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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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Brain—gut-microbe communication in health and disease

Swe Grenham’, Gerard Clarke™, John F Cryan' and Timothy G. Dinan™™*

Loty of NewsGesvosmrosogy, Aimantary Pharmatmo: Conmm, Lnvevsay Colpge Cont, o gl

Dap

i Payierin e Linvevainy Colege Cark, Conk,

* Dpmrimand of doatonmy: Linivevsity Colege Cor, Coct, imleag

Edited by

Srephen ) Heagal, Unrversity of
Chitfarnie ot Los Anpeies, US4
Reviowsd by

Edemn F Giracy. Uity of
Cadfarnk ot Sar Fanciaon LEA
Gawrad K, Adabbaen, AN inci deadidne
of idecical Soionces. ioce
*Lamespiordincs:

FTmothy - Dnan, Doparimant af
Feapinrirp BF Ul Covk Ursye sy
Hasaim( Witon, Cark, instand

R T & T T

Bidirectional signalling betwean the gastointestinal tract and the brain i regulated: at
neural, hormonal, and immunologcal levels. This construct is known as the brain—gut axis
and is vita| for maintaineng homeostasis, Bactenal colonzation of the intesting plays a major
rate in the post-natal development and maturation of the immune &nd endocnne sysEms
These processes ara key factors underpinning central nervous systam [CNS) signaling.
Becent research-advances have seen a tremendous impravement in owr understanding
of the scale, divarsity, end importance of the gut microbiome. This has bean reflactad in
the form of & revised nomenclature 1o the mare inclusive bram-gut-enten: mcrobicta
axts and a sustained resaarch affart to gstablish how communication along this axis con-
tributes o both normal and pathological conditions, In this review, wea will briefy discuss
the critical components of this sxis and the methodoicgical challenges that have been pre-
serited in attampts to define what constitites a normal microbiota and chart its temposal
development. Emphasis is placed an the new research narrative that confirms tha critical
inflieance of the microbiota on mood and behavior, Mechanistic insights are pravided with
examples of both neural and humoral routes through which these effects can be mediated,
The evidence. supporting 2 role far the enters flora in bram-gut axs disorders 18 expiored
with the spotlight on the clinical relevence for imtable bows! syndrame, 2 stress-related
functicnal gastrointestingl disorder, We alsa critically evaluste the therapeutic opparturi-
nis arising frarn this research and congicar in panicuiar whather targating the microbeoma
milght regrasant 3 vabd strategy for the management of CNS disorders and pandar tha
pitfalis Inberent in such an approach, Despite the considersbée challenges that e ahead,
thiz is an exciting area of research and one that is destined to remain the center of focus
far some time to coma.

Keywords: microbiote, central nervous system. enteric nervows system, initable howe! syndrome, vagus nerne,
Imflammation, probiokic, dyshiosis

INTRODUCTION communication atong this axis contributes o both normal and
Scientific endeavor is Increasingly characterired by o multidis-  pathological conditions [Rhee of al, 2009},
cplinary approach 1o the study of both health amd disense, In this review, we will briefly discuss the critical compo

MNowhere s this more evident than in the fGeld of newrogas
troenterology where the converging influence of experts across
the diverse domains of gastreenterology, psychiatry, microkiol-
ogy, pharmacology, immunology, snd behavior] neuroscience, 1o
mame bt a few, have helped shape emerging biological themes
Chicf among these i the concept of the brain-gut axis, a term
which describes the complex badirectional commuication sys-
temm that exisds between the central nervous system [CONS) and
the gastrodntestinal tract (GIT} wned which'is vital for malnein-
ing homeostasis (Cryan e O Mahony, 2001}, Spurred in part
by the discovery of Helicohacter pylori as a4 causative agent in
ulcer clseages bor ulio by other innovative research in the gas-
trointestingl sciemces { Posdol, 20000 Shanahan, 2010k), there isa
growing appreciation of the eritsenl mle played by the commensal
fcroblota, both in our general wellbelng and in the speciic func-
tsoning of the brain—gut axis. This has been reflected in the form
of a revised nomenclature to the more nclusive brain-gut-enteric
microbiota axs and a sustained research effort to establish how

nents of this axis and the methodological challenges thar have
been presented in attempts to define what constitutes a normal
microbrota and chart its termporal development. We examine the
approaches that have been taken o elucicare the impace of the
enteric microllor on this axis and vice-versa, with reference to
the previously elecidated functions of the microbiota as well as gn
evalution of exciting new data suguesting a sale for the microbioeta
in the modulation of moeod and behavion Mechanistic insights
are provided and the evidence supporting a role for the micro-
biota in discase states |s discussed. The clinical implications are
critically evaluated, therapeutic opportunities arsng from these
findings discussed and fulure perspectives are provided on this
rapidly expanding aren of nesearch.

THE BRAIN-GUT-ENTERIC MICROBIOTA AXIS

Tl general sealfolding of the brain—gui—enteric microbioi axs
includes the TS, the aeurcendocrine and neuroimemune sps-
tems, the sympathetic and parasympathetse 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?

' Dapariment of Psychialry, Colege of Medicine, University of Anizona, Tucson, AZ, US4, “John and Dovs Novion School of
Family and Consumer Sclences, University of Anzona, Tucson, AZ, LISA and *Department of Paychiatry and Behaviora!
Sciences, Emary University Schoo! of Medicine, Anlants, GA, USA

Given the manifcid ways that depression impairs Darwinian fitness, the persistence in the
human genome of risk alleles for the disorder remains a much debated mystery. Evolutlonary
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
dopression risk alleles in human populations, These [imitations warrant novel explanations for
the origin and persistence ol depression risk alleles, Accordingly, studies on risk alleles for
depression were identified using PubMed and Cvid MEDLUINE 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 Immunocloglcal 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 sssociated 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, conservalion/withdrawal behavior, hypervigilance and anorexia, By shilling ihe
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 nowvel
explanation lor how depression can be nonadaptive in the social realm, whereas its risk alleles

are nonetheless represented al provalence rates that bespeak an adaptive function,
Malecular Psychiatry advance online publication, 31 January 2012, doi10.1038/mp 2012.2

Keywords: major depression; evalution; immune; Inflammation; Infaction; genatic

Introduction

Major depression is so detrimental 1o survival and
reproduction that it is hacd o anderstand why allelic
vartants: that promote the disorder have not been
cullad from the human genoma, why in fact—far from
heing cullpd—genes that promote depression are so
commaon and numerons and appear to have actually
increased in prevalence during recent human evolu-
tionn.' T address this issue, we have doveloped a
noval theovetical framework positing that risk alleles
for depregsion originated ond hove been lorgely
retained In the humon genome because these alleles
encode for an integrated saite of immunological
antl hehavioral responses that promote host defense
against pathogens, This enhanced pathogen defense
ig accomplishod primarily via heightened innale
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immune system sctivation, which results in reducad
death from infections causes.” ™ especially in infancy
when selection pressure from infection is strongest,”
and the adapbve immune system is nol yet Rally
operational.™" A vast literature bas associated dopres-
slve symptoms ondfor mojor depressive disorder
(M) with incressed innate immune inflammatory
responses, " with mets-analyses reporting the most
conaistent findings for inceeased plasma concentra-
tions of tumar necrozis factor-z (TNF-2), interleukin-6
[IL-6], C-reactive protein and haptoglobin, ¥ Recant
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 ceuse of early mortality
end honee reproductive failure across human evolu-
Hoo "' it would be sxpocted that il deprossive
symploms were an imtegral part of a heightoned
immnelogicil response, allelic variants thal support
thia response would haove undergane strong positive
selection pressure amd thus would be both numerons
end prevalant, 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@barwonheaith.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®, Cal Song™®, George Anderson”, Piotr Gatecki'” and

Brian Leonard''

i

Abstract

It ks of considerable translational Importance whether
depression is a form of 2 consequence of sickness
behavior. Sickness behavior is 2 behavioral complex
induced by infections and immune trauma and
mediated by pro-inflammateey cytokines. It & an
adaptive response that enhances recovery by
conserving energy 1o combat acute inflammation.
There are considerable phenomenclogical simitarities
between sickness behavior and depression, for
exampie, behavioral inhibition, anorexia and weight
loss, and melancholic {anhedonia), physio-somatic
(fatigue, hyperalgesia, malalse), aroiety and
neuracognitive symptoms. in clinical depression,
however, a transition occurs 1o sensitization of
immuna-inflammatory pathways progressive damage
by oxidative and nitrosative stress to lipids, proteins,
and DMNA, and autoimmune responses directed
against self-epitopes. The latter machanisms are the
substrate of a neuroprogressive process, whereby
multiple depressive episodes cause neural tissue
damage and consequen functional and cognitive
sequelze, Thus, shared immuno-inflammatory
pathways underpin the physiclogy of sickness
behavior and the pathophysiclogy of clinical
depression explaining their partially overapping
phenomenology. Inflammation may provoke a Janus-
faced resporse with a good, acute side, generating
protective inflammation through sickness behavior
and a bad, chronic side, for example. dinical
depression, a lifelong disorder with positive feedback
loops between (neurclinflammation and (newro)
degenerative processes following less well defined
triggers.
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Keywords: depression, sickness behavior, inflamma-
tion, oxidative stress, cytokines

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 s a behavioral
complex that is typically induced by acute infections and
tissue injury in many mammalian species. The charscteris-
tic behaviaral pattern consists of malalse, hyperalgesia,
pyrexia, listlessness and disinterest in sodial 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 welght loss, failure o
concentrate, and anxiety. There ks evidence that sickness
behavior is mediated through the effects of pro-inflamma-
tory cytokines (PICs), such as 1L-1, TNFu and IL-6 [3-10].
In this context, there is abundant evidence that clinical
depression s an immuno-inflaimmatory 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 filure
to concentrate (American Psychiatric Association].
Maoreover, “vegetative symptoms” of depression, such as
anorexia, weight loss, and psychomaotor 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 GlyeA rest 15 a recently developed proton nuclear magnetic resonance (" H-NMR)
specthoscopy-based assay thae has been gainlog increased intérest as a seruin bomarker for systemnde
inflammmation, and consequently, as a pivential biomarker for cardiovascular disease (EVD) sk assesinent
The rest has ondergone mvestigation in several large eobore studies, sinee its development, o assess in
predictive value for incident CVD evenrs, CVD-gsocioted monalivy, and all-cause mormlivg Desgine

| eatitnaves by these soedics, they have oll consistently demansirmed moderate-

variation in the guaer

stronjrth. peosdtive corre sits Between baseline GRed levels, and sisadent OV event eaves and associated

mortality. These correlations wathbeld esong even after adjusong for seversl other establshed CVID nsk
factors, incloding notble inflamimawry biomarkers such as high-sensinvity Cereactive protein (hsCRP)
anl inrerleukin-a {IL-4). Compared with hsCRE which 1s 2 well-known inflammatory hiomarker for
VDD sk assessment, Crlyed has cemparable predictive value. for future CVI-related events, However,
the indications ta pursoe GlyeA testing, and its clinical uility in pitient cire management, are yet to be
determined, In this roview, we defing the Gl wst and what it “measures”, and proside a brid summany of
the findings of stuilies showing irs asocianon with incident OV paes, and CVD-relateéd martality, 5 well

as its correfation with other inflpmmatory bomarkers, namdy hCRP Finally, we highlight dye anabyical

advantages of the GleeA wet, compared with *traditonal™ inflammotoey binmorkers, while also ment ining

it cyrrrent lindtations.
Keywords: Atherodsclerosisg eoronary artery diseass; GlyeA; high-senanivine Coreactive protean (heCRP)Y

Me-glyveans: soute phase reactanms
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Iinflammation as a key driver of cardiovascular
disease (CVD)

imitial Iriggers of the in|1;||:|1|:|.'|l,|:|1'!.' caseaide ||II|,F|..':I'|_'\.':|H._5_{
atheroselerasts remaim an active area of nv 301 FR LI,
However, it is u.ldL'i} .'|£'|.'L11r|.'Ll that it starts with some

Although there was resistance when the concept was first type of endothellal injury, which allows: for LDL and

proposed in the early 1990s, it is now widely sccepted that small remnane lipoproteins to across the endotheliom,
inflammarion |l|;:_-."~ a pivotal role in the pochogenesiy of infiltrating into the intima. Within the intimal spuce,
atheroselerosis (1-31. The actoal scquence of events and these lipoproteins are subject o various modifications,

&3 Journal of Laborarory amd Precigion Medicine Al ngh:. reserved 7 Lab Preaw Med 2020507 | b che ot cerg /10,2 1T filpmn 2200808

“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.”
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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
inflammauon, irrespecuve of the trigger, macrophages are recruited to the site of mflammaton 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 producton and secretion of several so-called acure phase reactants, as well as various glycosylaton-
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 dervatives (denoted by * in the figure) contribute to the GlyeA 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

Michaal T, Treadway @,"“* Jassica A. Cooper,' and Androw H. Miler”

Inflammatory cytokines have been shown 1o have a direct effect on mesolimbic
dopaming (DA) that is associated with a reduced willingness to expend effort for
roward, To date, howover, the broader implications of this communication
between inflammation and mesoclimbic DA have yet to be oxplored. Here,
wo suggest that the metabolic demands of chronic low-grade inflammation
induce a reduction of striatal DA that in tum leads to a steepor effort-discount-
ing curve bacause of reduced perceived ability (can't) versus preference {won't)
for roward, This theorotical framework can inform how the mosolimbic DA
sysiem responds to increased immunomelabolic demands during chronic
inflammation, ultimately contributing to motivational impairments in psychiatric
and other medical disorders.

