiersin.org

iences Canrar, New Orleans, USA

bacteria, with fungi, protozoa, archaebac-
teria and other microorganisms making
up the remainder; interestingly only two
bacterial divisions are prominent in GI
tract microbiota, including Firmicutes
(~51%) and Bacteroidetes (~48%), with
the remaining 1% of phylotypes dis-
tributed  amongst  the  Cyanobacteria,
Fusobacteria, Proteobacieria, Spirochaetes,
and Verrucamicrobia, with various species
of fungi, protozoa, viruses and other
microorganisms making up the remainder
(httpe/fwww genome. gov/ pages/researchf
sequencing/seqproposals/hgmiseq.pdf).

OfF all human GI tract microbiota, bacte-
rial densities of up to 10" per ml are the
highest recorded density in any known

microbial ecosystem ‘hitman

et al., 2013

ganisms making up the smallest 1% of
the microbiome have a disproportion-
ately large effect on disease, and it is a
major function of the healthy GI tract
microbiome to keep under control the
proliferation of any potentially pathogenic
microbes contained within {Hornig, 2013

Kim et al., 2013; Heintz and Ma

see below).

Recent interest in the role of the micro-
biome in human health and disease has
rapidly expanded over the last several
years with the advent of new sequenc-
ing and bioinformatics h:u:huu]ugii:ei for
interrogating the genetics of complex
microbial communities and microbial-
host interactions, There is currently
much interest in the ability of GI tract

June 2014 | Volume & | Article 127 | 1

“Here we list 10 recent, highly
specific and illustrative insights into
the potential contribution of
pathogenic microbes, altered
microbiome signaling and other
disease-inducing agents to the
development of AD”
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(1) Fungal infection of the CNS (6) Toxoplasma and

(2) HSV-1 is associated with AD neurodegeneration

(3) Prion diseases (7) Viroids, miRNAs and AD
(4) Chlamydophila pneumoniae, (8) Hepatitis and AD

other pathogenic bacteria (9) Cytomegalovirus and AD
(5) HIV-1 and AD (10) Gl tract and blood-

brain barrier permeability



J Alzheimers Dis. 2014 Aug 13. [Epub ahead of print]

Direct Visualization of Fungal Infection in Brains from Patients with Alzheimer's Disease.
Pisa D1, Alonso R1, Juarranz A2, Rabano A3, Carrasco L1.

# Author information

Abstract

Recently, we have reported the presence of fungal infections in patients with Alzheimer's disease (AD). Accordingly, fungal proteins and DNA were
found in brain samples, demonstrating the existence of infection in the central nervous system. In the present work, we raised antibodies to specific
fungal species and performed immunohistochemistry to directly visualize fungal components inside neurons from AD patients. Mice infected with
Candida glabrata were initially used to assess whether yeast can be internalized in mammalian tissues. Using polyclonal rabbit antibodies against C.
glabrata, rounded immunopositive cells could be detected in the cytoplasm of cells from liver, spleen, and brain samples in infected, but not
uninfected, mice. Immunohistochemical analyses of tissue from the frontal cortex of AD patients revealed the presence of fungal material in a small
percentage (~10%) of cells, suggesting the presence of infection. Importantly, this immunopositive material was absent in control samples. Confocal
microscopy indicated that this fungal material had an intracellular localization. The specific morphology of this material varied between patients; in
some instances, disseminated material was localized to the cytoplasm, whereas small punctate bodies were detected in other patients. Interestingly,
fungal material could be revealed using different anti-fungal antibodies, suggesting multiple infections. In summary, fungal infection can only be
observed using specific anti-fungal antibodies and only a small percentage of cells contain fungi. Our findings provide an explanation for the hitherto
elusive detection of fungi in AD brains, and are consistent with the idea that fungal cells are internalized inside neurons.
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PATHOGEN-ASSOCIATED IMMUNE
REACTIVITY SCREEN"

Antigens Tested (IgG)

* Porphyromonas * Cryptosporidium * Aspergillus
gingivalis * Blastocystis hominis * Penicillium

* Streptococcus mutans * Human HSP-60 + * Stachybotrys chartarum

* Helicobacter pylori Chlamydia HSP-60 « Citrullinated EBY

* Campylobacter jejuni * Chlamydias * Hepatitis C virus

* Yersinia enterocolitica * Streptozymes + Cytomegalovirus

+ Clostridium difficile + Streptococcal M Protein * Human Herpesvirus-6

2 mL Serum * Candida albicans * Mycoplasmas * Borrelia burgdorferi

* Rotavirus * Acinetobacter « Babesia+Ehrlichia

* Entamoeba histolytica * Klebsiella +Bartonella

* Giardia lamblia * Mycobacterium avium

CLINICAL USE: RECOMMENDED FOR PATIENTS WHO:

+ Detect immune reaction to key pathogens that may - Present with chronic conditions such as
lead to multiple autoimmune reactivities. gastrointestinal distress, fatigue, body aches or
unexplained and general inflammation, including

+ Determine the role of pathogens in cases of e e

‘unexplained’ autoimmune reactivities.

+ May have been exposed to bacteria, viruses,
parasites, molds, and spirochetes associated with
multiple autoimmunities.

+ Monitor the effectiveness of clinical protocols for
addressing pathogens associated with multiple
autoimmunities.

+ Have not fully responded to clinical interventions,
such as detoxification and dietary modifications.

Detection of high levels of I§G antibody
against the tested pathogens is not

indicative of acute infection. / . P e e
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The neurclogical deterioration assocciated with Alzheimer's disease (AD), invohing
accumuation of amyloid-beta peptides and neurofibrillary tangles, is associated with
evident neuronflammation. This is now seen to be a significant contributor to pathology.
Recently the tenet of the privieged status of the brain, regarding microbial compromise,
has been questioned, particularly in terms of neurodegenerative diseases. It is now
being considered that microbiological incursion into the central nervous system could
be either an initiator or significant contributor te these. This is a novel study using
16S ribosomal gene-specific Next generation sequencing (NGS) of extracted brain
tissue. A comparison was made of the bacterial species content of both frozen
and formaldehyde fixed sections of a small cohort of Alzheimer-affected cases with
those of cognitivaly unimpaired (normal). Our findings suggest an increase in bacterial
populations in Alzheimer brain tissue compared with normal.

™ Aok "
Y L]

(AD), bactarin, human microbsome, 168 riRNA, next generation sequencing (NGS)

INTRODUCTION

Pathological triggers, culminating in the eventual loss of cognitive function in Alzheimer's disease
(AD), are widely acknowledged to occur up to two decades before symptoms arise (Bateman et al,
2012). It is acknowledged that the increased level of amyloid AB42 in the brain parenchyma, due to
cither increased production of amyloid or its decreased removal, is likely to contribute substantially
to this. However, und ding why the p ce of excessive levels of AP do not necessarily
result in cognitive impairment (Katzman et al., 1988; Hulette et al, 1998; Price and Morris, 1999;
Airenstein et al, 2008; Esparza et al., 2013) may be related to the known role of inflammation and
the importance of the response of the innate immune system, which are also recognized as essential
factors (Heneka et al, 2015b). The common sporadic form of AD arises from a large number of
possible risk factors. The presence of the E4 polymorphism of apolipoprotein E4 (APOEM) has
long been known to be the most potent risk factor for sporadic AD, second only to age. One
reason for this is likely to be its importance in the clearance of AP, another may be its influence
on inflimmatory response and its adverse influence on the integrity of the blood-brain barrier
(BBB; Bell, 2012), which is pertinent when discussing the level of privilege the brain retains (Yu
et al, 2014). The E4 polymorphism is proinflammatory, unlike the more common E3 form, which
facilitates suppression of inflammation (LaDu et al, 2001; Guo et al, 2004; Chen et al, 2005).

Agng Neuroscercs | www froer

A comparison was made of the
bacterial species content of both
frozen and formaldehyde fixed
sections of a small cohort of
Alzheimer-affected cases with
those of cognitively unimpaired
(normal). Our findings suggest
an increase in bacterial
populations in Alzheimer brain
tissue compared with normal.
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INTRODUCTION

(Amax ~555nm) when stained with

Atypical amyloid g ion, foldi

the dary diazo-dye Congo-red

aggregation and impaired clearance
are characteristic pathological features
of human neurodegenerative disorders
including Alzheimer’s disease (AD). What
is generally not appreciated is that a major
secretory product of microbes is amyloid,
and that the contribution of microbial
amyloid to the pathophysiology of the
human central nervous system (CNS) is
potentially substantial. While earlier find-
ings suggested that these amyloids may
serve some immune-evasive strategy, it has
recently become evident that humans have
a tremendously heavy systemic burden
of amyloid which may contribute to the
pathology of progressive neurological dis-
eases with an amyloidogenic comp

This perspective will highlight some recent
inroads made into our understanding of
the enigmatic role that microbial amyloids
may play in the homeostasis and pathol-
ogy of the CNS with particular reference
to AD wherever possible.

AMYLOID: MICROBIAL AND CNS
SOURCES

“Amyloid” is a generic term for any aggre-
gated, insoluble, lipoprotein-rich deposit
exhibiting B-pleated sheet structures
oriented perpendicular to the fibril-
lar axis (Steensma, 2001; Badtke et al.,
2009; Blanco et al., 2012; Buxbaum and
Linke, 2012). Amyloids are character-
ized by an apple-green birefringence

Frontiers in Aging N

(hmax ~498nm) when viewed under
polarized light (upon binding to amyloid,
Congo Red displays bright fl ence

form amyloids that contribute to “dense-

deposit” disease (Goldschmidt et al,

2010; O’Brien and Wong, 2011; Lukiw,

2012). The pathogenesis of diseases that
1

emission at hpmyy ~614nm after exci-
tation at hmax ~497nm; Alexandrov
et al, 2011; O'Brien and Wong, 2011).
Amyloid fibrillation is initiasted by
self-aggregation of protein monomers-
into-dimers, oligomers and fibrils, which
accumulate over time, and this process is
thought to result from the hydrophobic
nature of the aromatic amino-acid pep-
tides comprising the primary sequence of
the amyloid (O’Brien and Wong, 2011;
Lukiw, 2012). The Congo red dye-based
intercalation of B-pleated sheets, induction
of a positive anisotropy that is polarized
and directionally dependent, and gener-
ation of a measureable wavelength shift
and apple-green birefringence is the hall-
mark of all amyloids and is the “gold
standard” in the diagnosis of amyloido-
genic disease (Linke, 2006; Buxbaum and
Linke, 2012). The polymerization of amy-
loidogenic proteins is cooperative, and
can be accelerated by amyloid aggre-
gates derived from the same protein in
a selective “seeding” process. The identifi-
cation of the “amylome,” a classification
of amino acid sequences within pro-
teins with internal, self-complementary
interfaces and high fiber-forming propen-
sity has improved our understanding of
the capability of different proteins to

www frontiersin.org

ac yloid, including AD, all
involve a marked inflammatory response
at sites of amyloid deposition, and this
is mediated by microglial cells, the “rov-
ing macrophages” of the CNS. Microglia
appear to utilize molecular sensors on
their external surface, such as the Toll-like
receptor 2, TLR2, to recognize abnormal
forms of amyloid and initiate a phago-
cytic or “clearance” response (Zhao et al.,
2013; Ferrera et al., 2014; Jones et al,
2014). Here we describe a relatively recent
collection of stimulating research at the
crossroads of microbial and AD amy-
loids highlighting 5 recent, specific and
illustrative insights into the potential con-
tribution of microbial-derived amyloids to
CNS amyloidogenesis and AD.

MICROBIOME-DERIVED AMYLOIDS

The microbiome is the aggregate of all
microorganisms that reside on and within
the human body, forming a complex
ecosystem that indudes the skin, oral and
nasal mucosa, the urogenital and gastroin-
testinal (GI) tracts. The microbiome of
the GI tract is by far the largest reser-
voir of microbes in the human body,
containing about 10" microbes; over
99% of microbiota in the GI tract are
anaerobic bacteria, with fungi, protozoa,
archaebacteria and other microorganisms

February 2015 | Volume 7 | Aticle 9| 1

“Microbes or their secretory or
degradation products including their
amyloids and LPSs are powerful
inflammatory activators and inducers
of cytokines and complement
proteins, affecting vascular
permeability and generating free-
radicals that further support
amyloidogenesis (Hill et al., 2014; Lin
et al., 2014). These pathogenic
signaling features are also highly
characteristic of AD neuropathology.”
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Abstract

Background: The amyloid f-protein (Af) is believed to be the key mediator of Alzheimer's disease (AD) pathology. Af is
most often characterized as an incidental catabolic byproduct that lacks a normal physiological role. However, Ap has been
shown to be a specific ligand for a number of different receptors and other molecules, transported by complex trafficking
pathways, modulated in response to a variety of environmental stressors, and able to induce pro-inflammatory activities.

Methodology/Principal Findings: Here, we provide data supporting an in vive function for A as an antimicrobial peptide
(AMP). Experiments used established in vitro assays to compare antimicrobial activities of Ap and LL-37, an archetypical
human AMP. Findings reveal that AP exerts antimicrobial activity against eight common and clinically relevant
microorganisms with a potency equivalent to, and in some cases greater than, LL-37. Furthermore, we show that AD whole
brain homogenates have significantly higher antimicrobial activity than aged matched non-AD samples and that AMP
action correlates with tissue A} levels. Consistent with Af-mediated activity, the increased antimicrobial action was ablated
by immunodepletion of AD brain homogenates with anti-Af antibodies.

Conclusions/Significance: Our findings suggest Ap is a hitherto unrecognized AMP that may normally function in the
innate immune system. This finding stands in stark contrast to current models of Ap-mediated pathology and has important
implications for ongoing and future AD treatment strategies.
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AR are simi
known as

Introduction to those of a group of biomoelecules collectively
antimicrobial peptides™ (AMPs) which function in the

innate immune system. AMPs (also called “host defense peptides™)

The past 25 years has witessed the acerual of a larg

body of
data concerning the physiochemistry and biological activities ol

are potent, broad-spectrum antibiotics that target Gram-negative
the amyloid B-peptide (AP), the main component of f-amyloid

and Gram-positive bacteria, mycobacteria, enveloped viruses,

deposits in the brains of Alzheimer’s disease (AD) patients [1]. AB.
which is generated in the brain and peripheral tissues, is widely
believed an incidental catabolic byproduct of the amyloid B
protein precursor (APP) with no normal physiological function.