Dopamine, Effort, and the Inflammatory Reaponse

The afficiors utikzation of endrgy rescurces for goal-irectind Dehavions i Daliewed 40 Mawl Bden
& dreng lorce N e evolubonary deveiopment of the central nervous system (CNS) and its
TESpOnse 1o the arvironment |[1]. Cver the past several CSCA0SS, CuF LNGeStanding of the
nirobiological mecharssmae that govem exploratony beheedor and goal pursud has expanded
exponentisily. This wiork has revaalod a cantral rols for messimbe sgnaing of tha phyloganet-
cally conserved neurotranamitter dopamine (DA) in shaping wilingrees 1o expend energy [2-5]
of loraga B8] and the dave 10 overcoma cbstacles [1.10] in pursut of rewaeds. To dats,
heiwvdeved, the magnty of studes fave locused on The bahavoral consagquences of mesolmbic
DA gignaling within the stiatal, lmbic, and cortical frasa thst madisls wanous sspects of rome
and abnomal reward-aseking behavior. By contrast, a smaller body of work has fooused on
rputs 1o the mesolmbic DAsmic system Yom sources outsds the CHNS thal communicats
ridevang bodlly States 10 niuRnCe e reeponinity of DASIGIC niurons nd T cllculus of efion-
based decision-making

Dne amarging sounce of this extomal rogulation & inflammation. Thiee & growing apprecation
that many of the behavoral segusiss associated with infdection and the related infammatory
reaponae, induding altérabions in revward-eeasing benavior fis ocous in so-called “sicknoss

ol @ 8 Lroion o sealae
ey e

Fubrs mark &7t o it ehaiourt
g okl phoud noogores
sl peigied (0 eleraton s
minrcmeiabolc thes

bahavior), ane & St consoquincs of 1he Imeact of inflammatony cytokines on mascimbse DA, |

mignaiing [11.12]. To cate. however. the broader imcilcations of this masclmbic DA-mmuns
xS have yet 10 De fuly piorad. Hersn, we propose that mflammatory signaling mokcuies
play a ortical rols In communicating information rdevant 10 shifts in mmunhometaboliam that
Impact auniabis srergy resoUces in e Dody - 8 pronequests for the mascimbic DA system 1o
pererals accurale estmates of epected value of rivard and guide effort location ano energy
expandiure, This function may have onginated durng vokion 22 & maans Of uponessng
exploratony behmior and shifting energly eaowrons 10 the immune system for fighting irfsction
and healng wounds it an ancestral emaronmant mie with paihogens and precators [13,14),
Nevertholess, wo suggest thal, in the modem word, communication batveon the immuns
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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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and pain.
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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- plagues, 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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Inflammation, Glutamate,
and Glia in Depression:
A Literature Review

By Leah McMally, BS, Zubin Bhogwagar, MD, PhD,
and Jonas Haonnestad, MD, PhD
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FIGURE 1.
Tryptophan, kynurenine, and quinolinic acid’

Neuroplasticity Neurotoxicity

* 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 paroxeting, are, therefore, efficacious in treating depression caused by IFN-«. The word neurotoxicity denate consequences of excess
excitatory amino acid levels, however, neurotoxicity has not been unequivocally demonstrated in depression.

NMDA=N-methyl-o-aspartate; Th=T helper cell; IL=interleukin; 100=indoleamine 2,3-dioxygenase; IFN=interferon; TNF=tumar necresis factor; Rx=prescrption;
5-HIAA=S-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 *

Tnseituie of Biomedical wdd Life Sciences, University West Medical Building, University of Glasgow, Glasgow &12 800, UK

Received 17 Match 2000 “ As an NMDA receptor agonist,

quinolinic 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 followin g direct intracerebral

amino acid tryplophan into a source of intensive resesrch, with postulated roles for quinolinic acid in neurodegenerative disorders,

most especially the AIDS-dementia complex and Hunbington's disease, One of the Kvnureminegs, Kynuremie acid, has become a iNni 1 1

standard tool for use in the identification of glutamate-releasing synapses, and has been used as the parent for several groups of ad min ISt ratlon seeee There IS St rong
compounds new being developed as drugs for the treatment of epilepsy and stroke. The kynurenines represent o major success ° ° °

in translating a basic discovery nto a souree 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 ol their efTects in 1981 and 1982, This review concenlrates 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 Lid. All nghts reserved . . .

production of brain damage in
AIDS.”

Keywords: Kynurening; Kynurenic acid; Quinolinic acid; Tryprophan: Newrodegeneration: Neuroprotection: Excitotoxcity
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 FIGURE 2.
Excitatory amino acid production and removal’

Neuroplasticity Neurotoxicity
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acid

Rx: ketamine.

Endotoxin

* Glutamate and guinolinic 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 accurs is not known,

NMDA=N-methyl-o-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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N-Mathyl-d-aspartate INMDA) receptors play & variety of physiologic roles and their proper
sighaling s assential for collular homaostass. Any daruption in this pathaay, lpading to
aither anhanced or decreasad activity, may result in the manifestation of neuropsychiatnc
pathologies such as schirophrenia, mood deondaers, substance induced peychosia, Hunting-
ton's diasase, Alzhaimar's diseass, and neuropsychiatne systamee lupus aryihematosus
Here, we axplore 1he nation that the overlap in activity of 8t leest one biochemical pathwey,
ths NMWMDA recoptor pathwary, may bo the link 1o understanding the owerlap in psychatic
symptoms batwean diseases. This review intends 1o present a beoad overview of those
neuropsychiatric disorders for whech alternatons in NMDA receptor activity 18 promanent
thus suggesting that continued direction of pharmaceutical intesvantion 10 this pathway
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may presant a viable option for managing Symploms.
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INTRODUCTION

Dhagnosls of paychiatric disorders i done clinically by focusing
on observable symptoma and behaviors rather than on under-
Iying paychodynamic processes of on the results of labaratory
or imaging testing. Undentanding the descriptive symptoms for
mental disorders s vital ln order w properly diagnose each pay-
chiatric disease. The instruments most commonly used to diag:
nose and categorice mental linesses, the I and Statis-
tical Manual of Mental Disorders (DSM-1V-TR) and the World
Health Organization’s Iaternational Statistical Classification of
discascs and Related Health Problems (1CD-10), focus on objec-
tive observations, without offering any discussion on the eti-
ologies for these diseases. From s molecular, biochemical, and
ullimately 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
Sympioim.

Paychotic symptoms can be present in primary psychiatric
disorders [schizophrenia, schizoaffective disorder, mood disor-
ders, subsance intenication) and in peychiatric disorders that
occur due 10 2 medical condition such as Huntington's discase
(HD), Alsheimer's discase (AD), and systemic lupus erythemato-
sus (SLEL Several meurotransmitters have been linked 1o the
development of prychatic symptoms, with dopamine and sero-
tonin being the most widely studied due to the treatment effect of

Abbreristione A4, srachulenic aoid; AR amyloud beuc Al Alrheemer's disenas
ANA, b aiir Wby 3 il 4 iemasuleprogeais ackl BFADY, bapuiar
uffertive disneder; DONIIST, Cageritive and Negerve Symprams i Schisopheenin
Tial; UM [Hagnonsic and Statistical Masmal of Mental Dimedior: DEM [V TIL
Mg anad Seasiarirsl Manusd of Ml Disssrders, Sorth -padizian, e -revisen;
GARA, ln y asnissdtyric acids HIL Hustingeen's disaas; NMEAL N - Mt ¢
mepmrone S aehitsnorindoced perhods XPSLE, srmapayrchistric svarmis lopa

P ——

blocking certain subtypes of these rrwplnriwﬂlnhptydm

discontinuation (Licherman et al. 2005). N-Methyl-o-aspartste
[WMDA) receptons have also been imphosted in the develop-
ment of peychotic symp and ate a po ] targer for the
drnhpmrﬂlnfmdlmdmmhmrhtﬁnm

NMOA RECEFTORS IN NEUROPSYCHIATRIC DISORDERS

meﬂnmmwmadmdﬂwmmp
tor that when sctivated, mediate excitatory neurotransmission
mmufnmsd:fhﬂﬂﬁmnmdulm;h“ through the
channel. They are abundantly end ubiqui y located through-
MMMMMWNM!MM&mw
plasticity and memory functhon [Strphemion o sl 2008 Li and
11|rn_:fm].ﬂw1mlcﬁnhdbybhlﬁqlh:w-m|ﬂnh-
mate and glycine, in addition to expossre o a positive change in

heterotetramers are generally formed 1" dimer of dimens”
mudnnhmnldmmnvmnmﬂrmupdl-uﬂmhdndhg
NRI subunits end two gl & NR2 pubyni Iﬁﬂﬂl'r
(Dongen, 2009). mhhﬂl bt is 4 ] oy

mchrmuimdmcmmph.dn;muhlhllh!\'lznb-
units may be interchangeable with either one or two NR3 subunits
[Scholer et al , 2008),

The NMDA receptor b known w play an integral role in
the eegulation of signal trensduction in multiple reglons of the
brain. Accordingly, any b ic dysfunction of NMDA recep-
tor activity has the polential to resalt in & variety of pathalogies.
Previous authors have found s particularly high concentration of

post-synaptic NMDA - in Embic str [ Kretschmer
1995; Thapaicis and Travis, 2007), which is of uttermont imponance
in the pathogenesis of many psychiatric disorders

wower framiersin org

Jurw JOTH [viphurrn & | dow 5210

“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.”

29



8

CASE REPORT
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in a patient with a 7-year history of being
diagnosed as schizophrenia: complexities

in diagnosis and treatment
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Abstract: Anti- N-methyl-D-aspariase receptor (WMDAR) encephalitis in a form of miotmeune
encephalitis associaied with antibodies against the NR 1 subunits of NMDARs. Although new-
onset acule prominent psychothc syndromes in patkents with NMDAR encephalitls have been
well documented, there i a lack of casc studies on differcotial diagnosis and treatment of anti-
NMDAR encephalitis after a long-term dingnostic history of functional psychotic disorders.
The presert study reports an unusual ease of unti-NMDAR encephalitis, The patient had been
diagnesed with schirophrenin 7 years earlier, and wm currenily hospitalized for sczle-omset
peychintric symptomns. The diagnosis became unclear when the initial peychosis was confounded
with considerntions of other newrotoxicities (such as neurleptic malignant syndrome), Finally,
identification of specific immunoglobulin G WR1 sutoantibodies in the cercteospingl floid and
greater effectivencas of immunotherapy over uulpaychm:ﬂq]m {which kas been well docu-
mented in anti-NMDAR encephalitia) indheated the &i of antl-NMDAR encephalstis in this
casc. Based on the available cvidence, however, the relationship between the newly diagnosed
anti-NMDAR encephalitis and the seermingly clear, long-lerm history of schirophrenia ia the
preceding 7 years is uncertain. This case report (llusirates that psychistrisis should consider
anti-NMDAR encephalitis and order tests for specific immunoglobulin G NR | sutoantibodics
in paticnis presenting with disorientstion, disturbance of consciousness, cognitive deficit, dys-
lanesia, autonomic disturbance, or rapid detenomion, even with a mmngbrﬂurhmw ofa
peychintric disorder and no specific findings on routine
or cerebrosping] fluid tests in the sarly stge of the [llnes.

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

nosis, eatmel
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Introduction
Amti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic autoimmune
disorder in which immunoglobulin (1g)G sutoantibodies recognize the GluN1 (also
termied NR1 or NR1a) subunit of NMDARs.' .-\mu:rqg 1o available stodies,” * i most
tients, development and progression of the d occurs in well-defined clinical
su,g:s The majority of patients (70%) will develop a viml prodrome with headache,
fever, nauses, vomiting, diarrhea, and'or upper respiratory tract symptoms. Within
5 days to 2 weeks, patients develop prominent psychiniric symptoms, which may
include delusions, hallucinations, mania, agitation, changes in speech, disorganiza-
tion, nd seizures. Most cases progress into an unresponsive phase with catstonic
features, including severe neurological features like seizures, movement abnormalitics,
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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.”

30



=

CASE REPORT

Anti-N-methyl-D-aspartate receptor encephalitis
in a patient with a 7-year history of being
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Abstract: Anti- N-methyl-D-aspariase receptor (WMDAR) encephalitis in a form of miotmeune
encephalitis sssociaiod with antibodies against the NR 1 subunits of NMDARs. Although new-
onset acule promisent psychotic syndromes in pathents with NMDAR encephalitis have been
well documented, there is a lack of case studies on & | diagr and tr of anti-
NMDAR encephaliis after a long-term dingnostic history of functional psychotic disorders
The present study reports an umssual case of unti-NMDAR encephalitis. The patient had been
diagnesed with schirophrenin 7 years earlier, and wm currenily hospitalized for sczle-omset
jperychintric sympiorns. The diagnosis became unclear when the initial prychosis vwas confounded
with considerntions of other newrotoxicities (such as neurleptic malignant syndrome), Finally,
identification of specific immunoglobulin G WR1 sutoantibodies in the cercteospingl floid and
greater effectivencss of immunotherapy over enfipaychotics alone (which has been well docu-
mented in anti-NMDAR encephalitia) indheated the diagnosia of antl-NMDAR encephalstia in this
casc. Based on the available cvidence, however, the relationship between the newly diagnosed
anti-NMDAR encephalitis and the seermingly clear, long-lerm history of schirophrenia ia the
preceding 7 years is uncertain This case report (llustrates that psychiatriss should consider
anti-NMDAR encephalitis and order tests for specific immunoglobulin G NR1 sutoantibodies
in paticnis presenting with disorientstion, disturbance of consciousness, cognitive deficit, dys-
lanesis, sutonomic distorbance, or rapid deteriomtion, even with a seemingly clear history of &
aychintric disorder and oo speeific findings on routine neurotmaging, cloctroencephalography,
or cerebroaping] fuld tests in the carly stge of the [llness.