However, AP has been shown to be a ligand for a number of

different receptors and other molecules

3.4]. transported by
complex traflicking pathways between tissues and across the blood

brain  barrie

environmental stressors, and able 1o induce pro-inflammatory

activities [6,7]. Despite these clues, the normal physiological role
of AP remains unknown. We have observed that many of the
physiochemical and biological properties previously reported for

PLoS ONE | www.plosone.org

[1,5], modulated in response to a variety of

fungi, protozoans and in some cases, transformed or cancerous
host cells. AMPs are also potent immunomodulators that mediate
cytokine release and adaptive immune responses (see review by
Zaiou, 2007 [8])

The three main families of mammalian AMPs are the defensins,
the histatins, and the cathelicidins. Only one member of the
cathelicidin family has been ident 7

ed in humans, the 1
peptide [9]. The pleiotropic LL-37 peptide is a widely expressed
archetypal AMP [10]. The rodent LL-37 homologue (CRAMP)
has been shown to play a central role in combating bacterial
ncluding the CNS [11]. Patients
that express low levels of LL-37 are at increased risk for serious

7

infections in a range of tssues,

March 2010 | Volume 5 | Issue 3 | 9505

“Our findings suggest Ab is
a hitherto unrecognized
AMP that may normally

function in the innate
immune system. This
finding stands in stark
contrast to current models
of Ab-mediated pathology
and has important
implications for ongoing
and future AD treatment
strategies.”
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ABSTRACT: Oleocanthal, a phmolic component of extra- .
wgmoltwon.l,habm lmhdw duced risk of
imer's di (AD), a ne & that is -

ch ized lati d}uylod(hﬁ)mdun o iy
proteins in the brain. However, the mechanism by which - )
oleocanthal exerts its neuroprotective effect is still incom-
pletely understood. Here, we provide in vitro and in vivo . st T ——

idence for the potential of oleocanthal to enhance Af ‘ﬁ ») s
dearance from the brain via up-regulation of P-glycoprotein
(P-gp) and LDL lipoprotein receptor related protein-1 T
(LRP1), major Af transport proteins, at the blood-brain
barrier (BBB). Results from in vitro and in vivo studies demonstrated similar and consistent pattern of oleocanthal in controlling
Af levels. In cultured mice brain endothelial cells, oleocanthal treatment increased P-gp and LRP1 expression and activity. Brain
efffux index (BEI%) studies of '“1-Afl, showed that administration of oleocanthal extracted from extra-virgin olive oil to
C57BL/6 wild-type mice enh “L‘IM <k from the brain and increased the BEI% from 620 + 3.0% for control mice
to 79.9 + 1.6% for oleocanthal treated mice. Increased P-gp and LRP1 expression in the brain microvessels and inhibition studies
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KEYWORDS: Oleocanthal, f-amyloid dearance, f-amyloid degradation, P-glycoprotein, LRP1, BBB

he Mediterranean diet is associated with benefical health
properties against Alzheimer’s disease (AD), a neuro-
degenerative disease that affects about 30 million people

vitro and in vivo studies have d d that olive oil
phenolics have positive effects on ccrmn ph)'uolopcal
parameters such as plasma lipop

ldwide." Epidemiological studies indicate that the preva- mﬂzmmmrrmarkenpblddmdcdluluﬁmon,mm
lence of AD md cogmuve decline is low among the bial activity, and bone health '’
Medit d to those of other Amongthe lic olive oil ¢ , (—)-oleocanthal, a
geographical :epom o!'t}x world ¥4 One integral component naturally g phenols iridoid solated from EVOO,
of the Meditermanean dietary jpattern is the consumption of has shown an antiinf r “‘d om propertics
extra-virgin olive oil (Evoo).! Typically, the intake of EVOO similar to the idal anti-infl. ik fen."

ranges from 25 to 50 mL per day in the Mediterrancan diet.*
Therefore, the apparent health benefits have been partially
attributed to the dietary consumption of EVOO by
Mediterranean populations.

Historically, the health pmmohn; pmpcbu of EVOO were
attributed to the high co d fatty
acids, in particular oleic aod, :mumed in EVOO. However,
other seed oils (ie, sunflower, soybean, and rapeseed), which
also contain high concentrations of oleic acid, do not exhibit
the same health benefits as EVO0.”” In addition to oleic acid,
EVOO contains a minor, yet significant phenolic fraction that
other seed oils lack and this fraction has generated much
interest regarding its health promoting properties. Currently, 36
phenolic compounds have been identified in EVOO and in

A 4 ACS Publications  © 2013 Americas Chemical Sodety
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(=)-Oleocanthal is the dnlddlydu form of ?m}sde:moxyllg
stroside glycoside responsible for the bitter taste of EVOO, and
its chemical structure is related to the secoiridoid dy:nndu
hpmmde and oleuropein, which are also common in EVOO.
i of ol hal is shown in Figure 1.

R:cently oleocanthal has been demonstrated to have
po!:nlu.l neuroprotective properties and contribute to
prevennns cogmmre decline due to n:umde;enerahve
dauues * This has been d by popul based
studies indicating that Medﬂtmnun diet, ndl m olive oil and
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In conclusion, these findings
provide experimental support that
potential reduced risk of AD
associated with extra-virgin olive
oil could be mediated by
enhancement of AB clearance
from the brain.
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In the present study, we aimed to demonstrate, using in vitro
and in vivo studies, the role of oleocanthal in enhanced
clearance of AB from the brain as an additional possible

mechanism for its neuroprotective effect via its potential to
up- regulate P-gp (P-glycoprotein)
and LRP1 (LDL lipoprotein receptor related protein-1) at the
BBB, and its ability to enhance AB degradation.
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Amyloid proteotoxicity initiates an inflammatory response

blocked by cannabinoids

Antonio Currais', Oswald Quehenberger™’, Aaron M Armando’, Daniel Daugherty', Pam Maher' and David Schubert’

Thebetaamylold(Amandoﬂmaggmgaﬁr\gmhslnmmlnmwlmagemdmhqumdyfwndwlthhnewom.

The mechanistic relationship b

intracellular amyloid, aging and &

is not, h , well und

We use a proteotoxicity model based umn&nlndmueemmbndmhahumnmmlmmmmcdl line to
characterize a distinct form of nerve cell death caused by intracellular AB. It is shown that intracellular AB initiates a toxic

infl y response leading to the cell's demise. AB induces the expression of multiple proinflammatory genes and an increase
in both arachidonic acid and eic id lndudiﬂg,, glandins that are P tive and leukotrienes that potentiate death.
Cannabinoids such as tetrahyd | late the | of i | AB, blod: the inflammatory response, and are

ptot«ﬁve.mwged-mmesedauﬂwmtﬂ-emha

and likely a. Iyt

y response within nerve cells

causedbyﬂuaccumulaﬁonoflnu:celldarhﬂ,anddmd'\risudyformdpmmnﬁdtyanbeblod(edbymeactlvationd

cannabinoid receptors.

npj Aging and Mechanisms of Disease (2016) 2, 16012; doi:10.1038/npjamd.2016.12; published online 23 June 2016

INTRODUCTION

Nerve cell death from the accumulation of aggregated or amyloid-
like protems |s a common theme in most age-dependent
However, there are no drugs that
slgnif\camly inhibit cell death associated with Alzheimer’s disease
(AD), Parkinson’s or Huntington’s diseases. This could be because
most interest has been in the late manifestations of the disease,
not in the initial changes in cell metabolism that ultimately lead to
nerve cell death.’ In the context of life span, slowing down the
removal of aggregated proteins in the brains of flies shortens life
span, while expediting their rate of removal extends life span.’
Therefore, it is likely that the accumulation of intracellular
aggregated protein in the brain occurs throughout life, con-
tributes to cognitive aging, and may also be involved in the
initiation of many old 1 age- -associated diseases.

Although debated,™* the accumulation of intracellular amyloid
beta (AB) is an early event in AD. In both humans and rodents,
intracellular AP accumulation is observed well before extracellular
amyloid.>® Similarly, both aggregated hum:ngtm and alpha
synudlein are found in neurons before disease onset.”'

As with the accumulation of intracellular proteins, central
nervous system (CNS) inflammation is elevated with age and
increases in disease.''As AD is associated with neuronal dysfunc-
tion, we hypothesized that proteotoxicity in nerve cells them-
selves may initiate an inflammatory response that can lead directly
to their death and contribute to overall inflammation in the CNS.
The following experiments identify the molecular basis of this
inflammatory response using a human CNS nerve cell line that
conditionally expresses AB.

RESULTS
MCES cells are a human CNS nerve cell line that contains the C-99
fragment of the amyloid precursor protein under the control of a

"Celiular Neurobiology Laboratory, The Salk Institute for Biclogical Studies, La Jolla, CA, USA: “D of P gy. Uni

and Department of Medicine, University of California San Diego, La Jolla, CA, USA.
Comespondence: D Schubert (schubert@saliuedu)
Received 5 January 2016; accepted 16 February 2016

tetracydline (tet)-sensitive promoter.'” The parent cell line is
SK-N-MC from a human brain tumor, and it has an electrically
excitable membrane typical of neurons.’® When tet is withdrawn,
cells express C-99 that is converted to AR by y-secretase and the
cells die within 4 days (Figure 1a,b). AR remains within the cell and
forms aggregates.'>'* In the presence of y-secretase inhibitors (S1),
cells accumulate C-99, but do not die, and C99 does not

aggregate.

Intraneuronal AB induces the expression of proinflammatory
molecules

Inflammation is associated with the elevated expression of
cytokines and chemokines. To assay for the expression of these
genes following the induction of AB in MC6S cells, the mRNA
expression of 184 inflammation-associated genes was assayed
sequentially for three days. Table 1 shows increases in the
expression of 12 genes.

IL-8 expression is linked to late onset AD.'* Importantly, IL-8
crosses the blood brain barrier and stimulates the recruitment of
immune cells into the brain.'® AB causes a 10-fold increase in IL-8
gene expression, and IL-8 is detected in the culture supernatant
2 days after the induction of AB (Table 1).

It was next asked whether the intracellular expression of AB
leads to an increase in proinflammatory pathways. NFkB is a
ubiquitous proinfl, y molecule whose activation includes
phosphorylation. Phosphorylation of its p65 subunit is increased
following the expression of AB in MC65 cells (Figure 1cd).
Inflammation is also associated with the activation of caspase 1.
Figure 1¢.d shows that following the expression of AR, caspase 1 is
activated as defined by the appearance of activation-dependent
cleavage products.

In cases of caspase-1 activation, cell death is ultimately caused
by caspase-3.'” Figure 1c also shows that caspase-3 is strongly

y of California San Diego, La Jolla, CA, USA

“Cannabinoids such as
tetrahydrocannabinol stimulate the
removal of intraneuronal AB, block the
inflammatory response, and are
protective. Altogether these data show
that there is a complex and likely
autocatalytic inflammatory response
within nerve cells caused by the
accumulation of intracellular AB, and that
this early form of proteotoxicity can be
blocked by the activation of cannabinoid
receptors.”
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Cannabidiol in vivo blunts g-amyloid induced - [E" /—\ A
e M

neuroinflammation by suppressing IL-1§ and iNOS /"% Reactive Microplosie
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of Naples Federico 1I, Naples, Italy
Background and purpose: Pharmacological inhibition of beta-amyloid (AB) induced reactive gliosis may represent a novel :;mxpp'

rationale to develop drugs able to blunt neuronal damage and slow the course of Alzheimer’s disease (AD). Cannabidiol (CBD),
the main non-psychotropic natural cannabinoid, exerts in vitro a combination of neuroprotective effects in different models of . u i
AB neurotoxicity. The present study, performed in a mouse model of AD-related neuroinflammation, was aimed at confirming Activated MlcrOQI’a
in vivo the previously reported antiinflammatory properties of CBD.

Experimental approach: Mice were inoculated with human A (1-42) peptide into the right dorsal hippocampus, and treated ® 2
daily with vehicle or CBD (2.5 or 10mgkg™", i.p.) for 7 days. mRNA for glial fibrillary acidic protein (GFAP) was assessed by Direct Neurotoxic
in situ hybridization. Protein expression of GFAP, inducible nitric oxide synthase (iNOS) and IL-1B was determined by Insult
immunofluorescence analysis. In addition, ELISA assay of IL-1 level and the measurement of NO were performed in dissected
and homogenized ipsilateral hippocampi, derived from vehicle and AB inoculated mice, in the absence or presence of CBD.
Key results: In contrast to vehicle, CBD dose-dependently and significantly inhibited GFAP mRNA and protein expression in A
injected animals. Moreover, under the same experimental conditions, CBD impaired iNOS and IL-1pB protein expression, and
the related NO and IL-1p release.

Conclusion and implications: The results of the present study confirm in vivo anti-inflammatory actions of CBD, emphasizing
the importance of this compound as a novel promising pharmacological tool capable of attenuating Ap evoked
neuroinflammatory responses.

British Journal of Pharmacology (2007) 151, 1272-1279; doi:10.1038/sj.bjp.0707337; published online 25 June 2007
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Studies Show How Vitamin D3 Helps Clear Amyloid in AD

Megan Brooks

March 15, 2012 — A team of researchers has uncovered the intracellular mechanisms regulated by vitamin D3
that may help clear amyloid-beta from the brain, the hallmark of Alzheimer's disease (AD).

"This new study helped clarify the key mechanisms involved, which will help us better understand the
usefulness of vitamin D3 and curcumin as possible therapies for Alzheimer's disease," Milan Fiala, MD, of the
David Geffen School of Medicine at University of California Los Angeles, notes in a written statement.

The study also supports mounting evidence that adequate levels of vitamin D "may be a key factor in AD
prevention," the researchers say. Their work was published March 6 in the Journal of Alzheimer's Disease.

"The clinical implications,” Dr. Fiala told Medscape Medical News,"are that vitamin D3 protects the brain
through the immune system and that recommended blood levels of the 25-hydroxy vitamin D3 should be
maintained in all seasons including winter when the sun is not helping to produce vitamin D in the skin."

She said clinical trials assessing the therapeutic potential of vitamin D3 are "ongoing or planned."
Retuning AD Macrophages

Brain clearance of amyloid-beta 1-42 (AB-42) by innate immune macrophages is required for maintenance of
normal brain function. This process of phagocytosis is defective in patients with AD.

In earlier laboratory studies, Dr. Fiala and colleagues identified 2 types of macrophages in patients with AD,
type | and type Il macrophages. They found that the function of type | macrophages can be improved by
adding vitamin D3 and curcuminoids, a synthetic form of curcumin, a chemical found in turmeric spice. Type lI
macrophages, on the other hand, are improved only by adding vitamin D3. However, the exact mechanism of
these effects remained unclear, until now.



Source: UCLA

Macrophages from AD patients without (Figure 1) and with (Figure 2) vitamin D3. Macrophages in Figure

"Our findings demonstrate that active forms of vitamin
D3 may be an important regulator of immune activities
of macrophages in helping to clear amyloid plaques by
directly regulating the expression of genes, as well as
the structural physical workings of the cells," said study
author Mizwicki,
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Treating depression and depression-like behavior with
physical activity: an immune perspective

{frontiers in
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Edited by: The increasing burden of major depressive disorder makes the search for an extended
::“ 5"“"'3::“* Qnasde o darstanding of eticlogy, and for the development of additional treatments highly signifi-
i w N cant. Biological factors may be useful biomarkers for treatment with physical activity (PA),

and neurobiological effects of PA may herald new therapeutic development in the future.
This paper provides a thorough and up-to-date review of studies examining the neuroim-
munomodulatory effects of PA on the brain in depression and depression-like behawviors.
From a neuroimmune perspective, evidence suggests PA does enhance the beneficial and
reduce the detnmental effects of the neurommune system. PA appears to increase the
following factors: interleukin (IL)-10, IL-6 (acutely), macrophage migration nhibitory factor,

Olver Gamm, Cental insttute of
Mon o/ Health, Garmany

Medk Horowtz Kings Colege
London, UX

Bana W Do Agun:, Unnorsdads
Fedardl do Rio Gmande do Sul, Baual

Bornhard T Boune, Deaplne of central nervous system-specific autoreactive CD4+ T cells, M2 microglia, quiescent astro-
Peychuatry. School of Mbdicna, oytes, CX3CL1, and insulin-ike growth factor-1. On the other hand, PA appears to reduce
mzf"“m = detrmental neuroimmune factors such as: Th1/Th2 balance, pro-inflammatory cytokines,
ourni- bamhard beunc@ Crreactive protein, M1 microglia, and reactive astrocytes. The effect of other mechanisms is
adolaide.ockssu unknown, such as: CD4+CD25+ T regulatory cells (T regs), CD200, chemokines, miRNA,

M2-type blood-derved macrophages, and tumor necrosis factor (TNFlx [via receptor 2
(R2)]. The beneficial effects of PA are likely to occur centrally and peripherally (e.g.. in vis-
ceral fat reduction). The investigation of the neurommune effects of PA on depression and
depression-like behavior is a rapidly developing and mportant field.

pliysical activity, g Pey Y- oY

The increasing burden of major depressive disorder (MDD; WHO,
2008) makes the search for an extended understanding of eti-
ology, and for the development of additional treatments highly
significant. The global “pandemic” of physical inactivity (Lee
et al, 2012) - a sgnificant etiological factor for many non-
communicable diseases, including depression (Garber et al,, 2011;
Kohl et al, 2012; Lee et al., 2012) — as well as the growing evidence
supporting the dinical utility of physical activity (PA) in many
psychiatric disorders, make the biological effects of PA highly rel-
evant (Knochel et al., 2012; Lautenschlager et al., 2012; Rimer
et al,, 2012). Biological factors may be useful biomarkers for treat-
ment with PA, and neurobiological effects of PA may herald new
therapeutic developments in the future.

The neuroimmune system is important in the pathogenesis and
pathophysiology of depression-like behaviors (Eyre and Baune,
2012c). Elevations in pro-inflammatory cytokines (PICs), causing
neuroinflammation, are well known to be involved in the devel-
opment of depression-like behaviors - e.g., sickness-like behavior,
cognitive dysfunction, and anhedonia - in pre-clinical and clini-
cal populations (Dantzer et al., 2008; McAfoose and Baune, 2009;
Miller et al,, 2009). The involvement of PICs in the development of
depression-like behavior is often referred to as the cytokine model
of depression (Dantzer et al, 2008; McAfoose and Baune, 2009;
Miller et al, 2009).The neurcinflammatory state is associated
with neurotransmitter dysfunction [e.g., reductions in serotonin

(5-HT), as well as neurotoxic levels of ghatamate (GLU) and tryp-
tophan catabolites], reduced hippocampal (HC) neuroplasticity
|e.g.. neurogenesis, synaptic plasticity, and long-term potentiation
(LTP)), oxidative stress, and ghacocorticoid msensitivity (Dantzer
et al., 2008; Miller et al., 2009; Eyre and Baune, 2012¢; Leonard
and Maes, 2012; Moylan et al., 2012).

A variety of novel neuroimmune mechanisms may also be
involved in the development of depression-like behaviors (Eyre
and Baune, 2012¢; Littrell, 2012). Cellular immune factors inclade
various T cells [eg., CD4+CD25+ T regulatory cells (T regs),
CNS-specific autoreactive CD4+ T cells] and macrophages (e.g.,
M2-type blood-derived macrophages) involved in the model of
protective immunosurveillance (Schwartz and Shechter, 2010ab;
Martino et al, 201 1; Ron-Harel et al, 2011). These nearoprotective
immune cells - found to release neurotrophic factors and anti-
inflammatory cytokines (AICs; Schwartz and Shechter, 2010ab;
Martino et al., 2011; Ron-Harel etal,, 201 1) - may be dysfunctional
in the disease state (Schwartz and Shechter, 2010b). Moreover, the
function of immunomodulatory proteins such as CX3CLI (aka
fractalkine; Rogers et al., 2011; Corona et al., 2012; Gmnti et al.,
2012), insulin-like growth factor-1 (IGF-1; Park et al., 201 12), and
CD 200 (Lyons et al., 2007; Ojo et al., 2012) may be reduced.

In dinical studies, PA has shown efficacy in the treatment of
MDD (Rimer et al,, 2012), schizophrenia (SCZ:; Knochel et al.,
2012), anxiety-based disorders (Asmundson et al., 2013), and in

Fabruary 2013 | Volume 4 | Artide 3| 1

“PA appears to increase the following
factors: interleukin (IL)-10, IL-6 (acutely),
macrophage migration inhibitory factor,

central nervous system-specific
autoreactive CD4+ T cells, M2 microglia,
quiescent astrocytes, CX3CL1, and
insulin-like growth factor-1. On the
other hand, PA appears to reduce
detrimental neuroimmune factors such
as: Th1/Th2 balance, pro-inflammatory
cytokines, C-reactive protein, M1
microglia, and reactive astrocytes.”
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Unknown
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FIGURE 2 | Physical activity in depression: antidepressant via
enhancing the beneficial effects of the neuroimmune system. This
figure illustrates the effects of PA on the brain as per the balance
between beneficial and detrimental effects of neuroimmune factors.
PA appears to enhance the beneficial effects of the neuroimmune

1 Neuroprotective PIC function: IL-6
1 Immune cells: CNS-specific autoreactive

1 Glia: M2 microglia, quiescent astrocytes

T Immunomodulatory factors:
CX3CLI1, IGF-1

Detrimental

| PICs: Th1/Th2; IL-6, TNF-a (via R1),
IL-1p; CNS and peripheral (e.g. visceral
fat)

| Glia: M1 microglia, reactive
astrocytes

system and reduce the detrimental effects. From a behavioral
perspective, this may lead to reduced depression-like behaviors. From a
clinical perspective, this may lead to reduced depressive symptoms,
depressive episode resolution, and reduced relapse rates (disease
prevention).
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Sleep Drives Metabolite Clearance from the Adult Brain

Lulu Xiels, Hongyi KanglZ, Qiwu Xul, Michael J. Chenl, Yonghong Liaol,
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ABSTRACT EDITOR'S SUMMARY

The conservation of sleep across all animal species suggests that sleep serves a vital function. We
here report that sleep has a critical function in ensuring metabolic homeostasis. Using real-time
assessments of tetramethylammonium diffusion and two-photon imaging in live mice, we show
that natural sleep or anesthesia are associated with a 60% increase in the interstitial space,
resulting in a striking increase in convective exchange of cerebrospinal fluid with interstitial fluid.
In turn, convective fluxes of interstitial fluid increased the rate of B-amyloid clearance during
sleep. Thus, the restorative function of sleep may be a consequence of the enhanced removal of
potentially neurotoxic waste products that accumulate in the awake central nervous system.

“natural sleep or anesthesia are associated with a 60% increase
in the interstitial space, resulting in a striking increase in
convective exchange of cerebrospinal fluid with interstitial
fluid.....Thus, the restorative function of sleep may be a
consequence of the enhanced removal of potentially
neurotoxic waste products that accumulate in the awake
central nervous system.” 116
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Figure 1. Go with the flow
Convective glymphatic fluxes of CSF and ISF propel the waste products of neuron

metabolism into the paravenous space, from which they are directed into lymphatic vessels
and ultimately return to the general circulation for clearance by the kidney and liver.

Garbage Truck of the Brain
Maiken Nedergaard
Science. 2013 June 28; 340(6140): 1529-1530.
doi:10.1126/science.1240514. 119
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Metallostasis in Alzheimer's disease.

Ayton S, Lei P, Bush Al.

Florey Institute of Neuroscience and Mental Health, University of Melboume, VIC, 3010, Australia. Electronic address:
scott.aylon@unimelb.edu.au.

Abstract

2012 has been another year where multiple large scale clinical trials for Alzheimer's disease (AD) have failed to meet
their clinical endpoints. With the social and financial burden of this disease increasing every year, the onus is now on
the field of AD researchers to investigate alternative ideas in order to deliver outcomes for patients. While several major
clinical trials targeting AB have failed, three smaller clinical trials targeting metal interactions with Ap have all shown
benefit for patients. Here we review the genetic, pathological, biochemical and pharmacological evidence that underlie
the metal hypothesis of AD. The AD-affected brain suffers from metallostasis, or, fatigue of metal trafficking resulting in
redistribution of metals into inappropriate compartments. The metal hypothesis is built upon the triad of transition
elements: iron, copper, and zinc. The hypothesis has matured from early investigations showing amyloidogenic and
oxidative stress consequences of these metals; recently, disease related proteins: APP, tau and presenilin, have been
shown to have major roles in metal regulation, which provides insight into the pathway of neurodegeneration in AD and
illuminates potential new therapeutic avenues.
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Free Radicals

Free Radicals are highly reactive/unstable molecules containing unpaired electrons
* A Reactive Oxygen Species (ROS) is a free radical containing an oxygen molecule
— To improve stability, the free radical remove/steal electrons from stable molecules
— Propagation steps perpetuate the formation of free radicals
— Free radical excess can affect tissues, lipids, proteins and DNA
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Acc Chem Res. 2014 Aug 19;47(8):2252-9. doi: 10.1021/ar400293h. Epub 2014 May 29.
Metal lons and Intrinsically Disordered Proteins and Peptides: From Cu/Zn Amyloid-B to General Principles.
Faller P1, Hureau C, La Penna G.

# Author information

Abstract

Conspectus The interaction of d-block metal ions (Cu, Zn, Fe, etc.) with intrinsically disordered proteins (IDPs) has gained interest, partly due to their
proposed roles in several diseases, mainly neurodegenerative. A prominent member of IDPs is the peptide amyloid-B (AB) that aggregates into metal-
enriched amyloid plaques, a hallmark of Alzheimer's disease, in which Cu and Zn are bound to AB. IDPs are a class of proteins and peptides that lack
a unique 3D structure when the protein is isolated. This disordered structure impacts their interaction with metal ions compared with structured
metalloproteins. Metalloproteins either have a preorganized metal binding site or fold upon metal binding, resulting in defined 3D structure with a well-
defined metal site. In contrast, for AB and likely most of the other IDPs, the affinity for Cu(l/ll) and Zn(ll) is weaker and the interaction is flexible with
different coordination sites present. Coordination of Cu(l/Il) with AB is very dynamic including fast Cu-exchange reactions (milliseconds or less) that
are intrapeptidic between different sites as well as interpeptidic. This highly dynamic metal-IDP interaction has a strong impact on reactivity and
potential biological role: (i) Due to the low affinity compared with classical metalloproteins, IDPs likely bind metals only at special places or under
special conditions. For AR, this is likely in the neurons that expel Zn or Cu into the synapse and upon metal dysregulation occurring in Alzheimer's
disease. (ii) Amino acid substitutions (mutations) on noncoordinating residues can change drastically the coordination sphere. (iii) Considering the
Cu/Zn-AB aberrant interaction, therapeutic strategies can be based on removal of Cu/Zn or precluding their binding to the peptide. The latter is very
difficult due to the multitude of metal-binding sites, but the fast koff facilitates removal. (iv) The high flexibility of the Cu-AB complex results in different
conformations with different redox activity. Only some conformations are able to produce reactive oxygen species. (v) Other, more specific catalysis
(like enzymes) is very unlikely for Cu/Zn-AB. (vi) The Cu/Zn exchange reactions with Af are faster than the aggregation process and can hence have
a strong impact on this process. In conclusion, the coordination chemistry is fundamentally different for most of IDPs compared with the classical,
structured metalloproteins or with (bio)-inorganic complexes. The dynamics is a key parameter to understand this interaction and its potential
biological impact.
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Abstract dispersed literature, that the role

Background: The production of peroxide and superoxide is an inevitable consequence of

aerobic metabolism, and while these particular 'reactive oxygen species’ (ROSs) can exhibit a Of poo rly Iiganded iron haS been

number of biological effects, they are not of themselves excessively reactive and thus they are not

especially damaging at physiological concentrations. However, their reactions with poorly liganded th d 1 t d 1 th
iron species can lead to the catalytic production of the very reactive and dangerous hydroxyl ra er un er-appreCIa e In e
radical, which is exceptionally damaging, and a major cause of chronic inflammation.

Review: We review the considerable and wide-ranging evidence for the involvement of this paSt, and that in Combination With

combination of (su)peroxide and poorly liganded iron in a large number of physiological and indeed

pathological processes and inflammatory disorders, especially those involving the progressive pe rOXide and Su perOXide itS

degradation of cellular and organismal performance. These diseases share a great many similarities

and thus might be considered to have a common cause (i.e. iron-catalysed free radical and especially activity u n d e rp i n S th e be h avi O r Of

hydroxyl radical generation).

The studies reviewed include those focused on a series of cardiovascular, metabolic and a great many phySIOloglcaI

neurological diseases, where iron can be found at the sites of plaques and lesions, as well as studies

showing the significance of iron to aging and longevity. The effective chelation of iron by natural or .

synthetic ligands is thus of major physiological (and potentially therapeutic) importance. As systems p ro Cesses th at d eg rad e Ove r tl me .
properties, we need to recognise that physiological observables have multiple molecular causes,

and studying them in isolation leads to inconsistent patterns of apparent causality when it is the

simultaneous combination of multiple factors that is responsible.

This explains, for instance, the decidedly mixed effects of antioxidants that have been observed,
since in some circumstances (especially the presence of poorly liganded iron) molecules that are
nominally antioxidants can actually act as pro-oxidants. The reduction of redox stress thus requires
suitable levels of both antioxidants and effective iron chelators. Some polyphenolic antioxidants
may serve both roles.