Keywords: anti-N-methyl-D-aspartate receptor encephalitis, schizophrenia, differential diag-
noSIE, eatment

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic sutoimmune
disorder in which immunoglobulin (1g)G sutoantibodies recognize the GluN1 (also
termied NR1 or NR1a) subunit of NMDARs.' Acconding to available studies,' * in most
puticnts, development and progression of the discase occurs in well-defined clinical
stages. The majority of patients (70%) will develop a viml prodrome with headache,
fever, nauses, vomiting, diarrhea, andfor upper respiratory tract symptoms. Within
5 days to 2 weeks, patients develop prominent psychiniric 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 abnormalitics,
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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,

and agitation, Woman are affected mare aften than men. Testing is
uged 1o confirm a diagnosis of NMDAR encephalitis and to monitor
disease progression and treatment response.

Disease Overview

Incidence

Linknown

Age of Onset

Affects all age groups, with a low prevalence in individuals =50 years

Symptoms

+ Prodromal symptoms similar to a nonspecific viral-like illness
o Low-grade fever
o Headache

= Rapid progression to other neurclagical symptoms (psychotic and
catatonic phases)
o Autonomic dysfunction (hypoventilation, tachycardia,

hypertension, hyperthermia)

Cardiac dysrhythmias

Delusions, psychoses

Dyskinesia, movement disorders

Hallueinations

Memory loss

Parangia

Seizures
o Unresponsiveness

* Significant portion of patients are nanparaneoplastic
@ Ovanan teratoma is the most common tumar-related cause
o Men, women, and children without tumors have also been

diagnosed with anti-NMDAR encephalitis

9 0@ 0 0 0 0

Tests to Consider

N-methyl-D-Aspartate Receplor
Antibody, 196, Serum with Reflex
to Titer 2004221

Method: Sami-Quantitative Indirect
Flierescent Antibody

Confirm disgnosis af ant NMDAR
encepholitis

May be uped in monitonng
ireatment response in individuals
who are antibody positive

M-methyl-D-Aspartate Receptor
Antibody, 1gG, C5F with Reflex to
Titer 20057 64

Method: Semi-Quantitativis Indirect
Fluorascent Antibady

Caonfirm a diagnosis of anti-MMDAR

encephalltis

May be used in menitonng
treatment responae in individuals
who are antibody positive

Autoimmune Encephalitis
Feflexive Panel, Serurm 201 3601

Method: Semi-Quantitative indirect

Fluorescent Antibody/ Semi-Quantitative

Enzyme-Linked immuncsorbant

Ansay/Quantitative Radiolmmunoassay

Differential mvaluation of

encephalitis of unknown arigin with

subneute onset of seizures,
confusion, memory losa, and/or
behavioral change

Testing for LG and CASPR2
antibodies always performed
Panel includes NMDA receptor
antibady, VGKE antibody, GADES
aritibody, ATP4 ariti bady

For adulis and patients with
suspicien of cancer, additional
evaluation o! paranecplastic
sutoartibodies is recomméended
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Microglial Activity in People at Ultra High Risk of
Psychosis and in Schizophrenia: An [**C]PBR28

PET Brain Imaging Study

Peter 5. Bloomfield, M Sc., Sudhakar Selvaraj, M.D., Ph.D. Mattia Veronese, Ph.D., Gaia Rizzo, PhD.,
Alessandra Bertoldo, Ph.D.. David R. Owen, M.D., Ph.D., Michael AP, Blioomfield, M.D., llaria Boneidi. M.D_, Nicola Kalk. M.D..
Fedenco Turkheimer, Ph.D., Philip McGuire, M.D., Ph.D., Vincenzo de Pacla, Ph.D,, Oliver D. Howes, MD., Ph.D.

Objective: The purpose of this study was to delenming
whether microglial activity, measured using translocator-
protein positron emistion 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 inschirophrenia after controlling fior a transiocator -
specific genetic polymorphism,

Method: The authors used the second-generation radio-
ligand [**CIP8R28 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
authars also imaged a cohort of patients with schizophrenia
and matched healthy subjects for comparison. In total, 56
individuals completed the study. Al 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
eriteria 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 eytokines (8), which are also
elevated in patients with schizophrenia (9). The levels of such
peripheral markers have also been associated with reductions

&p i Advance

outcome measure was total gray matter |“CIPBR28 binding
ratio, representing microglial activity,

Rasults: [CIPBR28 binding ratic in gray matter was eievated
in ultra-high-risk participants compared with matched
compartson subjects (Cohen's d >12] and was positively
correlated with symptom severity (r=0.730). Patients with
also demonstrated elevated microglial activity
relative to matched comparison subjects (Cohen's d >1.7).

Conclusions: Microglial acthvty is elevated in patients with
schizophrenia and in parsons with subclinical symptoms who
are 3 uitra high risk of psychosis and is related to at-risk
symplom severity. These findings suggest that neuro-
inflammation s linked to the risk of psychosis and related
disorders, as well as the expression of subclinical symploms

AJP in Adance o 10 LIPS/ apnlap 2015 141015580

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 psychiatryonine arg 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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ARTICLE

Biological insights from 108
schizophrenia-associated genetic loci

Schirnphrenis Working Group of tho Peychistric Cenomics Consartium®

#ol: 10. 300R nature 1 1804

“Independent of genes expressed

Schirophrenia is a highly heritable disorder. Genetic risk is conferred by a large number of alleles, including common
alleles of small effect that might be detecied by genome - wide asseciation studies. Here we report 2 mulli-sLage schio -
phrenia genome- wide association study of ap 1o 36,589 cases and 113,075 controls, We ldentify 128 independent asso-
cintions spanning 108 conservatlvely defined loci that meel genome-wite significance, B3 of which kave nod been
previowsly reparted. Assoclatinns were enriched among genes expressed in brain, providing hin'luaiﬂl plazibility for

in brain, associations were

the findings, hlnnyﬂndirphrﬂlmyntmlhl lnmoﬂdzmﬂrd\- ul.-lwiuhhttintn-ﬂinlm:r associations at DROD2

and severnd genes involved in gh

mniemhs-ntmum mp-mn:m Uberagenis

mpmluﬂmﬂmm“mﬂhhdﬁqplmpﬂw of penes expr

In bratn, assoclations were ensiched anng genes exp
suppeort for the specubsted lnk bot

Schtseqphrenia hes a lifetime rigk of wround 1%, and is associated with
substantial bty end mrtality us well o personal and socictal oosts' |
Altsaugh pharmacologics) rrestments sre svallable far schinophrenia,
ther efficacy s poor for many patenis'. Allavailable antipeydhotic drugs
are thaught foexent their main therspewtic effects thro |:|h hlacknde of
therype 2 dopamminengic receptos”* ban, since the very ol thismech-
mnlsm over 60 vears oo, mmamlwﬂhullcdmndprmﬂd’l‘my
has b dievedoped based on other tanget molecules. Therapeutic s
Is in large part a covsequence of the fact that the paibophysiclogy of
shizeghrenia ls uRkRw :|||.-|||4|'y|||g i easses of schizophrasia i
thereluce a critical siep towards bmproving treatments and cwicomes
e thass with the disoeder.

Iigh beritability points i 4 major rale for inheriied peaetic varianes
I the aetiology of schizophrenta™. .hm.u]srllk varlaas range s fre
ipency from commos 1o exbrere ]y ran”, exlimates™ " supges! hall box
third af the genetic nsk of schizophrenia bs indexed by common alldes
prrrotyped by carrent genonse-wile ssocdstion study [GWAS) armp
Thus, GWAS Is potentially an impoctant toal foc understanding the
Iielogacal underpinnings of schivoplnenda,

Todate, around ¥ schizophrenis-assaciated loci™ = have been iden-
Eified theough GWAS, Posiulating thas sasnple size s ane of the most
imporiant limilivg Gctoo inapphving GWAS to schinophnonin, ve croted
the Schipophrenia Weridng Group of the Peychiatric Genamics C
sogtium {PGCL Osir primary aim wias 1o combing all avadable sc
phrends samples with published ar onpubliched GWAS geanotypesinio
wkingle, wystems i anahysis®, Herewe nepart the resdis of thatanalysis,
Imcluding ut least 108 mdependent geromic lod that excred gecame
wide: significance. Some of the findings support leading pathephysio-
logical by potheses of schizophrenls or tagets of therapeutic relevance,
Tt pooet of the findings prnide new insights

108 independent asociated lod

Weobinined genorme-seide genotype data from which we constrected 52
ancesiry maiched, non-overapping case-onniyol smples (48 of European
wid e of wast Afian ancestsy, 34,241 cascs anid 45504 costrols) and
3 family-hased sarmples of European ancestry {1,255 parent afecied
|2T|||fmg1g|m| {Supplesmaviary Table | and Supplementary Meihods].

A Lol e ISR sppee al Bt F e fere

ressel in tssues that hnvelnmnu‘lmnshumuun!ty
woen the immmme system and schizophrenia.

Thessr comprise the primary PO GWAS dat sat. Wi procesaid the
genosypes fram all stodies usieg undied quality comtrol procedures fol
lowed by kmpetution of SKEs aed Issertion-deletiony uwsing the 1000
Crenoanes Praject reference panel . In each sample; association festing
s conducted using inuputed marker dosages and prindpal components
{PCs) 1o comtral fior populmtion stratificatinon. The resalits were combined
using an inverse-variance wesghied fixed effecos modeF". After quality
comiml {imputation INFO soome = 006, MAT = 001, and successfully
= 20 samples}, we considered around 9.3 million variants.
ki in Fig, §, Toenable scguinion ol large sam-
ples, some groups asceriained cses via clinician diagnosis miber thana
seseanch- based asesament end pravided evidence of dhe validity of this
approach {Supplementany Information)' ', Post boc analyses novesbed
the pattern of effect sizes (or associated ocl was similar ooross diferent
assessinent methods and modes of axcertainment (Extended Dala P 1),
sufiperiing oo & prion dectsion in ndude smmples of this natane,

Forthe subset of linkage-disequilibriur- indepensdent single nucleotide
palvimoephiens (58] with P< 1% 10 “ in shie mets-anshis, we sexl
obinined resulis from deOODE penetics {151 ¥ cases and 66 23¢ controls
af Bugepesn ancestry). We define linkape- diseq sime- indepeesienl
SKP's as those with ke linkape disequilibrium {7 < 0L1) i d more s
nificanty associeted SNP within s 500k window. Given high lniage
disequilibrium in the extended major higiocompatbillly comple [ MEC)
segian spans -~ Mb, we conservatrvely inckade anly s single MHC SNP
tor gz this fosos., ThedeDODE date wene i cormbired with those
froen the primary GW AS to give o dain set of 36,589 cases and 113074
omstrali. Tn this fival arealysis, 125 linkage-disequiliveiy pperlent
SNPs exceed el genome- wide sigmilicance (P = 5 » 107") (Supplemsen-
tury Tahle 2)

Alin rete- anabynes of adher copples traits which identified luge som-
tersof commmen risk varianiz"™, the test statistic distribution fromour
GWAS deviates fram the null {Extended Data Fig. 21, This s constsent
with the proeviously docamnmemind polygenic contribntion io schinoptmesi ™,
“The deviation in the test statistics fram the oull (e = 147,
in oty slighvly Joss thai expected (o = 1.55) ender d polyjenic mesde
grven fully infoam genniypes, the corrent sample size, snd the Ede
tiene risk and herimabiiny of schisophiresia™

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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Manhattan plot showing schizophrenia associations.
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Remission of Psychosis in
Treatment-Resistant Schizophrenia
following Bone Marrow
Transplantation: A Case Report

Teuyoshi Miyacka®, Red Wake, Sadayull Hashioka, Maiko Hayashida, Arata Oh-Nishi,
Ithamuddin Abdud Azls, Munefo lnuhara, Kelko Tsuchie, Tormoko Araki, Ryosuke Arauchl,
Rostia Ananna Abdullah and Jun Honguehi

ity of Sy oA o Meocrss Fymare [ Faveesd Sy saman

The authors present the casa af a 24-yaar-oid mals with treatmeni -resistant schizophnena,
wilh prodominant severe dolusion and halicination, who recelvad bone mamow
trarsplantation [BMT) for acute rmyalod loukemia. After BMT, ha showod a rermarkabilo
maduction in paycholic symploms without! administraton of neurdlsplics. Ha also showed
drastc improvement in socal funchioning. Foliow-up evaluations 2 and 4 years after BMT
showed parsistent significant improvernant of tho paycholic stale and social functioning.
Rocont findings show that the major underdying pathogenic mechanism of schizophrenia
is immura dysroguiation. Thus, conceplualy, BMT, a coliufar therapy, that faciitates the
counteracthve procassas of alancng nflammation by immursa eguialion, cowld po-
duca banalicil clivical effects in pationts with treatmant -resstant schizophrenia. Further
Sluchos are roquined (o daling the true bonafits of BMT lor the possitlo curative traatmant
of schizophronia.

¥ i [ i, Boube rpshond bk
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BACKGROUND

Incteaskng evidence suggets a correlation between schizophrenia and immune sysiem disturbanon
Genome- wide asocistion studies for linkages with schizophrenia have revealed that the odda ratio
is frequently high in lamune-relaled reglons smong many schirophrenia- related genome loci of
patients (1-3). Although schizophrenia is reganded as 8 yndrome with different bialogical back
prounds, involvement of immane syitem disturbances could be one of the common mechaniims

The aisociation between maternal infection and neurodevelopmental disorders s long stand
ing but not without controvensy. Aller the 1964 rubells pandemic. the Incidence of schimophrenia
rose feom besa than 1% in the unexposed population to about 20% in the exposed population (4)
Subiequent sudies charting hivtoric outbreaks of u, meades. mumps, chickenpos, and palio have
revealed an association with xhuuphrrml {5). However, ot all uu:lnp'lul wivdies have rrph.q'..l.l.!\l
these sisociations (6}, The differing conchaons may stem from differences in entkmating the exposed
populstion (£). Mevesthelei, several prodpective studies following birth cabuorts (7, 5) have conadat
ently revealed an susocistion between maternal viral infeciion and peychistric disorders in affipring
and sdded olher clases of pathogens 1o the la: namely, bactersal infections— including preamaonts,
ningaitis, and toasillitis—and the parasite Toxoplasma gondii (7, %)

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

Bore Marrow Transplantation (2015) 50, 153-154; doi)D.1038/
bmt2014.221; published online & October 2014

Schisophrenis & & Wife-long disceder, utually stanting ot eardy
adulthood and consisting of remitting or chronic piychosis and
funcrional deciine,

Imummwlimﬁwump{quﬁrh
schirophvenia’ ™ More than 20 different auto-antibodies ate at
elevated Jevels in patients with schizopheenia as compared to
controli? Autcimmune diesied [AID), such & thynotosscasls,
celise disease, acquired hemolytic snaemia, interstitial Cystitis and
Sjogren’s syndrome, but ako stopic disesses, have higher
prevalence ratet among patients with scheophrenia™ The
strongest genetic asociation with schizophvenls is found in the
MHC genes, induding loci that influence immune resporaes”
Further evidence for an sutoimmune component comed lrom the
lower incidence of schizophienia in men who used glucoconicos-
teroidy for somatic diseases (odds ratio 0.521° It is unclear I
immune procedses play & key role in all patents with schizo-
phrenia, of only in = 30-40% of them """

A common characterstic of AID™ and severe allergies’ Is thew
fovourable reiponie 1o mmune ablation and rescue with SCT.
Accordingly, we [ES and DWVB} searched for transplant cases
suffering from colncident schizophrenis '*™ Mo such catei had
been discovered, but one of us (GT) retrieved the history of a
patient who developed severe piychodi after receiving a BM
tranaplant from his schirophenic brother

The patient (born 1940} had & blank pyychialric history. He was
retired, marfied and had two adult children. Al the age of &7 he
developed fatigue and skin ecchymoses, and he was diagnosed
with chionic lymphocytic leukemia [CLL and bone marmow
aplasia requiring weebly blood tramifutions. Chemotherapy [two
courses of CY), and treatment with cyclosporin A, rituxirab and
prednisglone did not improve his CLLU/splastic anemia. bn 2007 he
received an allogeneic peripheral blood SCT from one of his
brothers, who wai the only HLA-matched family member. This
brather (bom 1952) had schizophrenia since eadly adulthood and
he required trestment with multiple antipiychotic agents. Mo
other hrit-degree relatives suffered fmom schivophrenia The donor
slo had & history of Lyme diesie B yean before. Serclogy
shewed positive igG and negative IgM for Lyme disease, and PCR
wird negsative for Bomely burgdosfer] DNA, coniistent with nsctive
peior infection. The donor used doxycycline 100mg twice daily,
starting 4 days before the stem cell collection, as & wafety meature
o prevent tandmisson The patient was conditionsd with
fludarabine and CY, followed by an infution of S0x 10" CDM"
cellifig from the peripheral blood of his brother, Tacrolimis was
adminkitered to prevent GVHD. He never received steroidi, and
did not develop graft-vi-host reactions He had complete
hematologhe recovery and reached full hematopoketic chimerim
1>=97% donor cells 4 weekd after SCT). We tapered off tacrolmu
4 months sfter the SCT, becauie of decrésiing blood counts. A
few weeks later, when off wcrolimus, he developed acute
piychotic symptoma: frequent hallucinations (running commen-
tary and threatening voices), bizarre and non-birarre delutions,
and theught broadeasting with clear consciousness. Insight and

judgerient wese poor. He described his mood a2 “angry’, with & flst
affect When be developed suickdal and hormicidal eation, he was
admitted to a peychistric dinic Neutological evaluation, magnetic
resonance  imaging and  electroencephalography  reveslsd no
sbnommalitied. Exterdive medical work-up dd not reveadl metabxolc
disorders, underlying infections. snd neoplaims. Results of lhembs

nd Lyme disexie were al unremarkable He wad treated with
dsperidone 3mg and dislopram X0 mg unsuccesdully, Under the
working dugno of delirum, sl medications weee discontinued and
haloperdol 1 mg was sdmintitered, which wis not helpful sithesr
The patient's family decided for comfon care only and the
patient was kost to follow-up. He died in 2010, of unlonown cause.
The followsng differentinl dagnoses were condiderad and
damised
Deliriurm: Acute onaet of piycholic yymptoms in a &8-year-old
man after somatic dheaie However, the 4-month interval
between tanaplantation and onset of paychoals |5 atypecal
Furthermaore, discontinuation of all medication did not improve
his condition, nor could any somatic duorder be identified.
Endogenous schirophvenks The patient was genetically preda-
poied to swchizophrends, given his biother had this disease.
w,uuhmnlhagrduhum"w-w
males.'” Age of ondet i strongly comelated among affected
thwﬂﬂm:ﬁhmmﬂmmiommw
rare

Tich-barne infection transmitted through stem cefl: The stem cefl
donot had Lyme dicase B yeurs éarlier, Tranafer of Gek-boine
pathagens might have caused prychotic symptoms. However, the
donor wat Borrello IgM and PCR negative and  received
domycycline before stem cell extraction.

Therefore, adoptive tranifer of schizophrenia b the mot
appeaiing etology, not only by excludlon, but alio In view of
the increating evidence that some forms of wchizophrenia have an
autoimmune otigin. Although the traniplantsd patient fulfilly
thete criteria, & formal diagnodls was never made given hiy very
wnuswal age of onset and potentlal relation to the 5CT,

Adoptive transfer of AIDs seemi 10 be rie, &1 we are awate of
only 21 cases reported so Tar among = 200 D00 long-term sunvivors
ol allogeneic 5CTy. Stem cell donors are routinely subjecied to
complete medical examination; therefore chances sre 1mall that
AID &8 overiooked. The 21 caies include thyroidits (10 cases)'”
vitiige (31" proriasin (2.7 type | disbetes mellius (20,
colise disepie (1" thrembocytopenia (1, polyglanduls
syndrome type 0 (11 and syitemic lupus erythematosus (1)
Moseover, not only AlDi may be traniferred by SCT but alio other
immune diseases, such as allesgies ' Adoptive transfer of AIDs
and aslergles 5 thought to be medisted by trandler of donor
ymphocytes. This suggests that the subform of schizophrenia in
the patient was medated by lymphocyles

Based on this iingle case reporl. we obviouly cannot prove an
mmune pathogenedls of schizophienia However, the reporn
supports the hypotheis of immunociogical involvement in
schizopheenia pathogenesls and we fuggeit that physiclans and
patients involved in SCT take into consideration the possibility
that schirophrenia 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 ($C2) is a devastating mental disorder with poorly defined underlying molecular mechanisms, The
gut microblome 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 compaosition versus healthy controls (HCs), Several unique bacterial
taxa [e.g. Veillonellaceae and Lachnospiraceae] were assoclated with SCZ severity. A specific microbial panel
[Aerococcaceas, Bifidobacteriaceae, Brucellaceae, Pasteurellaceae, and Rikenellaceas) 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 5CZ-relevant behaviors similar to other mouse models of SCZ involving ghnmw:hypﬂum
Together, our neurachemistry and

findings suggest that the SCZ micrabiome itself can alter

Im ways that may be relevant to SCI pathology.

INTRODUCTION
Schixophrenia (SCF) i a dovastating illnes affecting approximately
0.5 to 1% of the general population worldwide (1), Previowly, re-
wearches have focuied on analysis of the human genome to delenmine
the pathogenenis of SCE (). Genome-wide association (GWAS)
analysis of 36,000 patients identified 108 susceptibility loci for SCZ
{3). However, the sdentified associations liely sccount for only about
4% ef the variance in SCZ Thus, we thould alvo seck to identify the
tole of non-human genetic factors in the onset of 5CZ

The gastroiniestinal (GI) tract is & complex ecovyatem contain-
ing a large number of retident microorganiumi (4). Recent evidence
suggests that the gut microbiota could modulate brain function and
behaviom via the "microbiots-gul-brain™ {MGH) axs (5, §). For ex-
ample, gut microbiota have been reported 1o be sssociated with al-
terations in enxiety (7), memory (4), cognition (), and locomotor
sctivity (10). Our groups cecently showed (hat modulation of gut
micrabiols using the germ-free (GF) method or antibiotics could
reault in depressive-like behavioes (11, 12). These findings highlight
the novel possibility that disturbances of gut microbiota or the MGR
axis may contribute 1o the onsel of prvchiatric disonden
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newralogic function

The relationships between the MGH atis and the SCZ are nol yet
fully undentood. Emenging clinical and preclinical studies indicate
polentis] associstions between 3 disturbed gut microbiome and SCZ
(13). Epiderniological studies have sthown that prenatal microbial in-
fection resulted in a 10- to 20-fold increased riak of developing SCZ
(14). In addition, SCZ is frequently comorhid with Gl disorders that
are charscterized by alterations of gut microbal communities (15)
In animal wudies, gut microbiota are crucial in postnatal develop-
ment and maturation of neural, immune, and endocrine systema
(16}, and these behavioral and physiological processes are frequently
impaired in patients with 3CZ (17). Thewe aforementioned studies
suggest thal disturbance of the MGH axis may be associated with
development of SCE

To address this fuue, a coliure-independent, 165 rhosomal RNA
(165 rRNA) gone wequence-based approach was wied to compare
the gut microbial communities of patients with SCZ and healthy
controls (HCs) to evaluate whether microbiotal dyiblosis was linked
with schizopheenic episodet or the severity of schizophrenic vymp
toms, Then, we transferred gut microbiota from patients with SCZ
into GF mice (o lest whether SCZ-relevant behavioral phenotypes
wete transmiiaible vis thels gut microbiome Lasi, to capture func-
tional readout of microbial activity, we performed comparative
mctagenomic and metabolomic analywes of smmples from the mice
harboring “SCZ microbiota” versus "HC microbiota™ 1o determine
the potential mechanistic pathways by which the disturbed gut micro
biota may modulate host physology and behavior.

RESULTS

Human studies

Clinical characteristics of recrulted participants

A total of 63 patients with SCZ and 89 HCx were tecrisited for this study.
There were no significant differences in age. gender, or body man
index between the two groups. All patients with SCZ were undergoing
soene sympdoms of this iliness. The Positive and Negative Syndrome

1af 11

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

controlled trial
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Objective: Immunological shnormaiities play & role in the pathophysiology of manla
and have been assoclated with relapse. Problatic organisms such as Loctobaclll and
Bifidobacteria modulate inflammation in humans and anlmal models. The trial exam-
Ined whether the administration of problotic organisms prevents psychiatric rehospl-
takzavions in patients recently discharged following hospitalization for mania,
Methods: Patients hospitalized for manda [N = 64) were randomized after discharge
o receva 24 weeks of adjunctive probeotics [Loctobacillus rhomngsus straen GG and
Bifidobactenum animalis subsp. lectis strain Bb12) or adjunctive placebo in a paraliet
two-group deskgn format The effect of restment group on Lhe risk of rehospitaliza-
thon was cculated wiing Cox regression models. The modulating effect of systemic
Inflammation was mesured employing an inflammation score bated on mmuwnoglob-
ulin levels direcled at previously defined antigens.