Understanding the exact speciation and liganding of iron in all its states is thus crucial to separating
its various pro- and anti-inflammatory activities. Redox stress, innate immunity and pro- (and some

anti-)inflammatory cytokines are linked in particular via signalling pathways involving NF-kappaB
and p38, with the oxidative roles of iron here seemingly involved upstream of the IkappaB kinase
(IKK) reaction. In a number of cases it is possible to identify mechanisms by which ROSs and poorly 126
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An overview of this article, set out in the form of a 'mind map' [64].
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Insights into antiamyloidogenic properties of the
green tea extract (—)-epigallocatechin-3-gallate
toward metal-associated amyloid-f species
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Despite the significance of Alzheimer's disease, the link between
metslesodated amyloid-fi (m.ﬂmwdo'n-
mains unclear. To elucidate this rela al tools apable
of spedfially targeting and modulati mchl-lﬂ, ies are
necesary, along with a fund: al g of their
mechansm at the moleaslar level Herein, we i igated and

d the interacti and 'iﬁ-d!h;-nﬂ
extract, (~)-epigalio atechin-3-galk

H2R3R)-5.7-dihydroxy-2-
 Adihydro-2 H 4 3AS4ri-
hydroxybenzoste; EGCG], with metal [Cu(ll) and Zn(NJ-AS and
metakfree Afl species We found that EGCG interacted with
metal-Afl spedes and formed small, ed Af sggregates
more noticesbly than in metal-free conditions in vitro. In addi-
tion, upon incubation with EGCG, the taxicity presented by metal-
free Ap and metsl-Af was mitigated in living cells. To understand
the ivity at the mdecuar level structural insights were
obtained by ion mobility mass spectrometry §M-MSL 2D NMR
spectroscopy, and computational methods. These studies indi-
cated that (i) EGCG was bound to A monomers and dimers, gen-
erating maore compact peptide conf than those fram EGOG-
‘M i and(ﬂ m«aww--
d. Thus, we the di

were pr
Ml&ﬁﬁd!@lﬂ“ﬂﬂ#ﬂmﬁhltm
based mechansm.

amyloid § peptde | metal lone | natunl products | amyloldogenecis

brain of individuals with Alzheimer’s disease (AD) has
protein aggregates composed of mifolded anyloid- (Af)
peptides (1-4). The AP peptides are produced endogenously
through enzymatic cleavage of amyloid precurmsor protein. Af
manomers can misfold and oligomenz into vanous inermediates
before the formation and elongation of fibrils that exhibit a char-
aderstic cros—f-sheet structure (1-4). The accumulation of
aggregated Af species has been a key feature of the amyloid
cascade h s, which cites that these aggregales are pos-
sible causative agents in AD. In addition, transition metals
such as Cu and Zn, whose misregulation leads to aberrant
neuronal function, have a suggested link 10 AD pathology (1,
3-8). In vitro and in vivo studies have provided evidence for
the direct interactions of metal ions with A and their presence
within Af plaques, indicating the f ion of metal-ssociated

for mview 2, 2012)

Ap interaction have recently been prepared or identified via
rational structure-based design strategies or systematic selection
of natural ptoducu.

Naturally occurring flavonoids have been shown to interact
with amyloidogenic peptides and amest or redirect aggregation
pathways (19-26). 'l‘bese studies have mainlky been conducted
under metal-free conditions. For example, the green tea ex-
tract, (-)-epigallocatechin-3-gallate [(2R,3R)-5,7-d ihy droxy-2-
(3.A.5-tribydroxyphe nyl)-3 4-d hydro-2H-1-benzopyran-3y1 345
trihydronbemzoate; EGCG; Fig 14] is known as an antioxidative
and antrinflammatory agent for numerous human diseses
(27) and has exhibited antismyloidogenic reactivity with various
diseswe-related peptides (eg., AP, a-synuclein, islet amyloid poly-
peptide, semen- derived enhancer of virus infection) (19-21, 24,
25, 28-31). Nontoxic amorphous species were observed upon
incubation of a-synuckin or Af with EGCG in the absence of
metal jons, presumably through the direct peptide-EGCG
interactions that were 10 alter the peptide assembly
from the expected fibrillar structures in favor of an off-pathway
intermediate (20, 21). EGOG has also been shown (o restructure
preformed metalfree AP aggregates into unstructured, stable,
and nontoxic conformations (21). These observations suggest
a broad ability for EGOG to dsrupt early-stage and latestage
aggregation proosses. Although EGCG & ako bk 10 chelate
metal ions (32, 33), its influence on metal-bound A structure
and reactivity has not been fully elucidated (34).

Here, we present the ability of EGCG to modulate metal
[Cu(ll) or Zn(Il)]-induced AP aggregation to produce small,
unstructured peptide aggregates to a different extent than metal
free AP aggregation, which may translate to reduced metal-Ap
toxicity in living cells To rationalize the antiamyloidogenic re-
activity of EGOG at the molecular level, Aflinteraction properties
in the absence and presence of metal jons were investigaied by ion
mobility-mass spectromety (IM-MS) (35, 36) and 2D NMR
SPECLIOSCOpY. Om IM-MS and 2D NMR results were also sup-

lar dynamics (MD) simulstions to create
a comprehensive molecuhr—levd mechanism of EGCG action
and reactivity. The interactions of EGOG with metal-free A
monomers and dimers induced structurally compact peptide
conformations that likely led to the generation of amorphous Af

A (metal-Af) species. These metal-Af species have been
implicated in processes that could lead to neurotoxicity (e g.,
metakinduced Af aggregation and metal-Af-mediated reactive
oxygen species generation) (1, 3-8). The involvement of metal-
Af species in AD pathogenesis, however has not been clearly
elucidated. To ad our und of the potential
neurotoxicity of metal-Af species, efforts mdevdop chemical
tools capable of interacting directly with metal-Ap species
and modulating their reactivity in vitro and in biological sys-
tems are under way (1, 8-18). In particular, novel bifunc-
tional compounds that contain elements for metal chelation and
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“Thus, we demonstrate the

distinct anti-amyloidogenic
reactivity of EGCG toward
metal-AB species with a
structure based
mechanism.”

PNAS March 5, 2013 vol. 110 no.
10.pg. 3743-3748
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Curcumin Enhances Neurogenesis and Cognition in Aged
Rats: Implications for Transcriptional Interactions Related
to Growth and Synaptic Plasticity
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Abstract

d Curcumin has been demonstrated to have many neuroprotective properties, induding improvement of
cognition in humans and neurogenesis in animals, yet the mechanism of such effects remains undleac

Methodology: We assessed behavioural performance and hippocampal cell proliferation in aged rats after 6- and 12-week
curcumin-fortified diets. Curcumin enhanced non-spatial and spatial memory, as well as dentate gyrate cell prol feration as
compared to control diet rats. We also investigated mechanistic pathways that might link curcumin treatment to
increased cognition and neurogenesis via exon array analysis dmamummnmmmmm

revealed a transcriptional network interaction of genes i

Conclusions: The results suggest a neurogenssis- and
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cognition-enhancing
aged rats, which may be due to its divese effects on genes related to growth and plasticity.
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potential of prolonged curcumin treatment in

ind Cognltion in Aged Rass: Implications fior Tarao iptional

Introduction

‘The palyphenol compound curcumin & the main component of
furmeric curcuminoids derived from tumeric spice, which exhibits
many thﬂqxutic properties. Numerous studies have shown that
curcumin passesses not only anti-inflammation, andoxidatve
stress, and tumar reduction praperties [1], but ako P

ase [11], as well as several other activities. Curcumin ako may
protec against Alzheimer's disease (AD) pathology. Bath w nve
and m mw studies have shown that curcumin prevents amylaid-
beta build-up, one of pathalogical halhmrh ofAl) [12,13,14].

Despite the above b tons, und g of curcumin’s
diverse neumpmr:cm! activities is still lmed especially how
fh newronal praolderation

tion against a wide spectrum of neuradegenerative conditons in
animal models [2]. Due to its therapeutic potental, cwcumin &
currently undergoing human clinical trials for treating inflamma-
tory-Einked diseases and several types of cancer [1].

In recent years the focus has been shiffied © neuroprotective
effecs of curcumin on cognition. Epidemialogic data has shown
that regular curcumin intake may be related 1 better cogritive
function in heakthy elderly [3], while in rat modek curcumin
appears © reverse wvarious forms of cognite impairment
[4,5,6,78.9]. For example, chronic administration of arcumin
can ameliora®e age-related spatial memary deficits [10]. These
effecs may be due © curcumin’s activity on oxidative stress
[4/5,7], BONF and ERK/P38 kinase signalling pathways [6],
degradation of PKCS [10] or inkibiion of histone acetyktransfer-

@ PloS ONE | wwwplosoneoxy

Aduk neurogenesis has been suggested to be an importan even
for m-gnm fmann [15,16]. Two recent publications revealed
that d newrog: i in aduk rodent. Xu et al
found that oral administration of curcumin increased the
proliferation of hippocampal progenior cells in chraonically
stressed rats [17], while Kim et al showed that curcumin could
stimulae profiferagons of hippocampal neural progenitor cels
both at embryonic stage and aduk in mice [18]. These studies,
however, wsed relatively young animak (only several weelks old)
that have relatively high rawes of newrogenesis. Furthermore,
neither smdy investigated behaviar, which could have shed hght
on the finctional implications of curcumin-induced neurogenesis.
Thaus, it i still not clear i neurogenesis & responsible for treatmemn
effects on leaming and memory.

February 2012 | Volume 7 | bsue 2 | e31211

Conclusions: “The results
suggest a neurogenesis-
and cognition-enhancing
potential of prolonged
curcumin treatment in
aged rats, which may be
due to its diverse effects
on genes related to
growth and plasticity.”
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Review article

Butyrate, neuroepigenetics and the gut microbiome: Can a high fiber
diet improve brain health?

Megan W. Bourassa®", Ishraq Alim*®, Scott J. Bultman ¢, Rajiv R. Ratan**
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“Butyrate has been extensively studied
as a histone deacetylase (HDAC)

HIGHLIGHTS

inhibitor but also functions as a ligand

® Interest in how diet influences brain function via the gut microbiome is growing.

® Butyrate can protect the brain and enhance plasticity in neurological disease models.
* Gut microbiota produce butyrate by fermenting carbohydrates in a high fiber diet.

* Hypothesis: A high fiber diet can elevate butyrate to prevent/treat brain disorders.

for a subset of G protein-coupled
receptors and as an energy
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Keywords:
Gut-brain axis
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Butyrate

High fiber diet
Gut microbiome

As interest in the gut microbiome has grown in recent years, attention has turned to the impact of our diet
on our brain. The benefits of a high fiber diet in the colon have been well documented in epidemiological
studies, but its potential impact on the brain has largely been understudied. Here, we will review evidence
that butyrate, a short-chain fatty acid (SCFA) produced by bacterial fermentation of fiber in the colon, can
improve brain health. Butyrate has been extensively studied as a histone deacetylase (HDAC) inhibitor
but also functions as a ligand for a subset of G protein-coupled receptors and as an energy metabolite.
These diverse modes of action make it well suited for solving the wide array of imbalances frequently
encountered in neurological disorders. In this review, we will integrate evidence from the disparate fields
of gastroenterology and neuroscience to hypothesize that the metabolism of a high fiber diet in the gut
can alter gene expression in the brain to prevent neurodegeneration and promote regeneration.

© 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND
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Fig. 2. The proposed mechanisms for the neuroprotective effects of butyrate and the diseases which may benefit from butyrate treatment or a high fiber diet.
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Butyrate and Dietary Soluble FiberJ
Improve Neuroinflammation
Associated With Aging in Mice
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Aging results in chronic systemic inflammation that can alter neurcinflammation of the
brain. Specfically, microghia shift to a pro-inflammatory phenotype predisposing them to
hyperactivation upon stimulation by peripheral immune signals. It is proposed that cer-
tain nutrients can delay brain aging by preventing or reversing microglal hyperactivation.
Butyrate, a short-chain fatty acid (SCFA) produced primarily by bactenal fermentation of
fiber in the colon, has been extensively studied pharmacclogically as a histone deacety-
lase inhibdor and serves as an attractive therapeutic candidate, as butyrate has also
been shown to be anti-nflammatory and improve memory in animal modeis. In this
study, we demonstrate that butyrate can attenuate pro-inflammatory cytokine expres-
sion in microglia in aged mice. It is stil not fully understood, however, if an increase in
butyrate-producing bacteria in the gut as a consequence of a diet high in soluble fiber
ocoud affect microghal activation during aging. Adult and aged mice were fed either a
1% celluose (low fiber) or 5% inulin (high fiber) dist for 4 weeks. Findings indicate that
mice fed inulin had an altered gut microbiome and increased butyrate, acetate, and total
SCFA production. In addition, histolegical scoring of the distal colon demonstrated that
aged anmals on the low fiber diet had increased inflammatory infiltrate that was signifi-
cantly reduced in animals consuming the high fiber diet. Furthermore, gene expression
of nflammatory markers, epigenetic regulaters, and the microgial sensory apparatus
(i.e., the sensome) were altered by both diet and age, with aged animals exhibiting a
mere anti-inflammatory microglial profie on the high ficer diet. Taken together, high fiber
supplementation in aging is a non-invasive strategy to increase butyrate levels, and
these data suggest that an increase in butyrate through added soluble fiber such as
inulin could counterbalance the age-related microbiota dysbiéosis, potentially leading to
neurological benefits.

Mt SV Al MM, Lanson MA,
Mading LA Wooady JA snd

Johnison AW 20718) Butyrate srd

Dintary Solbie Fter improve
Neuroin@wmmation Assonsted
With Aging in Mica

Front, immunol. 81832,

doi: 103380 %Nmmy, 2078 018%2

Frortiers in Immunclogy

2 yrate, aging,

INTRODUCTION

During healthy aging, there is a disruption in the communication and balance between the brain
and immune system. Microglia shift to a pro-inflammatory phenotype that makes them hyper-
sensitive to signals from the peripheral immune system (1, 2). The precise mechanisms during
aging that are responsible for this detrimental transition is not known, but overproduction of the

“Taken together, high fiber
supplementation in aging is a non-
invasive strategy to increase
butyrate levels, and these data
suggest that an increase in
butyrate through added soluble
fiber such as inulin could
counterbalance the age-related
microbiota dysbiosis, potentially
leading to neurological benefits.”
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Non-digestible
nutrients

Phenolic compounds

1 Bifidobacterium spp. 1 Lactobacillus spp. 1 Collinsenlla spp. 1 Rosebunia spp.
1 Akkermansia muciniphila 1 Faecalibacterium prausnitzii 1 Bacteroides-Prevotella spp.

Targeted @ o
organs ' S
1L cells | Lipogenesis | PPARg/GPR43 1 Insulin sensitivity
Molecular 1 Tight junctions (barrier) | Inflammatory markers | Inflammatory markers | Inflammatory markers
targets 1 GLP-1, GLP-2, PYY Regulate eCB system tone
Regulation of eCB system lone Change apelinergic system tone

| Glycemia | Fat mass | Steatosis | Appetite | Lipemia
| Insulin resistance 1 Glucose tolerance | Inflammation 1 Metabolic endotoxemia
Modulation of the endocannabinoid and the apelinergic system tone

Figure 1. Effect of non-digestible nutrients with prebiotic properties on host pathophysiology related to obesity. In intervention
studies in animals and humans, non-digestible nutrients with prebiotic properties, such as inulin-type fructans, galacto-
oligosaccharides, arabinoxylan and arabinoxylan oligosaccharides derived from wheat, fungal chitin-glucan and several phenolic
compounds present in pomegranate or grapes, have been shown to change the gut microbiota composition by favouring bacteria
that confer health benefits to the host. Prebiotics reinforce the gut barrier and promote gut hormones that control appetite, glucose
homeostasis and systemic inflammation. The prebiotic approach also counteracts hepatic steatosis (lipogenesis), hepatic insulin
resistance, and adiposity by modifying gene expression at the tissue level. LPS = lipopolysaccharide, APJ = apelin receptor, eCB
= endocannabinoid.