Results: During the 24 -week observation period there were a total of 24 rehospitali-
Zathons in the 33 individuals whao recelved placebo and elght rehospitallzations in the
33 individuals who recelved the problotics [ = 263, P = 00%). Hazard functions indi-
cated that the administration of the probiotics was assaciated with a sgnificant ad-
vantage in time to 3l psychiatric rehospitalizations (harard ratio [HR] = 0.25, 95%
confidence interval [CRO.10, .69 P = .007). Probiotic treatment also resulted in fewer
days rehospitaiized |mean B.3 va 2.8 days for placebo and problotic trestment. re-
spectively; ¥ = 5.17, P = 017). The effect of the probiotic treatment on the praven-
thon of rehospltalization was incresed In individuals with elevated bevels of systemic
inflammation st baseiineg,

Conclusion: Problotic supplementation is assoclated with a lower rate of rehospitali-
ation n patients who have been recently discharged following hospitalization for
TR,

KEYWORDS
b, i, probiotics, reboapitallzstion
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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 2 Time to first rehospitalization for the total study
population by treatment group
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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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Neuroprotective Effects of Lithium: Implications for the Treatment of
Alzheimer’s Disease and Related Neurodegenerative Disorders

0. V. Forenza,®' V. ]. R De-Pauls,*' and B. 8. O. Diniz’

"Laboratory of Neuroscience (LIM-7), Department and Institute of Peychiatry, Facslty of Medicne, Univenity of S0 Palo, 5P,
Brazil

' Department of Mental Health and National Institute of Scence and Technology, Moleculur Medicme, Faculty of Medicine, Federal
Unsversity of Mins Gerais, Belo Horsonte, MG, Brazi

ABSTRACT: Lithium is 2 well-established therapeutic option for the

acote and longterm mumagement of bipolar disorder and major I t : : i
depreagion. More recently, based on fndings frem translational o W

rescarch, lihium has alse been regarded @ 0 neuroprotective agest e

and a cndidate drog for dissase-modification I corfain  Dewro- '@\
degenerative disorders, namely, Alrheimer’s disease (AD), srpotrophic \/
lateral scderois {A.Lillndmnmllr Parlonson’s divease (FD)

The putative ctive effects of | rely on the fct that & o
mﬁdﬂﬂ:ﬂnﬂhmmﬂm\nﬂum“w — e
reiponse, sutophagy, oxdstive strems, inflammation, and mitochondrial "'__'
function. Such a wide range of intracellulsr revponses may be secondary
to two key effects, that s, the inhibition of glycogen synthase kinase-3
beta (GSK-31) and inositnl monophoephatase ([MP) by lithium. tn the
present review, we revinit the neurobiological propertica of lithium in light of the available evidence of ita meurotrophic and
newroprolective properties, and decuss the ationale foe its wse in the treatment and peevention of neurpdegenerative disesses.
KEYWORDS: Lithaon, mewrvpraection, GSK-38, autophagy, bipalar doerder, Alzhesner’s diseass, Parkimon's disease,
amyotrophic lateral schernsts

fthium salts have long bemn wed in prychistry for the ment af clasic pharmacological targets affecting neure-

treatment of severs mentd disordens.’ Currently, the main tranamission and ugnsl trasduction, These include the
mrdnﬂ]uﬂkﬂnmu!hﬁnmmhlﬂ:zmxndhn;-m modulation of cellworface receptory, the release of second-
treatment of bipolar disorder (BD) and for the adjunctive md 4 am signaling molecules, and the
hﬂmrmnfmpt*p!rumwnmmﬂlllﬁhhldmnﬂd lllhltﬁﬂﬂl effect on the activity of b ik
stabriliring properties” More recently, there has been 8 growsing ¥
body of evidence indicasing that the pewro benehis of lml,u'nﬁmunpanonlhfulrmnfuuucnpmnﬁnm

Sehstipurdmormm Jep tI;: ¥ atal s mdmwn Ma.nl'rrimlH%uam[.la)mmpﬂﬂwﬁ
chinicsl modeh, lthim treatrment bas bern swccated with bivalent magnesium (Mg™') to the similar jonic rads of these
neuroprotection, due 1o it cfects on several mechanions of cations (040 and (.65 A respectively), rendering the ability of
neuronal homeostass mvobred in the actvation of nearatrophic lithium o bind to I.tg"mlmnh siten Therefore, kthivm an
responsen, modulation of cxidstive wtrems, inflammatory inhibit & wide range of enaymes that depend an Mg™ w2
cascades, up-regulation of mitochondmal function, and other cofactor.™ The competition between lithiam and M‘:' on
speeific biological effects implicated in the pathogensis of gy substrate sites hus 2 significant influence on the sctivity of

neurodegenenative diseares voch m Alrlwmurl discasc IN“ el riabol
and smyotrophic lateral sclesosis (ALS). This article sims Yol sy '““i‘ s :‘:" ok "‘:"h'“ 7 oy
review the mechanivma by which lithium may evert |l| products; in particular, ghroogen sy 3 beta (GSK-

= et fects, and haw .w, moaitol mum:‘)l:ln'ha.e (IMP), and Ake/farvesind

delay the progression of newrobiological changes in mﬁ {Akt) are important lithien targots. Therefore, the moddfication

ve discrders. Additionally, we addren the potential of these intracellulis pathways through ensymatic inhibision b

of lithiomn as a2 discasc-modifying agent for certain pewrs-

degeoerative and clrm-nl.hs condiions. fpecial lume: Current Hypotheses of Lithiom's Mechinnm of Acton
w & Neorepawychistric Medicanien

Woceived:  Februaey 17, 2014
The pharmacological mechinimms of libium are not completely Raviaed Apnd 12, J014
undentood, but coment evidence suggests the direct involve Publiabed: Aprd 25, 2004

B NEUROBIOLOGICAL PROPERTIES OF LITHIUM
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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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Lithium and Autophagy
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ABSTRACT: Lithinm, a drag used to treat bipolar disorders, has a variety of
neuroprotective mechinisms, including autophagy regulation, in varous GoRay)
neyropsychiatrc conditions, In neurodegenerative diseases, lithium enhances n
degradation of sggregale-prone proteiny, incloding mutsted huntingtin,
phosphorylated taw, and eesynuclein, and couses damaged mitochondra to
degrade, while in a mouse model of cerebral ischemia and Altheimer’s disease
sutophagy downregulation by lithium & observed. The dgnaling pathway of
lithium as an autophagy enhancer might be associated with the mammalian
target of rapamyvin (mTOR-ndependent pathway, which s involved in myo-

Lithium

o IMPase ) -
- Asritophagndysosome

inasitol-1,45-risphosphate  (IP3) in Huntington's disease and Parkinson's
dizease. However, the mTOR-dependent pathway might be imvolved in imtubiting glycogen synthase kinage-3f8 ( GSK3) in other
diseases. Lithum's autophagy-enhancing propesty may contribute te the therapeutic benefit of patients with neuropsychlatric

disordere.

KEYWORDS: Lithium, autophagy, GSK3f IMPase, Huntingtin, c-synuiclein, fas, prion pratein

Lﬂhium has: been used dimically to wear bipolar dworders
for over half a century, and vanous nearopredective and
neurotrophic properties have been described.’ To the best of
our knowledge, Sarkar et al reported, for the first time, that
kthiums induced sutophagy to enhance the degradation of
it it ]'Innun_:;hn wvia the mTOR mer:cmﬂEm |u||'|wa_v i
motineuronal and newral precumsor cells”® Since then, several
papers have described lithnem's swtophagy regulation in various
neuropsychistric diseases such as Huntington's disease (HD),
Alehelmer’s disease [AD), Parkinson’s disease (D), prion
hisease, and dII.'I}'IJEﬂ!‘Pl‘IIE lateral sclerosis [ﬂl.S]. However, the
signaling pathway to explain lithhom's sutophagy regulation has
not been consistently described. Moreover, lithium did not
aways positively regulate autophagy in all pathelogical
conditions. ln & condition such as cerebral ischemia or AD,
Hithium has been shown to negatively regulate autophagy. In
this review, we focus on lithium's autophagy-enhancing
mechanism in various discases

I. THE BASICS OF AUTOPHAGY

I-1. Introducing Autophagy. .'\lluph.g} i the process of
“selfeating.” Under starvation. conditions, bulk autophagy can
be induced to catabolize cellular substrates to generate energy.
There are three formp of atophagy: microantophagy, macro-
wmtephagy, and chaperone-mediated sutophagy. The most
common and well undentood B macroautophagy, hereafter
referted to gmply as autophagy. For a more complete review of
antophagy, see ref 3. Autophagy conssts of four stages:
initiation, elongation, maturation, and fusson | Figore 1), This
process i anitiated by formation of a cup-shaped membrans
structure (the phagophore) in the otoplasm. The phagophore
sccumulates addiional proteing, which enaldes the membrans
15 :Iungal: and form a double-membrane bound sticture

-w ACS Publicatipns o 20 Asasion Chamic Sooery
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called an autophagosome. A portion of the cytoplaan i
enclosed i the sutophagosome aong with the cellular
components to be degraded  Autophagosomes are then
trafficked along microtubiules to the perineclear region of the
cell (where lysosomes are clustesed} to enhance the probability
of autophagosome-lysosome fusion to form autophagolyso.
somes, After Fusion with hysosomes, the protein and organelle
contents of the :.'ulnllha.gummn are dep:.led 'h?' acidic
lysosomal hydroloses and recycled Vacuolar H'ATPase (V-
ATPases) are proton pumps that reside within the lysosomal
membrane and epable acidification of the aolysosome
contents, This acidification 18 essentisl for the activation of
Iysosomal enzymes, such as cathepsins or other acid hydrolases,
which are responsible for proteolysis of the components in the
autophagolysesome.

Macroautophagy has physiological roles in both health and
disease. Upon notrient deprivation, autophagy cataboliees
cytoplasmic components nonselectively tnto bullding blocks,
such @ amimo ackds, Autophagy abo occurs constitutively at
low levels even under nuirient-rich conditions and medistes
global mrmover of cytoplasmic materials. Constitutive amaph-
agy acts as the quality-control machinery for optoplasmic
components, and B is coucial for homeostasis of varous
postmitotic eells, mch s neurons. Although this quality control
could be partially achieved by nonselective sutophagy,

Special lesae Currert Hypotheses of Lithium's Mechaniim of Adion
a8 2 Meuropsychiatric Medication

Beveiviads  February |4 20014
Revised April 16 2004
Pablished: Apeil 16 2004

i 10 O SO0 | ACT Dl Mrinei 004 3. d Mkl

“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
uglg INTERVAL 68" 95"
Aluminum (Al) 2.9 < 7.0 = o . DS
Antimony (Sh) 0.056 <
Arsenic (As) 0.035 <
Barium (Ba) 0.09 <
Beryllium (Be) < 0.01 <
Bismuth (Bi) 0.030 <
Cadmium (Cd) < 0.009 <
| Lead (Pb) 0.08 <
Mercury (Hg) 0.89 <
Platinum (Pt) < 0.003 <
Thallium (T1) < 0.001 <
Thorium (Th) < 0.001 <
| Uranium (u) 0.001 <
Nickel (NI} 0.14 <
Silver (Ag) 0.05 <
Tin (Sn) 0.03 <
Titanium (Ti) 0.44 <

Total Toxic Representation

ESSENTIAL AND OTHER ELEMENTS

RESULT REFERENCE PERCENTILE
ualg INTERVAL 25" 16" [507|  84™  ers"

Calcium (Ca) 259 200= 750 —
Magnesium (Mg) 22 25- 75 =
Sodium (Na) 8 20- 180 —
Potassium (K) <3 9- B0 |
Copper (Cu) 11 11- 30 S
Zingc (Zn) 180 130- 200 -_—
Manganese (Mn}) 0.10 0.08- 0.50 —
Chromium (Cr) 0.35 0.40- 0.70 e
Vanadium (vl 0.018 0.018- 0.065 o

A L0 W - T

Selenium :

Strontium (Sr) 0.15 0.30= 3.5
Sulfur (S) 48400 44000~ 50000
Cobalt (Co) 0.030 0.004- 0.020
Iron (Fe) 6.5 7.0= 16
Germanium (Ge) 0.031 0.030- 0.040
Rubidium (Rb} 0.005 0.011- 0.12
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,

N

willime Rt mutant treated

with lithium

nice with a mutatlion

The.releof Wit culd help explain why, Hthium is, .c.ou wae

ted mice (left). Lithium treatment restored spines In the mutant mice (right)

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 wall
as Parkinson's disease, might be
cured just by replacing the bacteria
fn 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 mave. Thenin | Artpartner-images/Getty)
May 2008, Gillies was given
antibiotics to treat constipation, and
astonishingly his Parkinson's
symptoms abated. What on earth was going on?

1 more image

Thomas Borody, a gastroenterclogist atthe 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 transplanis using donor
faeces to restore the bowel flora to a healthy siate.

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 disoaso (PD) may be caused by an enteric neurotropic pathogen ontering 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 runcal vagolomy is associated with a protective effect, whoereas 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 1o compute hazard ratios (HRs) for PD and comesponding 95% confidence intervals (Cls). adjusting for potential confounders.

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 lo
superselective vagotomy. Risk of PD was also decreased after truncal vagotomy when compared 1o 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 vagolomy, risk of PD was similar lo the geneml
population (HR = 1.09; 95% CI: 0.64-1.43; follow-up of >20 years: HR = 1.16; 5% CI: 0.80-1.70). Statistical precision of risk estimales was kmited. Results were
consistont aftor extornal adjustment for unmeasured confounding by smoking.

Interpretation
Full truncal vagolomy is associaled with a decreased risk for subsequent PD, suggesling thal 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

Swati Banerjee and Manzoor A. Bhat

Department of Cell and Molecular Physiology, Curriculum in Neurabiology, Meuredevelopmental
Disorders Research Center, UNC-Neuroscience Center, University of Morth Carolina School of
Medicine, Chapel Hill, NC 27599-T545

Swali Banerjee: swafi_banerjped@mead unc.edu; Manzoor A Bhat: manzoor_bhati@mad unc edu

Abstract

The bleod brain barmer (BBB} evolved (o preserve the microenvironment of the highly exeitable
neurcnal eells to allow for action potential generation and propagation. Intricate molecular
interactions between two main cell types, the neurons and the glial eells, form the underlying basis
of the critical lunetioning of the nervous system aeross species. In invertebrates, nteractions between
neurons and glial cells are central in establishing a functional BEB. However, in vertebrates, the
BBB formation and function is coordinated by intersctions 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 systern. We also summarize the clinical relevance
of the BREB as this protective barrier becomes disadvantageous in the pharmacological treatment of
varions neurological disorders,

Keywords

seplate junctions: tight junctions: endothehal cells; astrocytes; nevrovascular unit: Dvosophilo

INTRODUCTION

Proper nearonal function necessitates a highly regulated extracellular environment, where the
concentrations of sodium, potassium. and calcium ions need to be maimtained 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
systein. As a result, it is essential that the imerface between the CNS and the peripheral
circulatory system functions as a dynamic regulator of ion balance, a facilitator of nutrient
transport, and o bacrier to potentially harmiul molecules (Hawkins & Davis 2003), Thus the
structural aspects of the cerebral microcirculation, historically referred 1o as the Mood-brain
barrier (BER), perform all these functions.