Gut microbiota controls adipose tissue expansion, gut barrier and glucose metabolism: novel insights
into molecular targets and interventions using prebiotics
Beneficial Microbes, March 2014; 5(1): 3-17
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Review Paper

N-acetylcysteine in psychiatry

: current therapeutic

evidence and potential mechanisms of action

Olivia Dean, BSc, PhD; Frank Giorlando, MBBS, BMedSc;
Michael Berk, MBBCh, MMed(Psych), PhD

Dean, Berk — Mental Health Research Institute, Parkville; Dean, Giorlando, Berk — Department of Clinical and Biomedical
Sciences, Barwon Health, University of Melboumne, Geelong; Berk — Youth Health Orygen Research Centre, Parkvile, and the
School of Medicine, Faculty of Health, Medicine, Nursing and Behavioural Sciencas, Deakin University, Geelong, Victona, Australia

There is an expancing field of research investigating the benefits of altematives to current pharmacological therapies in psychiatry.
N-acetyicysteine (NAC) is emesnging as & useful agent in the treatment of psychiatric disorders. Like many therapies, the dinical origins
of NAC are far removed from its current use in psychiatry. Whereas the mechanisms of NAC are only beginning to be understood, it is
licely that NAC is exerting benefits beyonc being a precursor 1o the antioxidant, glutathione, modulating glutamatergic, neurctropic and
inflammatory pathways. This review outlines the current Rerature regarding the use of NAC in disorders including adciction, compuisive
anc greoming discrcers, schizophrenia and bipolar cisorder. N-acetyicysteine has shown promising results in populations with these cis-
ordérs, inducing thosa in whom lreatment efficacy has previously been limited. The therapeutic potential of this acetylated amino adid is

beginning to emerge in the field of psychialric research.

Historical use of N-acetylcysteine

N-acetylcysteine (NAC) has been used as an antioddant pre-
cursor to glutathione (Fglutamyleysteinylglycine; GSH) in
the treatment of paracetamol overdose for more than
30 years.' As more is understood about the actions of NAC,
the dinical applications have also broadened. N-acetylcysteine
is now widely used as a mucolytic and in the treatment
of HIV, and it has reported efficacy in chronic obstructive
pulmonary disease and contrast-induced nephropathy.’ Spe-
cific to brain disorders, NAC has been trialled with some effi-
cacy in patients with Alzheimer disease.” The present review
will explore the role of NAC in the treatment of psychiatric
conditions and the possible mechanisms of benefit for these
disorders.

Role in oxidative homeostasis

The use of NAC in restoring GSH levels i well established
(Fig. 1). Glutathione is the primary endogenous antioxidant.
Glutathione neutralizes reactive oxygen and nitrogen species
from the cell through both direct and indirect scavenging. As

the most abundant and ubiquitous antioxidant, it is respon-
sible for maintaining the oxidative balance in the cell. This oc-
curs through both direct removal of reactive species through
the formation and breakdown of adducts and is also cata-
lyzed by glutathione peroxidase (GPx) in a nicotinamide
adenine dinucleotide phosphate (NADPH)-dependent reac-
tion. The resulting oxidized glutathione is then reduced by
glutathione reductase to begin the cycle again‘ Glial cells
contain much higher levels of GSH than neuronal cells and
support neuronal GSH production. Astrocytes release GSH
into the extracellular space and -glutamyltranspeptidase
breaks down GSH to a cysteine-glycine dipeptide and gluta-
mate. The dipeptide is hydrolyzed to glycine and cysteine,
and all 3 amino acids are then available for neuronal GSH
synthesis. Neuronal GSH production is believed to be pri-
marily mediated by astrocytic GSH release, and astrocytic
GSH production is rate-limited by cysteine and the enzyme
glutamate-cysteine ligase.*

In addition to providing cysteine for GSH production,
NAC has been shown to scavenge oxidants directly, par-
ticularly the reduction of the hydroxyl radical, -OH and
hypochlorous acid.*

Correspondence to: Or. O. Dean, Mental Health Resaarch Insstute, 155 Oak St , Parkowlie, Victoria, Australia; olniad @barwonhealth. org.au

J Psychiatry Neuroscl 2011,36(2):78-86

Whereas the mechanisms of NAC
are only beginning to be
understood, it is likely that NAC is
exerting benefits beyond being a
precursor to the antioxidant,
glutathione, modulating
glutamatergic, neurotropic and
inflammatory pathways. This
review outlines the current
literature regarding the use of NAC
in disorders including addiction,
compulsive and grooming
disorders, schizophrenia and
bipolar disorder



Reduced and
Oxidized
Glutathione

The ratio of GSSH/GSH present in the cell
is a key factor in properly maintaining the
oxidative balance of the cell, that is, it is
critical that the cell maintains high levels

of the reduced glutathione and a low
level of the oxidized Glutathione
disulfide

V-Glutamyl—Cysteinyl—GClycine

O
I
_N{-| /C _—
CH Cysteine
Sulfhydryl /CHz
Nys
Reduced Glutathione
Oxidized substrate NADP+ (B5),
Cofactors: FAD (Bz)
Se**, Cu*, Zn**
NADPH,
Reduced product FADH2

Oxidized Glutathione

Y-Glutamyl—Cysteinyl—Glycine

Cystine { S

—NH Cc—
V-Glutamyl—Cysteinyl—Glycine




Glutathione

Mitochondria

Denovo Production of Glutathione
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OXIDATIVE STRESS
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MAT Methionine
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SAM DMG
S-Adenosylmethionine MS Decrease
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Y
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Taurine sulfate \
Fat Digestion “
Neurotransmitter Amino acid "
Antioxidant PAPS
(Activated Sulfate) ,‘
Toxin x\\ s
MAT Methionine adenosyltransferase
SAHH S-Adenosylhomocysteine hydrolase Sulfated
CBS Cystathionine p-Synthase derivative
CGL Cystathionine y-lyase X= (SO.
MTHFR  Methylenetetrahydrofolate reductase in Urine

MS Methionine synthase
BHMT  Betaine homocgysteine methyltransferase

Laboratory Evaluations in Functional and Integrative Medicine textbook pg. 223
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Organixm Comprehens ive - Urine Methodaology: LC/Tandem Mass Spectroscopy, Colorimetric

Ranges: Ages 13 and over. Quintile Ranking 95%
st | 2nd ] 3d | ah ] st | Reference
Cell Requlation Markers - t t t 1 1 Interval
Neurotransmitter Metabolism Markers
(Tyrosine, Tryptophan, B6, antioxidants)
1.8 39
22 Vanilmandelate 2.3 - - > - t - 13-49
2.1 6.3
23 Homovanillate 27 - -4 : - - - 16-10.9
2.1 56
24 5-Hydroxyindoleacetate 2.8 + t *— } t i 16-98
1.9
25 Kynurenate 16 - i } - } 1 =27
4.0
26 Quinolinate 1.9 + > f : i - <=58
8.0
27 Picolinate 36 —* t } - + - 28-135
Oxidative Damage and Antioxidant Markers
(Vitamin C and other antioxidants)
0.79
28 p-Hydroxyphenyllactate 0.09 —e 1 } } + 4 <=145
" 53
29 8-Hydroxy-2-deoxyguanosine 26 i 1 +— t i - <=76
#* Units for 8-Hydroxy-2-deoxyguanosine are ng/mg creatinine.
Toxicants and Detoxification
Detoxification Indicators
{Arg, NAC, Met, Mg and antioxidants)
0.084
30 2-Methylhippurate 0.066 1 t f f —| i <=0.192
0.69
31 Orotate 0.22 —+— 1 f } i - <=1.01
6.3
32 Glu 4.0 - : } > ! : <=107
\ 0.3
33 a-Hydroxybutyrate 07 H — ) i | * - =00
59
34 Pyroglutamate GQV f f f g - 28 -88
958 2,347
35 Sulfate 1,413 - { e ; i i 690 - 2,988
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Neuroprotection by the metabolic antioxidant alpha-lipoic acid.
Packer L, Tritschler HJ, Wessel K.

«

Author information

Abstract

Reactive oxygen species are thought to be involved in a number of types of acute and chronic pathologic conditions in
the brain and neural tissue. The metabolic antioxidant alpha-lipoate (thioctic acid, 1, 2-dithiolane-3-pentanoic acid; 1,
2-dithiolane-3 valeric acid; and 6, 8-dithiooctanoic acid) is a low molecular weight substance that is absorbed from the
diet and crosses the blood-brain barrier. alpha-Lipoate is taken up and reduced in cells and tissues to dihydrolipoate,
which is also exported to the extracellular medium; hence, protection is afforded to both intracellular and extracellular
environments. Both alpha-lipoate and especially dihydrolipoate have been shown to be potent antioxidants, to
regenerate through redox cycling other antioxidants like vitamin C and vitamin E, and to raise intracellular glutathione
levels. Thus, it would seem an ideal substance in the treatment of oxidative brain and neural disorders involving free
radical processes. Examination of current research reveals protective effects of these compounds in cerebral
ischemia-reperfusion, excitotoxic amino acid brain injury, mitochondrial dysfunction, diabetes and diabetic neuropathy,
inborn errors of metabolism, and other causes of acute or chronic damage to brain or neural tissue. Very few
neuropharmacological intervention strategies are currently available for the treatment of stroke and numerous other
brain disorders involving free radical injury. We propose that the various metabolic antioxidant properties of alpha-
lipoate relate to its possible therapeutic roles in a variety of brain and neuronal tissue pathologies: thiols are central to
antioxidant defense in brain and other tissues. The most important thiol antioxidant, glutathione, cannot be directly
administered, whereas alpha-lipoic acid can. In vitro, animal, and preliminary human studies indicate that alpha-lipoate
may be effective in numerous neurodegenerative disorders.

areas alpha-lipoic acid can. In vitro, animal, and preliminary human studies
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ARTICLE INFO ABSTRACT

Article history: Alzheimer's disease (AD) is a progressive that d patient memory and
Received 16 April 2008 cognition, mmmurucanon ability with the social environment and the ability to carry out dasly activities.
Accepeed 21 April 2008 Despite h into the path of AD, a protective - particularly for the

Available online 4 July 2008
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Dementia

Treatment

Lipoic acid

Nutraceuticals

Antioxidant
Anti-inflammatory drug

early stages of disease - remains unava:hble for clinical use. In this review, we advance the suggestion that
lipoic acid (LA) may fulfil this therapeutic need. A naturally occurring cofactor for the mitochondrial enzymes
pyruvate ydroge and ate LA has been shown to have a variety of
properties which can interfere with the jon of AD. For LA increases
acetyicholine (ACh) production by activation of choline aﬂrylr.ranskrase and increases glucose uptake, thus
supplymg more acetyl-CoA for the production of ACh. LA chelates redox-active transition metals, thus
ing the f tion of hydroxyl radicals and also scavenges reactive oxygen species (ROS), thereby
increasing the levels of reduced g i In addition, LA d lates the expression of redox-sensitive
pro-inflammatory proteins including TNF and inducible nitric oxide synthase. Furthermore, LA can scavenge
lipid peroxidation products such as hydroxynonenal and acrolein. In human plasma, LA exists in an
equilibrium of free and plasma protein bound form. Up to 150 puM, it is bound completely, most likely binding
to high affinity fatty acid sites on human serum albumin, suggesting that one large dose rather than
continuous low doses (as provided by “slow release™ LA) will be beneficial for delivery of LA to the brain.
Evidence for a clinical benefit for LA in dementia is yet limited. There are only two published studies, in
which 600 mg LA was given daily to 43 patients with AD (receiving a standard treatment with choline-
esterase inhibitors) in an open-label study over an observation period of up to 48 months. W‘herus lhe
improvement in patients with moderate dementia was not fi the disease p
slowly (change in ADAScog: 1.2 points=-year, MMSE: -0.6 points~year) in patients wuh mild dementia
(ADAScog<15). Data from cell culture and animal models suggest that LA could be combined with
nutraceuticals such as curcumin, (-)-epigallocatechin gallate (from green tea) and docosahexaenoic acid
(from fish oil) to istically decrease oxidative stress, i AP levels and AP plaque load and
thus provide a combined benefit in the treatment of AD.

© 2008 Elsevier B.V. All rights reserved.
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“Data from cell culture and animal
models suggest that LA could be
combined with nutraceuticals such
as curcumin, (-)-epigallocatechin
gallate (from green tea) and
docosahexaenoic acid (from fish
oil) to synergistically decrease
oxidative stress, inflammation, AB
levels and AP plaque load and thus
provide a combined benefit in the
treatment of AD.”
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Neurohormetic phytochemicals:
low-dose toxins that induce adaptive
neuronal stress responses

Mark P. Mattson and Aiwu Cheng

Laboratory of Neurasciences, National Institute on Aging Intramural Research Program, Baltimore, MD 21224, USA

Diets rich in vegetables and fruits are associated with
reduced risk of several major diseases, including neuro-
degenerative disorders. Although some beneficial phy-
tochemicals might fu solely as dants, it is
becoming clear that many of the beneficial chemicals in
vegetables and fruits evolved as toxins [to dissuade
insects and other predators] that, at subtoxic doses,
activate adaptive cellular stress-response pathways in
a variety of cells including neurons. Examples of such
‘preconditioning’ or "‘neurchormesis’ pathways include
those involving cell-survival signaling kinases, the tran-
scription factors NRF2 and CREB, and histone deacety-
lases of the sirtuin family. In these ways, neurohormetic
phytochemicals such as resveratrol, sulforaphanes and
curcumin might protect neurons against injury and dis-
ease by stimulating the producti of ioxidant
enzymes, neurotrophic factors, protein chaperones
and other proteins that help cells to withstand stress.
Thus, as we discuss in this review, highly conserved
longevity and survival pathways in neurons are the
targets of many phytochemicals.

Neurohormesis: what it is and how it works

Hormesis refers to a process in which exposure to a low
dose of an agent that is toxic at higher doses induces a
beneficial effect on the cell or organism. The term hormesis
has been widely used in the toxicology field, where it is
defined as ‘an adaptive response characterized by biphasic
dose responses of generally similar quantitative features
with respect to amplitude and range of the stimulatory
response that are either directly induced or the result of
compensatory biclogical processes following an initial dis-
ruption in homeostasis’ [1]. This article focuses on "neure-
hormesis’, which we define as the adaptive process by
which neurons (and hence nervous systems and organisms)
respond to a moderate level of stress by enhancing their
ability to resist a more severe atress that might otherwise
be lethal or cause dysfunction or disease (Figure 1). Exam-
ples of neurohormesis include ischemic preconditioning 2]
and adaptive responses of neurons to mederate-intensity
excitatory neurotransmission 3], exercise 4] and dietary
restriction |5]. Several endogenous neurotoxic molecules
can induce neurchormesis, including nitric oxide [6], car-
bon menoxide |7], glutamate (8] and Ca®' [9).
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In most of the cases where neurohermesis has been
documented and the mechanism investigated, exposure
of neurons to the hormetic stressor results in changes in
gene expression that appear to mediate stress resistance
(Figure 1). For example, ischemic preconditioning induces
the expression of genes encoding neuroprotective
proteins including protein chaperones such as heat-shock
proteins (HSP) [10], neurotrophic factors such as brain-
derived neurotrophic factor (BDNF) [11], anti-apoptotic
proteins such as Bel-2 family members [12] and mitochon-
drial uncoupling proteins [13). Similarly, dietary restric-
tion upregulates the expression of HSP-70, BDNF and
mitochondrial uncoupling proteins [14-16]. Transcription
factors that mediate neurohormesis respenses to various
stressors include NF-xB, cAMP-response-element-binding
protein (CREB), nuclear factor E2-related factor (NFE2L2,
or NRF2) and hypoxia-inducible factor 1 (HIFL) [17-20].
Additional neurohormetic mechanisms might include mod-
ulation of the expression of proteins involved in the reg-
ulation of oxidative stress and cellular Ca“" homeostasis
121].