More than 100 vears ago. Paul Ehrlich { 1885) observed that certain pharmacologically active
molecules and dyes injected into the bloodstream rapidly diffused into moest organs with the
exception of the CNS, composed of brain, spinal cord, and reting, because these were highly
impermeable to most small molecules. Ehrlich proposed that the CNS environment possessed
specialized properties tha allow selective entry of only a small fraction of circulating factors.
These and related Andings formed the concept of a BRB that functions as a barricade to block
blood-bome matenals from entermg the CNS mucroenvironment and also prevents
permeahility in the outward direction such that chemicals released from the nerve cells do not
mix with blood (Goldmann 1913). Thus the concepl of a vascular BEB, which also functions
as a brain-blood barrier, was born { Bradbury 197%), Researchers now aceept 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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Figure 6

Schematic of the neurovascular unir. (#) A cross-section through a brain capillary shows adjacent
endothelial cells connected by TJs that establish the BEB. The endothelial cell layer 1s surrounded by the
basal lamna that separates the endothelium from the pericytes, astrocytes, and neurons. (5) A
longitudinal section through a portion of a brain capillary reveals the presence of adjacent endothelial
cells connected by T]s. Pericyres 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 Busmess Media.



PATHOBIOLOGY IN FOCUS

Starring roles for astroglia in barrier pathologies
of gut and brain

Tor C Savidge', Michael ¥ Sofroniew” and Michel Meunlist®*S

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 cansiderations 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 pathelegy. Similarly, in the central nervous system
increasing evidence suggests that dysfunctions of astrocytes play central rales 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 diseass target in pathologies assodiated with intestinal barrier dysfunction, notably inflammatory bowel

disease, necratizing enterocolitls, lrritable bowel syndrome, diabetes, autolmmune disease and neurotrophic vires

infection of the gut.

Loboratay Fivestigention {2007] BT, 731-736; dot10. 1038 abinvest IT00600: publizhed online 2 July 2007

HEYWORDS: blood-brain barmen; astrocyte; enteric glia; intestinal permeability; nflammatory bowel disease; S-nitrosothiol

THE ENTERIC NERVOUS SYSTEM AND ITS KNOWN
DISEASES
Gastrointestingl tissues are innervated by g highly complex
and extensive component of the penpheral nervous system
known as the enteric nervous system {EMNS]. Emtenic neurons
control several aspects of gut function, including moetility,
microvascular circulation, epithelisl secretion of fuid, jons
ond bioactive peptides and intestinal barrer function. In
addition fo neurons, enteric. glia represent an extensive
component population of the ENS and show morphalogic
and fumctional similarities to NS astrocytes.” Enteric glia
have long been suggested to provide trophic and cvtopro-
tective functions toward entaric neurons, and likely are in-
volved in regulaling neuromal  actovity as has been
demonstrated for astrocytes

An emerging concept in gastroedternlogy is that a wide
range of diseases, for example matility disorders and in-
fAammation, can be comsidered in part as enteric newro-
pathies, Although it often remains elusive 1o determine
whethier these neuropathies are the cause or effect of discase
activity, ENS alterations may at least in part be symptomatic.
Until recently, studies of entéric néuropathies have mainly
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focosed oo characterizing altered neuropeptide expression
patterns and the involvement of enteric neurons' (Table £).
Scarce, but increasing data suggest that enteric gha are also
major players in gut disease, Indeed, the main histopatho-
logic observations made by the group of Bassotti e al’ have
demonstrated that motor disorders of the gut, such as show
transit  constipation, diverticular dissase and  idiopathic
miegacolon, are associted with enteric glial abnormalities
Reinforcing these ohservations are in wive 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 o
major role in gut pathologies associated with barrier dys-
funclion. Allerations in intestinal permeability are abserved
in o wide ronge of diseases mnging from high-grade in-
Oammatory pathologies such as miammatory bowel disease,
celiac disease and enteric infection, to low-grade in-
flammuatory diseases such das irrtable bowel syndrome and
diabetes. Indeed, all of these diseases present an increase in
intestinal permesbility that may be regarded as a contributing
cvent in the onset of pathology. Therefore, repulation of in-
testinal barrier function by its microenvironment, and in

anhvaston, T, LA

wite e Mlan

“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 (BBB) 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
polymorpholeukocytes, which contribute to disease activity. 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 autaimmune reactions or neurotrophic 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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REVIEW ARTICLE - BRAIN INJURY

A review of the clinical utility of serum S100B protein levels
in the assessment of traumatic brain injury
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Alstract

Backyround In order to improve injury assessment of bain
infuries, protein matkers of patbophysbological processes and
tissue fiute have heen introduced in the elinie. The most stucied
protein “hiomarker” of cerchral damage in trmumatic brain
injury (TBIY is the prvtein S100B, The aim of this namtive
review is to thoroughly analyze the properties and copabilities
of this hiomarker with focus on clinical wtility in the assess-
mient of patients suflering from THL

Rezufey S100B has suceessfully been implemented m the clin-
ic regionally (1) to screen mild TBI patients evaluating the
peed 1o perform a head computerized wmography, (2) o pre-
dict outeome m modente-to-severe TBI patients, (3) to deteot
secondary injury development in brain-ijured patients and
(4) to evaluate treatment e¢fficacy, The potential opportunitics
and pitfalls of ST00B in the dafferent areas usually refer o is
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specificity and sensitivity 1o deteet and assess introcranial
injury.

Conclicion Given some shortcomings that shoubd be realized,
SIO0B can be used as o vorsatile screemimg, monttonng and
prediction toal in the management of THI patients

Keywords 51008 - Traoumate b mpury - Cutcome
Monitonng - Screening - Biomarker - Serum - Humans

Introduction

Tramntic brain mjury (TBI) s a common cause of death and
disability, prinsrily in the young but incressingly among the
clederly [153]. The injury panorama siretches from the severcly
mjured, uneonscious patients i need of neur-intensive cane
to the more common mildly injured patients, sometimes with-
out any visual lesions, Many survivors, even from seemingly
muld injuries, mav suffer from permanent disabilities and be in
need of long-term rehabilitotion with Tugh costs for society
[56],

THI 152 complex disease and may change symptomatology
over time | 102]; it i heterogenic in nafure and may contain a
plethora of different hemorrhagic md non-hemorrhagic in-
jures, bath imside and outside the bain parenchyma. At ad-
mission to the hospital, the physicians often rely solely on a
neurological examination and a computenzed tomogmphy
(CT sean, as other more advianced mdiclogical options ane
unavailable in the amute cure settmg and monitonng teols ane
avatlable only in specialized neuro-intensive care units
INICUs). Consequently, the assessment methods are often
limited, nnd better surrogate markers of bram imjury have been
sotght o help the treating clinician. In many Gelds of medi-
cie, biological markers (“hiomarkers™) of injury have been
introduced. A biomarker is defined a5 A chameteristic 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 contributior

Cerebral contribution

0-2h 12-48h

Fig. 1 Schematic overview of S100B release to serum. Schematie
overview of the S100B release following severe TBIL Initially, there
will be a great release of S100B from extracranial tissue 10 the serum
(dotted, gray fine), which will have a rapid wash-out the first hours after
injury. While the cercbral release is more prolonged and shaped as a

Ti
48h up to 2-3 weeks g

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
16
o CT day 14
' CT day 16 CT day 20
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2 1
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Days post trauma —
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Fig. 2 S100B monitoring of a TBI patient. The patient was monitored (har), there 1s o secondary peak of S100B that correlates to the
with subsequent sampling of S1008 (twice per day, y-axis pg/l of S1008 development of a nght temporal infarction as seen on computenzed
and x-axis days after trouma) illustrating an initial decline the first days tomography (armws)

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

ANTIGEN ASS0OCIATED WITH TABLE REFERENCES

Myelin Basic Protein = Demyelinating Diseases Ponomarenko et of. PNAS, 2006; 103(2):281-286,
® Autism Berger et al. N Engl J Med, 2003; 349:13%9-145.
= PANDAS / OCD | Vojdani et al. J Int Med, 2003; 254:363-374,

Asialoganglioside s 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.

» Guillain Barré Syndrome
« PANDAS / ANDAS / OCD

o Demyelinating Diseases - Kirvan et al. J Immunal, 2007; 178:7412-7421,

a + @ Tubulin
= Early Onset Type 1 Diabetes Rousset et al, Clin Exp Immunol, 1983; 52:325-332
| = Thyrold Disorders Rousset ef o, Diabetologlo, 1984: 27:427-432.
Cerebellar » Celiac Disease Vo dani ef al. Nutr Neurosei, 2004; 7(31:151-1561
» Gluten Ataxia Balegno et al Anticancer Res, 2005; 25:3211-3214.
Paraneoplastic Cerebellar Blaes et ol Ann Newrol, 2005, 58:313-317.

Degeneration Syndrome

» |nhibited Neurotransmitter Release  Gitlits ef al Jlnvest Med, 2001; 49(3)276-283.
- Dm|ha|jng Diseases Bustos et af. J Cell 5¢i, 2001; 114:3695-3704,
Bitsch et ai. J Newol, 2004; 251:1498-1501.

Synapsin

When to Order Array 7X

o Tocapture the earliest stage and later stages of the autoimmune process

# [gM antibodies are the preferred biomarker for some neurological disorders:

multi-focal motor neuropathy
rer motor netron syndromes

development of
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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™'
Chlamydia pneumoniae™
o Herpes-6"
o Streptococcal protein”'
¢ Myelin Oligodendrocyte Glycoprotein
o Milk butyrophilin*

e Synapsin
o Gliadin'
e Tubulin

o Streptococcal protein”



Array 7X - Neurological Autoimmune Reactivity Screen -
Expanded

Myelin Basic Protein IgG + IgA
Myelin Basic Protein IgM
Asialoganglioside IgG+IgA
Asialoganglioside IgM

Alpha + Beta Tubulin IgG+IgA
Alpha + Beta Tubulin IgM
Cerebellar IgG+IgA
Cerebellar IgM

Synapsin IgG+IgA

Synapsin IgM

REFERENCE
(ELISA Index)

0.6-1.7
0.0-13
0.6-1.6
0.1-14
0.0-2.7
0.0-1.3
0.4-15
0.0-1.3
0.0-2.1

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 Cen

Sehool, Houston, Texas 77225

o Wevrolopic Research ond Departments of Neurahinlogy and Anatomy, dnd Mearosg

v, Thee Univeraity of Texas Medical

The integrity of the blood - brain barrier (BBB) is critical for normal braim function, and its compromise contributes to the pathophysi-

ologyofa number of CN

BRB disruption, Western blotand immunehistochemical analy ses indicate that brain infury
light junction proteins, two critical components ol the BBB, Activation of the Irans

s discases und injuries. Using a rodent model of brain injury, the present study examines the pathophysiology of

canses a lossof capillary endothelial cells and
o factor NF-E2-related factor-2 (Nef2) by

sitlforaphane, a miturally occarring compound present in high levels in crucilerous 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 codothelial cell markers and tight junction proteins and preserved BRE
function. These protective effects were dependent on thie activity of Nrf2, Injured rats pretreated with decoy oligonucleatides
f-I'II1TilI-f|iﬂs the Isiruling site of Nek2, ond mice Im.ki:lrg the rlrj'_’ RERE, did not benefit from 'sl.l“l.rl’.'llﬂlilﬂl‘ adlministration, These
finilings indicate a potential therapeutic usefulness for NelZ-activating molecules to improve the function of the neurovasculir

imit after infury.

Key words: brain edeme; endotheliol cells; neurovascular unit; dght function proteins; T8I capillary

Introduction

I'he Blosd—brain bareker (BRE) e eritical for the mantenance of
ral functions, BRR
|||u_|;ir.|| -\.|1.|"|g
aical discases, brain tumors, and CNS mpury (Peity and
02 [reWWite amad I-’rnl:l;h, 2L II'\-!.-. i I.:ru;m, 200 ), aisg
of BER integrity not only disrupts the func [ the nenrovas-
cular unit {an assembly of brain capillarics, extracellular matrix
of the basal laming, neurons, astrocy ollgodendrocytes, and
pericytes) bul also initistes secondary pathological peocesses, in-
infilrration of inflammatary cells and dreulating fluid
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ayer of brain capillary endothelial cells and the contiguous
tight junctions betwern them are major components of the BRE,
Ultrastructural studies have shown that brain endothelial cells
have & paucity of fenestrae and en itic vesicles limiting the
ten sptry of clrculating molecules into the b

dition, the ceonnection of brain capillary endoth
tight junction comiplexes severely restricts the paracellular entry
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ijury-tnduced BBE disruption has not been fully cluoids
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 BBR per
underlic BEB di
mients are likely ta be more effective than single-target thera
(RN s :||11!l'.1'|.'li-::11
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pies to improve BBE funciion. As an altermal
treftments: a single agent that activates multiple cvtoprotes
tive mechanisms may aleo be suitable as a treatment option
cth et al., 1993

etranscription factor Nef2 inodear factor E2-related factor
24 binds to the
id regulates thie expression of multiple cytoprotective

ntioxidant/electrophilic reaponse clement | ARE!

B |Lr|||11|.: antioxidan rating en
pymies CThimmulbappa et al., 2002; Lee eval., 2003 Hu eral,, 2004,
2066), Nrf2 15 a rapidly torned <aver protein that is nermally s
questered in the atoplasm via an interaction wath the actin
binding protein Keapl {Kelch-like ECH associated protemn 1)
Becent studies have demionstrated that Keapl acts-as a substrate
adaptor protein for Cul-3 {collin-3 ) -dependent uliquitination of
2, which leads to rapid Nrf2 degradation by the protecsome
v Ml abon et al apal,, H0d: Kobay
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asedd expression of Nrfl-deven genes (1% ¢t al
i Hammink, 20 In the present sttidy, we e
systemiic administration of sufforaphane, an sothiocyanat
shundant in cruciferous \-cj.'.ct;hb.h:& e rocgol) bub not en-
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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

Mlison C Bested', Alan € Logan™ and Eva M Sehub’

Abstract

Mental health doorders, degression in particular, have been described s 2 global epidemic. Research wuggests that
a vanety of festle and emwonmental changes may be driving at keast some pontion of the incresssd prevalence
One aea of fourshing research involves the relatiorship between the intesting! microbiota s well as the related
functional integrity of the gastrointesting traa) and mental haalth. in order to appreciate the recent wentific gains
in this area, and it potentid future directions, it & critical to review the history of the topic Probictic adminatration
(eg. Lactobaciluy and fecal mioobiota transder for conditions asocixed with depression and anxiety & not a new
concepl. Here, in the fist of a 3qan eries we begin by reviewing the ongins of the contemporary research,
providing a critical appraisal of what has become a revisionst history of the controversal tesm “autointocication
We argue that legitimate interests in the gut-brain-microbiota connection were obscured for decades by its
awodation with a narow histoncal kegacy, Higoncal perspectives provide a very meaninghul contest 10 the curment
state of the contermnporany research 2 outlined i parts § and B

Keywords: intestinal microbiota, Autointoxication, Depression, Amdety, Probiotio, Microbial ecology,
Lipopalysaccharide endotonan, Diet, Intestinal permeakl ity

Series introd uction
The global mental health crisis and prevalence of de
pression & increasingly being viewed at least to some
degree, as 3 comequence of modernizalion. There are
numerows suspect candidates to explain what has been
described @ an epidemic incresse in mental heakh dis-
orders. These Include but are not lmited to, sodo-
economic changes, wrbanicity, akerations In dietary
habits, sedentary behavior, excessive soreen-basad Infor-
mation consumption, lack of adeguate sunlight, erotion
of mealwodd (off-line) sodal support, and an overall dis-
connect from nature [1-3]. Resssrchers are beginning to
explore the ways in which these and other factors may
combing to influence mental health In contemporary
society,

One area of flourkhing reseanch involves the newro-
parchological consequences of alterations to gut mido-
biota (formerly referred to as “flam” or “micraflora”) in

* Comeapondence. acind o émuog
CAMNE, 75 Behedhie Aweroe, Saite 304, Ml Valey, CA GG, LEA
Ful ol ashe niormaon = aalshe atthe ond of the srade

conjunction with moden dressors, and an urbanired,
Western lfestyle [4]. Almest 3 decade has passed since
members of our goup broke a 70-year-old scientific
taboo by comstrocting a framework indicating that
probiotics might play a beneficial role in conditions of
human fatigue and depressive disorders [56]. Broadly
speaking, ours was certalnly not a new theory; It was, rs-
ther, & scientifically refined revival of sdect assertions
that had been made a century prior. At our time of re-
vival in the early 2000, the contention that the intes-
tinal microblota and the micobhl-influenced integrity
of the intestinal lining are of relevance to mental health
disorders was, If it were 10 be suggested a all & notion
of nostalgia Suggesting that intentional microbial ma-
nipulation could positively influence mental health at
least within sdentific writing. was inevitably linked to
the early 0™ century, to a tme when some within
madicine had veered off 2 mtlonal course in 3 redatively
short-Ived obsession with so-called ‘amtointoxication’
and ‘intestinal toxemis’ [7-11]. During this period the
colon was viewed as the central mad to a Emitless 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
MENTAIL DISEASE*

BY TAROLD XK. MARRHALL, M.D,! AND CHARLEE B THOMPSON, M.n.f

of the result of the
mental dissase by the use of colon
the Gardner State Colony and to

carliest days of our civilization, but
irrigation as practised today = of ‘
The literature on this subject previon

and in children needing
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 leehnique
of performing the proeedure. Blackman®
(1925) insists that the eolon becomes engorged
by neglect and emphasizes the necessity of keep-
ing it elean by the use of irrigation. Shaine’

eoncludes that many ﬁum with

(1926 .
colonie when medieal treatment has
failed. Suyder and Fineman’ (1927) note ben-
cfieinl ts in arthritis, and publish a series

of roentgenograms of colons illustrating their
views. They eredit Dr. Lockwood of New York

. with being the first physician to mse this pro-

eodnre. Rendall* (1929) notes that colon rri-

ple, exi¥ :
people ean endure calon stas
detoxieating effect of the liver, He gquotes Wi
dal, Abrami and Ianeoveseo™ to prove that bleed
in the portal vein is not detoxicated and whe
the portal vein in animals is anastomosed e
the inferior vena cava so that this blood entens
the general cireulation hemoelastic shock results
every time following feeding. Jameson, thers
fore, believes that the liver is a buffer and that
the detoxieating effest of this organ is sufficieat
to prevent the entrance of deleterious disinte
grating products of eclonie putrefaction into the
general circulation. He econcludes that el
irrigation is of value in mental and nerts
states, certain forms of chronie nephritis and o
forming disesses of the joints. Morse' (190}
writes of the benefits to be derived from thi
practise and of the technique and to Dr. Mor®
we are much indebted for his adviee and asst-
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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'?, William A Walters'?, Susan M. Levine”, Ruth E. Ley™?

and Maureen R Hanson™"

Abstract

Background: Gastrointestinal disturbances are among symgtoms commanly repamed by individuals diagnosed

with myaigic encephalomyelitis/chronic fatigue gmdome (MEACFS). However, whether MEACFS is associated with
an altered microbiome hias remained uncenmain, Hene we peofiled gut microbial diversity by sequencing 165 ribasormal
fibenucleic acid (ANA) genes from stool as well 28 inflammatory markers from serum for cases (n=48) and controls
{n=139). We also mamined a set of inflammatory markers in blood: C-reactive protein (CRF), intestinal fatty acid-binding
pratein (1-FABP), lipopohsaccharide (LPS), LPS-binding pratein (LBF), and soluble CD14 (sCD14)

Results: We abserved elovated levels of some blogd maskers for microbsal translocation in MEACFS patients; fevels of
LPS, LBP, and sCD14 were elevated in MECFS sublects. Levels of LBP comelated with LPS and sCD14 and LPS levels
comelated with sCDN4, Through deep sequencing of bacterial rANA 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, 3 reduction in the refative sbundance and diversity of
members belonging 1o the Firmicutes phylum. in the patient cohort, we find less diversity as well as increases in
specific species often reported 10 be pro-inflammartony species and reduction In species frequently described as
anti-nflammatory. Using a machine leaming approach trained on the data obtained from 165 rRNA and inflammatory
markess, individuats were classified cormectly as ME/CFS with 2 crossvalidation accuracy of 82.93 %

Conclusions: Our results indicate dysbiosis of the gut microbsota in this disease and further suggest an increased
incidence of microbial transkocation, which may play a role in Inflammatory symptoms in MEACFS.

Keywords: Myalgic encephaiomyelitis. Chronic fatigue syndrome. Inflammation, Lipopolysaccharides, Microbiome,

Microbial rranslocation, Bera-diversity

Background

Myalgic encephalomyelitis (ME]), also known as chronic
fatigue syndrome (CFS), or ME/CFS, is a debilitating
illness of unknown ctiology with no widely aceepted
therapy. Primary symptoms reported by patients are fa-
tigue, muscle and/or joint peint, sore throat, headaches,

* Conepondence. myibicoined adu
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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 2 survey of drug use by individuals with
CFS compared to controls, which found significantly more
use of antacids, H2 biockers, and proton pumgp 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

i B 2018 The Auttorl Oipish Addles T roe § Serbuied i e vl of Se Oeriee (=g Anrhses 40
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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 ocutcomes 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 APOE3. 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 AB 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. AR has been shown to be a pore-forming
antimicrobial peptide, indicating that AB 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 assoclation between certain bacterial Strong decrease in Other micrObeS'
strains and Alzheimer's disease (AD), but their functional dynamics remain elusive. Objective:To Furthermore We have a|SO discovered
H

investigate the assoclation between amyloid pathology, bacterial products such as

lipopolysaccharide (LPS) and short chain fatty acids (SCFAsS: acetate, valerate, butyrate), an association between an

inflammatory mediators, and markers of endothelial dysfunction in AD. Methods Eighty-nine

older persons with cognitive performance from normal to dementia underwent florbetapir inflammatory phenomenon detected in

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 the bIOOd, certai n intesti nal bacteria

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 and Alzheimer's disease' hence the
H

Spearman's rank test. Results:Amyloid SUVR uptake was positively associated with blood LPS

(rho20.32, p£0.00&), acetate and valerate (rho20.45, p<0.001), pro-inflammatory cytokines hypOthESiS that we Wanted to test

(rho20.25, p£0.012), and biomarkers af endothelial dysfunction (rho20.25, p£0.042). In contrast,

it was negatively correlated with butyrate (rho$-0.42, p£0.020) and the anti-inflammatary here: could inflammation in the blood

cytokine IL10 (rho<-0.26, p£0.009). Endothelial dysfunction was positively associated with pro-

inflammatory cytokines, acetate and valerate (rho20.25, ps0.045) and negatively with butyrate be a mediator between the microbiota
and IL10 levels (rho£-0.25, p£0.038). Conclusion:We repart a novel association between gut

microbiota-retated products and systemic inflammation with brain amyloidosis via endothelial and the brai n?"

dysfunction, suggesting that SCFAs and LPS represent candidate pathophysiologic links

between the gut microbiota and AD pathology.

Keywords: Brain amyloidosis, inflarmmation, lipopolysaccharide, microbiota, short chain fatty

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

Mozomi Okarnate!”, Masayuki Morkawa™, Kensuke Okamete™, Noboru Habu ', Junke lwamare®, Kimike Tomioka',
Keigo Saeki', Motokazu Y:-nagu'v. Nobuks dmana’, Mars Kururmatani'

Abstract

otained

Background: This cross-sectional study investigated the relationship between the number of remaining teeth to
mild memory impairment (MM, which s a praclinical stage of dementia, and to cognitive impairment
Methods: The subjects were aged &5 years or older and were grouped according tor their score for the Mini-
Mental State Exarmination (MMSE], the threeword delayed mmcall test in the MMBSE, and the Geratric Depression
Scale Inta the control group (n = 3698), the MM aroup- in =
i = 2144 We collected data on the number of rémalning teath, the length of the edentulols periad, health-
related lifestyle, medical history, blood pressure. height, and body weight, Fasting venous blood samples were also

Results: Multipte Ingistic regression analysis, adjusted for depressive symptoms, age, soy, length of education, and
other explanatory variables, revealed thst the odds ratios of 0-10 remaining teeth to 22-32 remaining teeth were

1679 (35% CI 1.073-2627) for MM and 2077 (85% O 1.510-2140) for 2 low MMSE score, & significant relationship
was also faund between the lergth of the edentulous petiod and the sk of a low MMSE scone (odds ratie 3102,
Q5% C1 F432-6.720) (15 vears or mera/Tess than 15 ywears).

Conclusions: Our findings sugoest that tooth loss Is associated with cognitive function,

21}, and the-low MMBE score (23 or lower) groug

Background

Tooth loss, one of the indicators of perlodontal disease
[1,2], has been reported to be associated with Alzhei-
mer's disease (AD) and dementia [34]. Individuals with
clinical dementia have an increased deterioration of
their dental health |51, and tooth oss 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
maodels, Furthermore, it has been hypothesieed [9) that
pericdontal disease-derived inflimmatory molecules,
hacterin, and bacterial products enhance brain inflam-
mation [10,11],

() siomed central

IEprocluctmn e e

Among individuals with mild memory Impairment
(MMI) 21.2% progressed to illnesses with dementia,
including AD (10.6%), vascular dementia {48%), or
other types of dementia (5.8%), over a period of 5 years:
[12]; therefore, they represent a high-risk popaiation for
dementin. MMI was defined as [13]: {1) no iImpairment
of the activities of daily living (ADL); (2) normal general
cognitive function, as determined by a Mini-Mental
Seate Examination (MMSE) score = 34 [14]; (3) objective
memary impairment, assessed by the MMSE three-word
delayed recall test (Recall test) {low score: | or O); and
(4} absence of dementia or depression, diagnosed by
geriatric nenropsychiatrists according to the Diagnostic
and Statistical Manual of Mental Disorders, 3™ edn.,
revised {DSM-IIL B} criteria [15].