Health-promoting phytochemicals: an evolutionary
perspective

Why do plant cells contain so many different chemicals
that exert biological effects on organisms that ingest them?
Evolutionary considerations suggest that many of the
phytochemicals with biclogical activities that are benefi-
cial for mammals evalved as toxins that protect the plants
against insects and other damaging organisma [22]. In
contrast to motile or isms. which can pe predatars,
immobile plants discourage predators by concentrating
noxious chemicals in their leaves, flowers and roots. Plants
have been evolving and improving their natural chemical
defenses against predators for hundreds of millions of
vears, during which time they developed metabolic path-
ways to produce chemicals that target specific molecules in
the cells of insects and other organisms [23]. There are
thousands of such biopesticides', which include numerous
classes of molecular structures [22]. Examples include:
flavonoids such as rotenone and myricetin; terpenoids such
as frarnesol and camphor; alkaloids such as strychnine,
nicotine and caffeine; indoles such as indole-3-acetonitrile;
glucosinolates such as 2-peatylethyl isothiccyanate, cou-
maring such as xanthotoxin and coumarin; phenylpropa-
nols such as myristicin and eugenol; and cardenolides such

¢ & 2006 Elpasiar L3z, AU rights resarves, doi 20,100 () ting 2006 00 051

Although some beneficial phy-
tochemicals might function
solely as antioxidants, it 1s
becoming clear that many of the
beneficial chemicals in
vegetables and fruits evolved as
toxins (to dissuade insects and
other predators) that, at subtoxic
doses, activate adaptive cellular
stress-response pathways in a
variety of cells including
neurons.
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Phytochemicals
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Neuroprotection
Neurogenesis
Synaptic plasticity

l

Resistance to disease
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Case Study of 71 yo female with LOAD

/1yo presents with a diagnosis of “Alzheimer's
disease”, speech impairment and difficulty
problem solving. Husband first noted
forgetfulness 8 yrs ago. Current symptoms
started about a year and a half ago when she
began having difficulty organizing and expressing
her thoughts. On trip to France was out of her
element and was very confused.



All blood tests and brain MRI were normal
No history of head trauma, worked as hospital administrator & had
excellent verbal skills.

Eats a mediterranean diet.....no junk food
Longstanding constipation.....does not drink much water.
Eats canned tuna
Used Dristan every night 10 yrs ago and lost her sense of
smell......prone towards constipation
Can go up to 2-3 days without a BM

Retired 9 yrs ago and in retirement drank champagne & wine daily
Took Ativan 9 yrs ago for 2 yrs at night but stopped as she got AM
confusion
Began HRT at 55 yo.



NAME :
Education : Date of birth :

MONTREAL COGNITIVE ASSESSMENT (MOCA)
Sex: DATE :

VISUOSPATIAL / EXECUTIVE Copy

Draw CLOCK (Ten past eleven) POINTS
cube (3 points )
End B
Begin
[ ] [ ] I 3 (1|7
Contour Numbers Hands
_/3
el Read list of words, subject FACE | VELVET | CHURCH | DAisy | RreéD
‘must repeat them. Do 2 trials. No
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ATTENTION Read list of digits (1 digit/ sec). Subject has to repeat them in the forward order [ ] 21854
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serfal 7 subtraction starting at 100 [ 1e3 [ 186 [ 179 [ 1 [ 1s6s
4 or § correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, o correct: 0 pt _/3
LANGUAGE Repeat : | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in theroom. [ ] _/ 2
Fluency / Name maximum number of words in one minute that begin with the letter F [ ] (N2 n words) _ N
ABSTRACTION Similarity between e.g. banana - orange = fruit [ ] train -bicycle [ ] watch - ruler _ /2
DELAYED RECALL Hastorecallwords | FACE VELVET | CHURCH | DAISY | RED Paints for /s
UNCUED —
WITH NO CUE [ ] [ ] [ ] [ ] [ ] recall only
Category cue
f Multiple choice cue
OR ATIO [ ]pate [ ]Month [ ]vear [ ]oay [ ]rlace [ city /6
® Z Nasreddine MD Vorsion Novembar 7, 2004 /30

Normal226/30 | TOTAL
www.mocatest.org

Add 1 point if S 12 yr edu J

MOCA
24 out of 30
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YOUR RESULT: E4/E4

0000

The APOE E4 allele leads to an altered apolipoprotein
function associated with A clearance in the brain, which
may be a consequence of reduced ApoE protein quantity
and reduced affinity of ApoE for A binding, resulting in
impaired ApoE-mediated efflux and transport of AR across
the blood-brain barrier. Carriers of the €4 allele have been
associated with greater brain atrophy, decreased cerebral
glucose metabolism, impaired synaptic function, as well as
defective hippocampal neurogenesis.

There is a significantly increased risk associated with
development of LOAD in individuals with the APOE E4
allele. Furthermore, being a carrier of the APOE E4/E4
genotype shifts the age of onset of LOAD an average of 5
to 10 years earlier.

In E4 carriers, it is important to reduce total saturated, and
increase polyunsaturated fat intake, specifically DHA, and
increase antioxidant-rich foods. Strongly encourage
regular moderate intensity exercise and weight
management. Cessation of smoking and alcohol intake
should be advised.

IL-1:IL-1A, IL1-B & IL-1RN




IL-1:IL-1A, IL1-B & IL-1RN

YOUR RESULT: Positive

0000 [Ieee

Individuals carrying variations in IL-1A, IL-1B or IL-1RN
have a more active inflammatory response and can be
considered to have increased IL-1 activity. This has been
linked to increased risk for chronic, low-grade
inflammation and predisposition with a number of mental
health disorders.

Individuals with increased IL-1 activity are at increased risk
for neuro-inflammatory disorders, including cognitive
decline and mood disorders specifically depressive
disorder. The association is modulated by the presence of
an environmental trigger such as psycho-social stress.
Increase intake of nutrients known to inhibit secretion of
pro-inflammatory markers. These include omega 3 fatty
acids, curcumin, ginger, and phytonutrient rich foods
including certain berries that contain compounds such as
resveratrol, anthocyanins and dehydro-ascorbate.

YOUR RESULT: CC

0000 [Ieee

The C allele of this functional SNP has been associated
with raised IL-6 and CRP concentrations and has been
associated with increased risk for chronic, low-grade
inflammation.

The IL-6 C allele is associated with increased risk for
cognitive decline as well as mood disorders, especially
when exposed to psychosocial stressors and a pro-
inflammatory environment. The risk associated with the C
allele is further pronounced in smokers.

Individuals with the C allele should follow a diet to reduce
inflammation that includes increasing n-3 fatty acids,
decreasing saturated fatty acids, and increasing dietary
antioxidants. A healthy weight and avoidance of all
smoking is also imperative in managing inflammation.
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TESTS RESULT FLAG UNITS REFERENCE INTERVAL LAB

HSV 1 and 2-Spec Ab, IgG w/Rfx

HSV 1 IgG, Type Spec 32.60 High index 0.00 - 0.90
Negative <0.91
Equivocal 0.91 - 1.09
Positive >1.09

Note: Negative indicates no antibodies detected to
HSV-1. Equivocal may suggest early infection. If
clinically appropriate, retest at later date. Positive
indicates antibodies detected to HSV-1.

HSV 2 IgG, Type Spec <0.91 index 0.00 - 0.90
Negative <0.91
Equivocal 0.91 - 1.09
Positive >1.09

Note: Negative indicates no antibodies detected to
HSV-2. Equivocal may suggest early infection. If
clinically appropriate, retest at later date. Positive
indicates antibodies detected to HSV-2.

Trans. Growth Fact. beta 1% 1986 pg/mL 867 - 6662
The result is reported in pg/mL. The assay range is
approximately 98 to 400,000. The reference range for a
healthy population is 867-6662. However it should be noted
that these ranges are obtained from a limited population
of apparently healthy adults and are not diagnostic
thresholds.
*This test was developed and its performance
characteristics determined by Viracor Eurofins. It has not
been cleared or approved by the U.S. Food and Drug

Administration.

Reverse T3, Serum 33.8 High ng/dL 9.2 - 24.1
C-Reactive Protein, Cardiac 0.18 mg/L 0.00 - 3.00
Relative Risk for Future Cardiovascular Event

Low <1.00

Average 1.00 - 3.00

High >3.00

Interleukin-6, Plasma 1.1 pg/mL 0.0 - 12.2

Results for this test are for research purposes only by the assay's
manufacturer. The performance characteristics of this product have
not been established. Results should not be used as a diagnostic
procedure without confirmation of the diagnosis by another medically
established diagnostic product or procedure.

HSV, IgM I/II Combination 0.96 High Ratio 0.00 - 0.90
Negative <0.91
Equivocal 0.91 - 1.09
Positive >1.09

Triiodothyronine (T3) 101 ng/dL 71 - 180

01

01

04

02

01

02

01

Vitamin D 19
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Glucose X3+Hb Alc+Insulin X3

Glucose, Fasting 93 mg/dL 65 - 99 01
RECEIVED ANOTHER TUBE LABELED 30 MINUTES GLUCOSE = 142 mg/dL

Glucose, 2 hour (120 min) 120 mg/dL 65 - 139 01

TESTS RESULT FLAG UNITS REFERENCE INTERVAL LAB

Hemoglobin Alc 5.4 % 4.8 - 5.6 01

Please Note: 01

Prediabetes: 5.7 - 6.4
Diabetes: >6.4
Glycemic control for adults with diabetes: <7.0

Insulin, Fasting 6.1 ulU/mL 2.6 - 24.9 01
RECEIVED ANOTHER TUBE LABELED 30 MINUTES Insulin = 28.2 ulU/
ml

Insulin, 2 hour (120 min) 34.3 ulU/mL 0.0 - 145.4 01

HNK1l (CD57) Panel

% CD8-/CD57+ Lymphs 2.6 % 2.0 - 17.0 01
This test was developed and its performance characteristics
de been cleared or approved
py the Food and Drug Admlnlstratlon

Abs.CD8-CD57+ Lymphs 36 /uL 60 - 360

This test was developed and its per @#rfCe characteristics
. ot been cleared or approved
by the Food and Drug Administration.
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Toxic Metals; Urine

TOXIC METALS

Toxic Metals; Urine

TOXIC METALS

RESULT REFERENCE | wirran RESULT REFERENCE WITHIN

uglg creat INTERVAL —— | e uglg creat INTERVAL REFERENCE | OUTSIDE REFERENCE
Aluminum (Al) 3 < 35 Aluminum (Al) 79 < 35—
Antimony (Sb) <dl < 0.2 Antimony (Sb) 0.7 < 0.2 (———
Arsenic (As) 39 < 80  fe— Arsenic (As) 45 < 80  pe—
Barium (Ba) 3.4 < 7 (— Barium (Ba) 6.9 =< 7 [—
Beryllium (Be) <dl < 1 Beryllium (Be) <dl <
Bismuth (G <di < 4 Bismuth (Bi) 0.2 < i B
Cadmium (Cd) 0.3 < 1 fe— Cadmium (Cd) 0.8 < 1 —
Cesium (Cs) 8 < 10 e Cesium (Cs) 7.3 < 10—
Gadolinium (Gd) <dl < 0.8 —
Load PD) 18 < I Gadolinium (Gd) <dl < 0.8
Mercury (Hg) 15 < 3 = Lead (Pb) 7.9 < S
Nickel (Ni) 3.9 < 10— Mercury (Hg) 44 <
Palladium (Pd) <dl < 0.3 Nickel (Ni) 3.9 < 10 —
Platinum (PY) <dl < 0.1 Palladium (Pd) <dl < 0.3
Tellurium (Te) <dl < 0.5 Platinum (Pt) <dl < 0.1
Thallium (T) 0.4 < 0.5  — Tellurium (Te) <dl < 0.5
Thorium (Th) <dl < 0.03 Thallium (T 0.5 < 0.5 f—
Tin (Sn) 0.6 < S Thorium (Th) <dl < 0.03
Tungéten (W) <dl < 0.4 Tin (Sn) 4.8 < 5 —
Uranium (V) <dl <  0.04 Tungsten W) o ” 0

Uranium ] <a < o4
RESULT REFERENCE
o ITERVAL 20 AsD uew] 150 4260
Creatinine 52.3 30- 225 — RESULT REFERENCE
mg/dL INTERVAL 25D -1SD  [wean|  +1SD_+2sD
Creatinine 45.3 30- 225 —

Baseline

SPECIMEN DATA

Comments: Result Checked.

Date Collected: 12/13/2018 pH upon receipt: Acceptable Collection Period: timed: 6 hours
Date Received: 12/15/2018 <dl: less than detection limit  Volume:

Date Completed: 12/21/2018 Provoking Agent: DMPS 500 Provocation: POST PROVOCATIVE
Method: ICP-MS Creatinine by Jaffe Method

Results are creatinine corrected to account for urine dilution variations. Reference intervals and corresponding graphs
are representative of a healthy population under non-provoked conditions. Chelation (provocation) agents can
increase urinary excretion of metals/elements. Vi3

Post Provocation with DMPS 500mg
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Hormone Testing Summary

Key (how to read the results): Sex Hormones See Pages 2 and 3 for a thorough breakdown of sex hormone metabolites

a
e(\Op USG/

&

1.80 2.3 14.0

0.2-0.7

Postmenopausal
range —p-

Estradiol(E2)

Progesterone

Testosterone
(Serum Equivalent, ng/mL)

Progesterone Serum Equivalent is a calculated
value based on urine pregnanediol.

Adrenal Hormones see pages 4 and 5 for a more complete breakdown of adrenal hormones

Total DHEA Production
e 500 3000
£ Daily Free Cortisol Pattern 5‘3'_39 If S00:3000
g_'zw 40-60 750-2000

>60 500-1200 Total DHEA Production

Elso (DHEAS + Etiocholanolone + Androsterone)
E Patient Values %"‘?an
Y129 %

60
— = : ;
Low Range (i 24hr Free Cortisol  cortisol ~ Metabolized Cortisol (THF+THE)
: Waking (A) Morning (B) Afternoon (C) Night (D) (A+B+C+D) metabolism (Total Cortisol Production)

Free cortisol best reflects tissue levels. Metabolized cortisol best reflects total cortisol production.
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Hormone metabolite results from the previous page are presented here as they are found in the
steroid cascade. See the Provider Comments for more information on how to read the results.

( Pregnenclone ) *
rl.h E O This result is a
- c weighted average
@ o of two progesterone
e metabolites (below).
m w Progesterone Is
E ] A2 L) measured indirectly
..c v n in urine.
o DHEA ——— P  DHEAS L Progesterone
- <))
(=]
1™
o,
2000 A -
v 60-200 15-50 ekt
Androstenedione Testosterone “o, Zorsgnaneciol R-Eregnanecio)
9, 'L 2
5/ e g %50 =
00 000 200 650
@1 l 180 450 @ 1s°
3.0-7.0 0.2-0.7 0.6-4.0
Etiocholanclone Androsterone CYP3A4
Estrone(El) @—> Estradiol(E2) ——p Estriol(E3)
primary estrogens (E1, E2, E3)
58 preference Sa Preference
. (androgenic)
5a-Reductase Activity 2
7] 0.89 2.60
Sa-metabolism makes androgens more potent, most o))
notably 5a-DHT is the most potent testosterone metabolite °
— = 16-OH-E1 Phase 1 Estrogen Metabolism Ratios
Age-Dependent Ranges ‘:;; F
£
Aga DHEA-S e Androsterone [LLJ )
20-39 60-750 20-39 650-1650
40-60  30-350 40-60  360-1000 £
=60 20-150 =60 200-600 [¥]
4 Patient W2z-0H [l4-OH Il16-0H
e Percentages 75.4 9.9% 14.7%
Ag. Testosterone Age Etiocholanolone =
20-39 4-14 20-39 450-1000 o Expected 60-80% 7.5-11% 13-30%
40-60 3-8 40-60 300-800 e Percentages (2-OH) (4-OH) (16-OH)
=60 2.3-6.3 =60 200-500 E
.
/ Glutathione detox
ngh QUINONE
’ 2.50 A ['L.6.50 CO ] 5.10 ).4 F1.13.10 (reactive)
methylal.lon
0.3-2.0
Methylation-activity 2 Methoxy-E1 2-OH-E1

2-Methoxy/2-OH

Methylation detox

4-OH-E1

If not detoxified, 4-OH-E1 can
bind to and damage DNA




sTRESS

Stress (or inflammation)
causes the brain to release ACTH,
which stimulates the adrenal glands Ag;g Range

Total DHEA Production

CRH

1300-3000
to make hormones 40-60 750-2000
=60 500-1200

5

Melatonin* (Waking) @3000

) Total DHEA Production
DHEA (DHEAS + Etiocholanolone + Androsterone)

2750 yA @
L6500

Metabolized Cortisol (THF +THE)
Co,‘.t’s(” Cortisol Metabolism 5 (Total Cortisol Production)

ACTH

Adrenal Gland

> More cortisone More cortisol
metabolites (THE) metabolites (THF)
\f\ NOTE: This 11b-HSD Index measures the balance of cortisol and cortisone metaboltes
o which best reflects the overall balance of active cortisol and inactive cortisone syit-mi:aw
.—m -
g‘a Daily Free Cortisone Pattern {Ez Daily Free Cortisol Pattern
£ €
: 3
High
gw l.," g‘ Patient Values "9[;‘.”
Y160 v, ‘00
80 60
Low Ra,
e “Mlt /\
Lo
o " ¥ Range Limiy
Waking (A) Morning (B) Afternoon (C) Night (D) Waking (A) Morning (B) Afternoon (C) Night (D)

conlsone interconvery (115
s
)

od
s
[4.)
220 & @ /_\ o @
h450 230

24hr Free Cortisone 24hr Free Cortisol
(A+B+C+D) (A+B+C+D)

The first value reported (Waking "A") for cortisol is intended to represent the "overnight" period. When patients sleep through the night, they
collect just one sample. In this case, the patient woke during the night and collected (see the top of the report for the times collected). We call
this value "Al" and the value from the sample collected at waking "A2." These values are used to create a "time-weighted average" to create the
"A"value. The individual values are listed here for your use:

The middle-of-the-night "Al" sample registered a cortisol value of 58.3ng/mg.

The waking "A2" sample registered a cortisol value of 53.0ng/mg.

These two values are averaged together, taking into account the amount of time each one represents, to create the "A" value of approximately
56.5ng/mg that you will see on the report.
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MYPERIOPATH 2 orRALDNA Lass
5, s

Ordering Provider
Todd LePine MD

55 Pittsfield RoadSuite 9
Lenox,MA 01240
413-637-9991

MYPERIOPATH MOLECULAR ANALYSIS OF PERIODONTAL AND SYSTEMIC PATHOGENS
Results

High Risk Pathogens Moderate Risk Pathogens

Low Risk Pathogens

107 107 107

108 108 108
—

105 — 10° —— 10°

104 — 10* 10*

108 108 108

LQ LQ LQ

B B0 @ & B O O &8 2 g o

Legend: The result graphic (above) shows the bacterial level for each of the assayed species. The vertical axis displays bacterial genome copies/milliiter in log10. The limit of
quantification (LQ) is the lowest bacteria level that can be repeatedly measured. The black lines across each colored bar are the Therapeutic Threshold

Interpretation of Results

* This result shows a combination of 2 high risk (ﬂ, M) below, and 1 moderate risk (ﬂ) pathogens above, the therapeutic threshold. High levels of
B Bare frequently part of this complex bacterial profile.

The bacterial species [l and/or B are strongly associated with chronic periodontitis, are transmissible and tissue invasive even at low amounts of
these organisms. Moreover, Bis present in 20-40% of cases of periodontitis where because it possesses proteins needed for adherence and
invasion of host cells, it can cause destruction of periodontal tissue.

The detected pathogens are also risk factors for various systemic diseases, including atherosclerosis, type 2 diabetes, arthritis, dementia and
several types of cancer. Periodontal infections involving B3 have been associated with widespread and tissue invasive diseases of the lung,
pancreas, heart, and bone. The spread of B infections is direct and often associated with abscess formation.

Treatment Considerations: to be determined by the healthcare professional

* Mechanical/Debridement: Scaling and root planing (SRP) is a mainstay of therapy to disrupt biofilm, remove plaque and debride compromised

tissue. This patient harbors a series of pathogens (B, El) that may be refractory to this treatment.

Local Antibiotics and Chemical Hygiene: As an adjunct to SRP, sub-antimicrobial doses of doxycycline hyclate lower collagenase activity and

reduce periodontal pocket depth. Altermnatively, locally delivered antimicrobial agents (LDA) including minocycline microspheres, doxycycline hyclate

in an absorbable polymer, or chlorhexidine in a gelatin matrix have been shown to decrease pocket depth modestly.

Pocket or Field Decontamination: Laser decontamination as an adjunct therapy to SRP may be beneficial in reducing probing depth and bacterial

loads. The consideration of using lasers as an adjunct to SRP is dependent on type of laser used and the particular protocol.

Chemical and Gaseous antiseptics: Chlorhexidine or Povidine iodine rinses can reduce periodontal pocket depth. Prescription tray application of

peroxide gel, as an adjunct to frequent periodontal maintenance appointments for refractory patients, demonstrated significant reductions in

bleeding on probing. Ozone is a volatile antiseptic that can disrupt microbial membranes.

Probiotics and Prebiotics: Probiotics are live, beneficial bacteria, typically administered as a food or dietary supplement. Prebiotics are

non-digestible ingredients that promote growth of commensal bacteria. Research shows that prebiotics and probiotics control the growth of

pathogens and reverse tissue destruction caused by periodontitis.

* Periodontal Surgery: For severe and/or refractory periodontitis - surgical approaches such as gum flap repairs, procedures to reduce pocket
depth, or other restorative procedures may be indicated.

Follow up Recommendations

Good periodontal health depends on compliance of a home care regimen as detailed by your healthcare provider. Daily brushing, flossing, as well
as attention to nutrition, proper rest and cessation of smoking are essential.

Follow-up testing between 6-12 weeks with MyPerioPath is recommended. Persistence of bleeding on probing is often indicative of unresolved
infection. Retesting will identify residual or refractory bacteria. Currently there is not a cure for periodontal disease, only periods of remission.

E Assessment of a patient's level of inflammation with Celsus One is valuable in deciding the frequency of patient recall and treatment.
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MYPERIOPATH

Clinical Considerations

Reason for Testing

Not Provided

Not Provided

Systemic Effects of Oral Pathogens

Cancer

Chronic gum disease,
involving (20l 7o 7ol v B
& [ is a risk factor for the
development of certain
cancers including ones
involving the pancreas,
esophagus, colon, lungs,
and the head and neck.
Additionally, untreated
gum disease is a cause of
ongoing inflammation,
which may promote the
advancing growth of
tumors.

Cardiovascular Health

Select bacteria such as
1o [ v I e [ o B i R
can leak from blood
vessels in the gums and
travel to the heart, where
cholesterol and other
lipids deposit. These
bacteria can incite
inflammation in arteries,
and if occluded, cause a
heart attack. A goal of
treatment is to minimize
the levels of these
bacteria as much and as
long as possible.

i v

Joint and
Musculoskeletz
Health

The periodontal
bacteria @, & &
are a cause of
arthritis. The oral
inflammation caused
by these bacteria also
leads to total body
inflammation which,
combined with
changes in a person's
immunity, may result
in chronic joint
diseases like
rheumatoid arthritis.

=

Dementia and

Brain Health

Recent
medical
studies point to
poor oral
health, and
high levels of
the bacteria
7ol el s JT
our gums,
increasing the
risk of
developing
dementias
such as
Alzheimer's.

E] Periodontal Classification: Not Provided
Tooth Numbers
Pocket Depths(mm)

} OrRaALDNA Laes

Q’\ Innovations in Salivary Diagnostics

T

Metabolic Health

Obesity, lack of exercise
and chronic gum
disease involving the
bacteria u. . II. B.
& [ cause chronic
inflammation,
Inflammation can
damage the pancreas
where insulin is
produced, possibly
leading to diabetes.
Also, diabetes worsens
oral health by increasing
the level of harmful
bacteria in the gums.

Medical Histor

Not Provided

Healthy Pregnancy

Bacteria associated
with gum disease,
especially 2 v v
@ and @, are
known to put a
pregnancy at risk for
pre-term birth,
decreased birth weight
and even blood
infection in the
placenta or newborn.
Every pregnant
woman should be
tested for these
harmful bacteria.

Methodology: Genomic DNA is extracted from the submitted sample and tested for 10 species-specific bacteria [Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas
ingivalis, Tf: Tannerella forsythia, Td: Treponema denticola, En: Eubacterium nodatum, Fn: Fusobacterium nucleatum/periodontium, Pi: Prevotella mtmnmdnﬁﬁmﬁsmm&
-gmm'mt!oplocuccus (Micromonas) micros, Ec: Eikenella corrodens] and 1 genus of bacteria [Cs Cupnocymphuq(! species (gingavalis, ochracea a;)ullqelﬁmmhmr
periodontal disease. The bacteria are assayed by real-time quantitative polymerase chain reacti

1000 bacteria copies per mL of collection). Cross-reactivity is possible with Leptotrichia buccalis, Fuaot)(lrtcnum hw(lsmkl Capnocytophaga qmlm\nsd and Cupnoc yt()plm()(l leadbetteri
This test was developed, and its performance characteristics determined by OralDNA Labs pursuant to CLIA requirements. This test has not been cleared or approved by the U.S. Food

and Drug Administration. The FDA has determined that such clearance or approval is not necessary

L:

x10°3
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Toxic & Essential Elements; Hair

TOXIC METALS

RESULT REFERENCE PERCENTILE
uglg INTERVAL 68" 95"
Aluminum (Al) 1.6 < 7.0 [—
Antimony (Sb) < 0.01 < 0.050
Arsenic (As) < 0.01 < 0.060
Barium (Ba) 0.82 < 2.0
Beryllium (Be) < 0.01 < 0.020
Bismuth (Bi) 0.88 < 2.0 —
Cadmium (Cd) < 0.009 < 0.050 |
Lead (Pb) 0.18 < 0.60 fwm— :
Mercury (Hg) 1.2 < _0.80 |_
Platinum (Pt) < 0.003 < 0.005
Thallium (T1) < 0.001 < 0.002
Thorium (Th) < 0.001 < 0.002
Uranium (U) 0.001 < 0.060 P
Nickel (Ni) 0.21 < _0.30 |e——
Silver (Ag) 0.10 < 0,15 |ee—
Tin (Sn) 0.08 < 0.30 [|www
Titanium (Ti) 0.37 < 0.70 |—
Total Toxic Representation —
ESSENTIAL AND OTHER ELEMENTS
RESULT REFERENCE PERCENTILE
ualg INTERVAL 25" 16" 50 84"  o7.5"
Calcium (Ca) 3660 300- 1200 [ o S——
Magnesium (Mqg) 470 35— 120
Sodium (Na) 150 20— 250
Potassium (K) 17 8- 75
Copper (Cu) 26 11- 37
Zinc (Zn) 160 140- 220
Manganese (Mn) 1.0 0.08- 0.60
Chromium (Cr) 0.34 0.40- 0.65
Vanadium (V) 0.010 0.018- 0.065
Molybdenum (Mo) <0.01 0.020- 0.050
Boron (B) 0.19 0.25- 1.5
lodine (1) 0.34 0.25- 1.8
Lithium (Li) 0.009 0.007- 0.020
Phosphorus (P) 147 150- 220
Selenium (Se) 0.32 0.55- 1.1
Strontium (Sr) 21 0.50- 7.6
Sulfur (S) 47700 44000~ 50000
Cobalt (Co) 0.045 0.005- 0.040
Iron (Fe) 12 7.0- 16
Germanium (Ge) 0.035 0.030- 0.040
Rubidium (Rb) 0.013 0.007- 0.096
Zirconium (Zr) 0.12 0.020- 0.42
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v__GI Map Stool quantitative PCR, stool test

R

Ordered by: Todd LePine, MD

Pathogens

Bacterial Pathogens Result Normal
Campylobacter <dI| <1.00e3
C. difficile, Toxin A <dI <1.00e3
C. difficile, Toxin B <dl <1.00e3
Enterohemorrhagic E. coli <dl <1.00e3
E. coliO157 <dI <1.00e3
Enteroinvasive E. coli/Shigella <dl <1.00e2
Enterotoxigenic E. coli LT/ST <dl <1.00e3
Shiga-like Toxin E. colistx1 <dI <1.00e3
Shiga-like Toxin E. coli stx2 <dl <1.00e3
Salmonella <dI| <1.00e4
Vibrio cholerae <dl <1.00e5
Yersinia enterocolitica <dlI <1.00e5
Parasitic Pathogens Result Normal
Cryptosporidium <dl <1.00e6
Entamoeba histolytica <dl <1.00e4
Giardia 3.05e2 <5.00e3
Viral Pathogens Result Normal
Adenovirus 40/41 <dl <1.00e10

Norovirus Gl/II <dl <1.00e7



Helicobacter pylori
Virulence Factor, babA
Virulence Factor, cagA
Virulence Factor, dupA
Virulence Factor, iceA
Virulence Factor, oipA
Virulence Factor, vacA
Virulence Factor, virB

Virulence Factor, virD

Result
2.8e4 High

Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative

Normal
<1.0e3

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Normal Bacterial Flora

Result Normal
Bacteroides fragilis 8.0e9 1.60e9 - 2.50e11
Bifidobacterium spp. 2.1e9 >6.70e7
Enterococcus spp. 4.3e5 1.9e5 - 2.00e8
Escherichia spp. 1.8e8 3.70e6 - 3.80e9
Lactobacillus spp. 1.9e6 8.6e5 - 6.20e8
Clostridium spp. 2.52e5 1.20e3 - 1.00e6
Enterobacter spp. 4.63e6 1.00e6 - 5.00e7
Phyla Microbiota Result Normal
Bacteroidetes 2.89%e12 8.61e11-3.31e12
Firmicutes 3.95e11 High 5.70e10 - 3.04e11
Firmicutes:Bacteroidetes Ratio 0.14 <1.00
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Opportunistic Bacteria

Additional Dysbiotic/Overgrowth Bacteria Result Normal
Bacillus spp. 6.85e3 <1.50e5
Enterococcus faecalis 1.75e3 <1.00e4
Enterococcus faecium <dl <1.00e4
Morganella spp. <dl <1.00e3
Pseudomonas spp. <dl <1.00e4
Pseudomonas aeruginosa <dl <5.00e2
Staphylococcus spp. 4.26e5 High <1.00e4
Staphylococcus aureus 2.86e0 <5.00e2
Streptococcus spp. 4.64e2 <1.00e3
Potential Autoimmune Triggers Result Normal
Citrobacter spp. <dl <5.00e6
Citrobacter freundii <dl <5.00e5
Klebsiella spp. <dI <5.00e3
Klebsiella pneumoniae 1.13e4 <5.00e4
M. avium subsp. paratuberculosis <dl <5.00e3
Prevotella copri <dl <1.00e7
Proteus spp. <dl <5.00e4
Proteus mirabilis <dl <1.00e3
Result Normal
Candida spp. <dl <5.00e3
Candida albicans <dl <5.00e2
Geotrichum spp. <dl <3.00e2
Microsporidium spp. <dl <5.00e3
Rodotorula spp. <dl <1.00e3
Result Normal
Cytomegalovirus <dl <1.00e5
Epstein Barr Virus <dl <1.00e7 168



Protozoa Result Normal
Blastocystis hominis <dl <2.00e3
Chilomastix mesnili <dl| <1.00e5
Cyclospora spp. <dl <5.00e4
Dientamoeba fragilis 1.19e3 <1.00e5
Endolimax nana <dl| <1.00e4
Entamoeba coli <dl| <5.00e6
Pentatrichomonas hominis <dl <1.00e2
Worms Result Normal
Ancylostoma duodenale Not Detected Not Detected
Ascaris lumbricoides Not Detected Not Detected
Necator americanus Not Detected Not Detected
Trichuris trichiura Not Detected Not Detected
Taenia spp. Not Detected Not Detected

Intestinal Health

Digestion Result Normal
Elastase-1 730 >200 ug/g
Steatocrit 8 <15 %

Gl Markers Result Normal
b-Glucuronidase 3168 High <2486 U/mL
Occult Blood - FIT 0 <10 ug/g
Immune Response Result Normal
Secretory IgA 5453 High 510 - 2010 ug/g
Anti-gliadin IgA 132 0-157 U/L
Inflammation Result Normal
Calprotectin 232 High <173 ug/g
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Array 3X - Wheat/Gluten Proteome Reactivity & Autoimmunity IN RANGE  EQUIVOCAL* OUT OF REFERENCE
(Normal) RANGE (ELISA Index)
Wheat IgG 095 | 03-15
Wheat IgA 0.80 0.1-1.2
Wheat Germ Agglutinin IgG 0.45 04-1.3
Wheat Germ Agglutinin IgA 0.44 0.2-11
Non-Gluten Proteins A IgG 020 0.2-2.1
Non-Gluten Proteins A IgA 0.35 02-2.1
Non-Gluten Proteins B IgG 0.29 0.2-1.9
Non-Gluten Proteins B IgA 0.42 0.2-21
Gliadin Toxic Peptides IgG 0.57 B 0.2-1.9
Gliadin Toxic Peptides IgA 0.81 0.2-1.8
Native & Deamidated Gliadin 33 IgG 0.34 0.2-1.2
Native & Deamidated Gliadin 33 IgA 0.70 0.1-1.1
Alpha Gliadin 17-mer IgG 0.21 0.1-15
Alpha Gliadin 17-mer IgA ea 0.1-1.1
Gamma Gliadin 15-mer IgG <0.50 0.5-1.5
Gamma Gliadin 15-mer IgA 0.42 0.1-1.0
Omega Gliadin 17-mer IgG 0.63 0.3-1.2
Omega Gliadin 17-mer IgA . 024 0.1-1.2
Glutenin 21-mer IgG 0.31 0.1-15
Glutenin 21-mer IgA 0.56 0.1-1.3
Gluteomorphin + Prodynorphin IgG 0.30 0.3-1.2
Gluteomorphin + Prodynorphin IgA 0.43 0.1-1.2
-Gliadin-Transglutaminase Complex IgG 0.60 0.3-1.4
Gliadin-Transglutaminase Complex IgA 1.06 0.2-15
Microbial Transglutaminase IgG B 0.63 0.2-1.8
Microbial Transglutaminase IgA 0.82 0.2-2.3
Transglutaminase-2 IgG <0.30 0.3-1.6
Transglutaminase-2 IgA 0.70 0.1-1.6
Transglutaminase-3 IgG 0.72 0.2-1.6
Transglutaminase-3 IgA 0.48 0.1-1.5
Transglutaminase-6 19G 050 02-15
ﬂlsglutaminase-ﬁ IgA 0.80 0.1-15
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Array 2 - Intestinal Antigenic Permeability Screen

Actomyosin IgA **
Occludin/Zonulin IgG
Occludin/Zonulin IgA
Occludin/Zonulin IgM
Lipopolysaccharides (LPS) IgG
Lipopolysaccharides (LPS) IgA
Lipopolysaccharides (LPS) IgM

EQUIVOCAL*

OUT OF
RANGE

REFERENCE
(ELISA Index)

0.0-20

1.63

1.56

0.2-1.5
0.1-1.8
0.1-2.1
0.1-1.6
0.1-1.8
0.1-2.0
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Analysis Result Units Reference Range Chart
Haematology *
5 Blood count
5 Leucocytes 4,62 Tsd./ul 4,00 10,40 [ *....... ]
5 Erythrocytes 4,92 Mill./ul 3,96 5,16 [ esnmia®s
5 Hemoglobin 14,6 g/dl 11,6 15,5 [ siamss *.]
5 Hematocrit + 49,20 % 35,00 45,00 [ c.iiean. *F>
5 Mcv + 100,00 f1 80,00 96,00 [ ....0... *>
5 MCH 29,70 pg 26,00 33,00 [ ...o*o.. ]
5 MCHC = 29,70 g/dl 32:00 = 36,00 <% siseivee |
5 Thrombocytes 217,00 Tsd./ul 176,00 391,00 [ «*eeennn ]
5 Differential Blood count
5 Neutroph. Granulocytes 55,40 % 40,00 75,00 [ ...*o... ]
5 Lymphocytes 33,10 % 17,00 47,00 [ ...a*oo. ]
5 Monocytes 6,10 % 4,00 12,00 [ ..*..... ]
5 Eosin. Granulocytes 1,30 % < 7,00 [ *eeunn. ]
5 Basoph. Granulocytes + 4,10 % < 2,00 [ cevcoees *>
Borrelia EliSpot *
1 Borrelia b. Full Antigen 1 sI
0-1 = negative
2-3 = weak positive
> 3 = positive
1 Borrelia b. OSP-Mix 1 sT
0-1 = negative
2-3 = weak positive
> 3 = positive
1 Borrelia burgdorferi LFA-1 1 ST
0-1 = negative
2-3 = weak positive
> 3 = positive

The results of the EliSpot tests indicate no current
cellular activities against Borrelia burgdorferi.
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Explanation of antigens:

Borrelia-burgdorferi Full Antigen: Borrelia burgdorferi B3l
reference strain (Borrelia burgdroferi sensu stricto)
Borrelia-burgdorferi Peptide-Mix: OspA from Borrelia b.
sensu stricto, Borrelia afzelii, Borrelia garinii + OspC
native + DbpA recombinant.

Borrelia-burgdorferi LFA-1 (Lymphocyte Function Antigen 1)
Own body protein + Borrelia burgdorferi sensu stricto
(shared epitope). LFAl can be associated with autoimmune
diseases: collagenosis, Rheumatoid Arthritis,

vasculitis. If positive or borderline positive look at:
ANA, CCP-antibodies, ANCA.

CD3-/CD57+ Cells

CD3-/CD56+ Flow Cytometry

T cells CD3+ (%) 71,00 % 62,00 -
T cells CD3+ (absolute) 1086 /ul 900 -
NK cells CD56+ CD3- (%) 18,98 % 6,00 -
NK cells CD56+ CD3- (absolute) 290 /ul 60 -
CD57+ NK-cells (%) 10,56 % 2,00 -
CD57+ NK-cells (absolute) - 31 /ul 100 -

The result of the CD57-cell count indicates chronic
immune-suppression, which can be caused by Borrelia
burgdorferi or other bacteria like Chlamydia pneumoniae or
Mycoplasma pneumoniae.
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Six Week Follow up Appointment

Patient has been following protocol
increased her water intake, drinking green tea, eating more
dietary fiber

avoiding all gluten, dairy, sugar, tuna,
6 months ago was fragile, problem solving diff.

Doing better now, about 20-30 % better.

going to gym and interacting with others better.
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Treatment Regimen

Start MCT oil 1 tbsp twice a day

Start Lithium Orotate 5mg/day (can go up to 25mg/day)
Start Memory Pro 2 caps twice a day

Start Melatonin 3mg QHS

Start PhytoMulti 2/day with active folate
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Start L-Lysine 500mg 3 caps twice a day

Start Turkey Tail Mushroom 2 caps BID

Start Buffered Vitamin C 2-4 grams QD

Start Therbiotic Complete 2 caps/day (all for HSV-1 and Low CD57)



DN =

@N =

Treatment Regimen

. Start GastroMend HP 3 caps TID for 2 weeks

Start Oncoplex 1 cap BID for 2 weeks
Start PeptoBismol 2 tabs TID for 2 weeks (all for H. Pylori)

. Start L-glutamine 3 grams BID

Start Glutagenics 1 heaping tsp BID
Start Quercitin Ascorbate 1/4 tsp BID (all for 1 month for leaky gut)



Treatment Regimen

1. Start Vitamin D Supreme 2 caps a day for 1 month then 1/day
2. CoQ10200mg QD
3. Start Oral Irrigator, Electric Toothbrush and Dentalcidin toothpaste

1. Decrease Estro-Gel 0.75mg/1 gram to 1 pump/day
2. Continue Progesterone 100mg/day
3. Start DHEA 10mg a day



Four Month Follow up Appointment

MSQ 13 was 40

speech 1s mildly impaired but communicating better

Physical health and disposition 1s good
doing painting now....will be starting yoga

brain fog 1s gone!
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Taken Arrived Analyzed
6/24/2019  6/27/2019 7/2/12019
Date Of Birth 9/17/1947 NA NA NA

Blood Results

Physician Name Todd LePine

W6/24/2019
HgT 0CDC Average
0Qs Average

0 2 4 6 8 10 12
Concentration of Mercury (ng/mL or ug/L)

—m Reference Ranges

esults (ng/m| QS n=1011; CDC n=1928 Percentile
6/24/2019 NA % Change | Source Range Average 50th 75th 90th 95th

Methylmercury— MeHg 8.74 NA NA Qs <0.003 to 23.3 1.95 1.2 29 154 BN

Inorganic Mercury— Hgll 0.235 NA NA Qs <0.007 to 1.75 0.139 0.10 0.19 0.32 046

Sum— HgT 8.98 NA NA CDC 0.038 to 9.96 0.833 0.7 1.7

Blood Reference Values: Quicksilver Scientific (QS) Data represents 1011 males and females that have utilized our testing. CDC data represents 1928 females, ages 16 to 49
QS blood Hg concentrations are higher that CDC because QS analyzes blood a population that already suspects mercury toxicity.

Data and Analysi: Mercury i was performed at Quicksilver Scientific, and all values are in concentrations of ng Hg per mL of blood
Urine Results Hair Results
Indication of Inorganic Mercury Excretion Ability Indication of Methylmercury Excretion Ability
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Legend
A) Average Excretion: Mercury oulput is average of above —_—
average when at a ratio of at least 375:1 HgT in hair to MeHg in
blood and 6.9:1 HT in urine to Hgll in blood
B) Below Average Excretion: Mercury oulpul is below average Urine Results (ng/mL) Hair (ng[g)
when the tissue H mparisons are below ratios mentioned above
(rod aroa) o peneons Ao below ratlos mentoned abev 6/24/2019 NA %Change 6/24/2019
Methylmercury— MeHg <0.005 NA NA NA
Inorganic Mercury— Hgll 0.019 NA NA NA
Sum— HgT 0.019 NA NA 1477
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Treatment Regimen

Start HepatoThera Forte 1 cap/day

Start Liposomal Glutathione 2 pumps BID

Start DMSA 250 mg, 2 capsules three times a day for 3
days every other week, 3 months then stop.
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COMPARISON OF TEST RESULTS
MyPerioPath - Previous Result

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens
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MyPerioPath - Current Result
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Summary of Results

. . . ) - . Previous Current
Since patient's last test on 12/11/2018: Clinical Comparison 12/11/2018|07/17/2019

* Of concern, since the last test submitted 7 months 6 Total # Bacteria Present 7
days ago, the clinical management of this patient has Total # Bacteria Above Threshold 3
resulted in 34% increase in periodontal pathogen Deepest Pocket
(burden) load.

Localized Infection

* The results show an increase in the level of the red (ﬂ, ! :

. orange (338 8 a8 complex pathogens. Generalized Infection

This increase in the bacterial level may be due to a prolonged time since the last Inflammation/Redness
testing, the failure of treatment, or changes in the patients general state of health.

Bleeding on Probing

* These results would likely not be associated with a reduction in either oral or

systemic inflammation. Consequences of high pathogenic bacteria present for Bone Loss
years and decades add significantly to the risk of life threatening diseases beyond Discharge
the mouth.

Halitosis/Malodor

* For most treatment protocols, the maximal reduction in pathogen (burden) load is .
observed when follow-up testing is performed between 6-12 weeks. This sample Not Provided
was collected at 31 weeks 1 day from the previous test.
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A follow-up test is recommended to monitor the effectiveness of current treatments and to determine the type and frequency of future care.



Seven Month Follow up Appointment

Patient 1s doing well....has some good days and
bad days, now has sparkle in her eyes...husband
says: "I have my wife back.” She can walk up and
down the mountain where they live, problem

solving and planning 1s still difficult

Now able to drive 2 hrs on her own, she 1s able to

take care of her own medications/supplements.

Rec. F/U with integrative dentist to address

periodontal disease more aggressively



Take Home Pearls