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

i e Diirihew
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TNF-a and antibodies to periodontal bacteria discriminate
between Alzheimer’s disease patients and normal subjects
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Abstract

The associations of inflammation/immune respanses with clinical presentations of Alzheimer’s
disease (AD) remain unclear. We hvpothesized that TNF-o and elevated antibodies o periodontal
bactera would be greater in AD compared (o normal controls (NL b and their combination would ad
clinical diagnosis of AD. Plasma TNF- and antibodies against periodontal bacteria were elevated
in ALY patients compared with NL and independently associated with AL, The number of positive
126 1o periodontal bactena incremented the TNF-o classification of chindcal AD and ML, This study
shows that TNF-u and elevated numbers of antibodies against periodontal bacteria associate with
AD and contribute to the AD diagnosis.
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1. Introduction

Alzheimer’s disease {AD] is 3 newrodegenerative disease afflicting the elderly. In the United
States, 4.5 million ]'N.'upit: have been d:ugnn:ﬂ:d with A} and this number will undou hlul.“y
inerease as the population ages and the life-span increases, The specific factors involved in the
etivlogy 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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' underlying Alzheimer's disease and
Abstrace related forms of dementia, and suggest
Background: Recent clinical studies point to rapid and sustained clinical, cognitive, and behaviaral the existence Of nOVeI’ rapidly reversible’

impravement In both Altheimer's disease and primary progressive aphasia following wealkly
perispinal administradon of etanercept, @ TMF-alpha inhibitor that acts by blocking the binding of

this cytokine o its receptors. This cutcome Is concordant with recent basic sclence studles TNF—mEdiatEd pathophySiOIogiC

supgesting that TMF-alpha functions in vive as a gliotransmitter that regulates symaptic function in

the brain. VWe hypothesized that perispinal etanercept had the potantial to improve verbal function meChanisms in AIZheimer 'S disease W h i C h

in Alzheimer's disease, so wae included several standarized measures of verbal ability to evaluate

language skills in a clinical trial of perispinal etanercept for Alzheimer's disease. a re WO rt h y Of fu rt h e r i n VeSt i ga t i O n . ”

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. Twa additional case studies are presentod.

Results: Two-talled, paired t-tests were conducted comparing baseling performance to é-month
performance on all neuropsychological measures, Test batteries included the California Yerbal
Learning Test-5econd Edition, Adult Version; Legical Memory | and II[WMS-LM-Il} from the
Wiechslor Memory Scale-Abbreviated; the Comprehensive Trail Making Test (TMT): Boston
Maming Test; and lewer(FAS) and category verbal luency. All measures revealed a significant effect
axcept for the Boston Maming Test and the TMT-=4, with WHM5-LM-|| being marginally significant at
p = [05. The FAS test for letter fluency was most highly significant with a p < 0.0007. In additon,
rapid improvement in verbal Muency and aphasia in two patients with dementla, beginning minutes
after pertspinal 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 seale
studies of this therapeutic Intervention, including Phase 3 rrials, are warranted In demaentias. In
addition, these results may provide insight into the basic pathophysiologic mechanisms underlying
Alzhelmer's disease and refated forms of dementia, and suggest the existence of novel, rapidly
reversible, TNF-medizted pathephysiologic mechanisms in Alzheimer's disease which are werthy
of further investigation,
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Sample, Report Previous Test Current Test

Date Of Birth: (9/20/1980 (37 yrs) Specimen#: 5033032170 Specimend: 5110000014
Gander: Female Accession#: 201807-12481 Accessiond: 201B07-12514
Patient id: 789 Specimen: Oral Rinse(P) Specimen: Oral Rinse(P)
Patient Location: Test Location A Collected: 05/17/2018 Collected: 07/23/2018

COMPARISON OF TEST RESULTS

My PerioPath - Previous Result

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

B0 B 2 B O g 8 & @ Q

MyPerioPath - Current Result

High Risk Pathagens

B B0 @ a B 0 O g @3 a a

Summary of Resulls

- orial z ; i) : =1 : Previous | Current
otal Bacterial Load | Since patient's |ast test on 05172018 Clinical Comparison os17/2018| 07232018

systemic inflammation. Consequences of high pathogenic bacteria presant for
years and decades add significantly to the risk of Iile threatening diseases beyond ~ [Bone Loss
the mouth, Discharge

* For most treatment protocols, the maximal reduction in pathogen (burden) load is HalitosisMalodor
observed when follow-up testing is performed between 6-12 weeks. This sample
was coliacted atl 9 weeks 4 days from the previous lest 30

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

* Congratulations, since the last lest submitted 2 months 8 | Total # Bacteria Present 8 7
4 6 O/ days ago, the clinical management of this patient has Tolal # Bacteria Above Threshold & 0
D ?ﬁ;::?;::% reduction in periodomal pathogen Despest Pocket 5 5
3 Infect
=T Ne Tl [e s Ml * The results show a reduction of the red (1. Bl B . lmma_d flee = . .
orange ([, B, &) and green ([, B) complex Generalized Infection % [
peahogans: inflammation/Redness %] 0O
* These curment results are likely associated with a decrease in both oral and Bleeding on Probing D D
O O
O O
a O




Clinical Considerations

Reason for Testing Medical Histor

] Not Provided ] Not Provided ] Periodontal Classification: Not Provided 1 Not Provided
i ToothNumbers | | | | | |
Pocket Depths(mm) | | | | | |
Systemic Effects of Oral Pathogens

Treponema denticola @

Prevotella intermedia '
i il

Aggregatibacter actinomycetemcomitans

Eubacterium nodatum

Campylobacter rectus

Tannerella forsythia

Capnocytophaga
Eikenella corrodens E Peptostreptococcus
Fusobacterium nucleatum/periodontium Porphyromonas gingivalis
dointand = nementia and
Cancer Cardiovascular Health  Musculoskeletal Brain Health Metabolic Health Healthy Pregnancy
Health re
Chronic gum disease, Select bacteria such as The periodontal Recent Obesity, lack of exercise  Bacteria associated
involving B, . B B, B 0 B B3 B3 & B vacteria B, Bla @  medical and chronic gum with gum disease,
& [ is a risk factor for the  can leak from blood are a cause of studies pointto  disease involvingthe  especially . . &,
development of certain vessels inthe gums and  arthritis. The oral poor oral bacteria B, B B B. [, and , 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  nflammation. 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, [, B3, Bl in  damage \he pancreas  decreased birth weight
Additionally, untreated inflammation in arteries, combined with our gums, where insulin is and even blood
gum disease |s a cause of and il occluded, causea  changes in a person's  increasing the  produced, possibly infection in the
ongoing inflammation, heart attack. A goal ol immunity, may result  risk of Ieading to diabetes. placenta or newbom.
which may promate 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 harmiul tested for these
long as possible. Alzheimer's. bacteria in the gums. harmful bacteria.

“:Ihoﬁ:logy Cengmec DNA is extracked rom the submitied sample and lested lor 10 species-spacific bactens [Ax A.gg.regantmﬂur acinomycetemcomitans, Pq Pomphyromonas
gingnalls, TE Tannerelin forsythia, Td: Treponema denticoln, En: Eubactenum nodatum, Fre Fusobaciarium nudeaumdpanodontium, Pl Prevotelta intermedia, Cr: Campylobacter rechus
Pm: Paptostreplococcus (Micromonas) micres, Ec. Eikenella cormmdena] and 1 genus of bacteria [Cs: Capnocylophaga speces (gingavalie, achracea, spubigana)] known 1o cause
perdodontal disease. The bactana are assayed by real-time quantitative polymerase chain resction ([QPCR). Bactorial levols are reporied in log 10 coples per mL of sample {o.g. 16103 =
1000 bacteria copies per mL of collection). Cross-reactivity 18 possible with Leplotrichia buccalis, Fusshadanum hwasookl, Capnocylophaga granulosa and Caprocylophaga leadbotiar,
This test was developed. and its parformance characteristcs dotermined by OralDNA Labs pursuant fo CLIA requirements. This test has not been clearad 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
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Porphyramanas ginghealis, 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 ubiguitin pathology. Oral P. gingivalis infection in mice resulted in
brain colonization and increased production of Afly g, a component of amyboid plagques, Further, gingipains were
neurotoxic in vivo and in vitro, exerting detrimental effects on taw, a protein needed for normal neuronal funce
tion, To biock this neurotoxicity, we designed and synthesized small-molecule inhibitors targeting ginglpains,
Gingipain inhibition reduced the bacterial load of an established P, gingivalis brain infection, blocked Afhy .4z 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

Alzheimer's disease.

INTRODUCTION

Alzheinmer’s disease [ADD) patients exhibit neuroinflammatton con-
sistent with infection, including microglial activation, inflammasame
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 estoblished (3). The recent characterization of amyloid-f5 (AR
¢ am antimicroblal peptide has renewed interest in identifying a
Flun.n.l:[ﬂc inflectious cause ol ALD [ 4-&)

Chronic periodontitis (CP) and infection with. Porphyromonas
gingivalis—a keystone pathogen in the development of CPF (7)—
have been identified as significant risk factors for developing A
plagques, dementia, and AD (8-12) A prospective observational
study of AD patients with active CP reporied a notable decline in
cognition (Aldheimer's Disease Assessment Scale— Cognitive ond
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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
possibie mechanisms underlying these findings (13), In Apae ™ mice,
orul infection with P, gingivalis, but nit with two otheroral bacterta,
results in brain infection and activation of the complement patlway
(14). In transgenic mice overexpressing mutated human amylokd
precursor protein (WAPP-120), oral infection with P piagivalis
impairs cognitive function, increases the deposition of AD-like
plaques, and results in alveolar bone loss .'lrtrlparml L conteal
hAPP-120 mice (15), P gmgivalis ipopolysacchanide has been detected
i herman AL brains { 16), promoting the hypothesis that P, gegtealis
infection of the brain plays a role in AD pathogenesis [17).

P griegivalis is mainly found during gingival and periodontal in-
fections; however, it can also be found at low levels in 25% of healthy
imciviclunls vith nooral disesse (18). Transient bacteremia of P, gimgivalts
can occur during commusn activities such as broshing, flossing, and
chewing, as well as during dental procedures (19), resulting in docu-
mented transhocition o a variety of Hssued including coromary iar-
teries (204, placents (21}, and liver {22). A recent study found that
1009 of patients with cardiovascular disease had P, gingtvalts arte
rial colonization { 23).

B gingivadis isan asaccharolytic Gram- negative anaerobic bacte
riter that p|mlm'|;.1 tthjhl' virulence factors known ad ghngipains,
which are cysteine proteases consisting of lysine-gingipain {Kgp),
argintne-ginglpain A (RgpA) and arginine-gingipain B (Rgph}
Ciingipains are secreted, transported to outer bacterial membrane
surfaces, and partially released into the extracellular miliew in solu
le and suter membeane vesicle (OMVY S-associated forms (24, 25).
Kgp und RgpA/B are essential for P, gingivalis survival and pathoge-
nicity, plaving eritical roles in host colonization, inactivation of host
defesses, iton and nutrient acquisition, and tissue destruction (24, 26).
Gingipains have been shown to mediate the foxicity of P, gingivalis

1ofl

e - e

e Ll

“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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Periodontal Disease and Periodontal Disease-
Related Bacteria Involved in the Pathogenesis of
Alzheimer’s Disease
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Abstract Alsbeimer's discase (AD) & the moat common cause of dementia, sl i cxhibits
pathologcal properses such o doposition of oxirscellsier mmyiosd B AR and shaormally
phaspharylated Tau ia serve colls snd @ decresis of synapees. Cosventhanally, drags tanpet
img Afl amd itx relsted mnlscubes hove boen developed s the basts of the moyloid cosrnds
Trypeotheaas, ot saffiount effecs oo the discass have mot been obtamed 1 posl clewcal tnaks
O the sther hand. o bhas beon ponted out that chrons: milammatios asd masobeal isfecton
m the besss may b amvodved in tbe pathopefeiss of AD Recenly, stheedion lun been focumed

uen the nel hip b e penad paiios b Par e, gingrvalis
wnd AD. P pingivelir sad ils lasins have beon detectod @ nstopey brasn tlsues from pationis
with Al In add bealegaial cond of A} are formed or exacerbatod m mee

imfected wuth P gimprvanlie. Composunds thal aget the i of * graphalis snelorme the
pathegenows of AD snggered by P gl miecion. Thess Sndiogs madicats that the
patholigical conditssn ol AD mey be ropulated by contsalleng the bavteria m the orl ety
wnd the bady. In the carvent aging socicly, the mmponance of ol snd penoduntal o o
provenbing the comet of AD enll momsse.

Keywords: Morphylemonss gumgaalis, cogrtine declene. asylosd [ blood beais barrws,
wasuler s

Introduction

Diemmentia is the most frequent neurological disoase in the world and is recognized as
a global public health priority by the World Health Organizaton. Alhaough vamous
miethids fof provention wid testment of dementis have yot becn studeed, 0o effective
methond has beesi cutshimhed. [ risk factors for dementia and factors that suppeess s
ot and progrescon could be identified that information could be used effectively, o
might be poszible to prevent domentia snd extend the healthy Efe span. Recently, the
associationd betwoen dementia and eystemic discases have been focosed on. The
pathogenetis of Alsheimer’s discase (AD), which sccounts for the lagest number of
caied of dementin, and the relstionships of the pathogeneds of AD with periodontitis
and periodontitis-telatod bactena uro described in ts review.

Alzheimer's Disease
It i eatimated that shout 44 mallion people worldwide are currently suffering from
dementis, Trestment coats exceed US $600 billion annually in the United States
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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.
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70 yo female with fronto-temporal dementia

MYPERIOPATH MOLECULAR ANALYSIS OF PERIODONTAL AND SYSTEMIC PATHOGENS
Result: PATHOGENIC BACTERIA DETECTED, 8 ABOVE THERAPEUTIC THRESHOLD [pg | v | a Jon | #n | #i fom] s |

Legend Flesu-lt Interpretatinn:-Pé rfodﬁ-ntafdisaasa is causéﬂ I:ry sp-ecmc or groups GE Spec.:iﬁc 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
1 Uﬁ TDB T — ] 1 Dﬁ
10° | 0° —_— 10
10° 104 ] | ' 10t
_
DL DL L} . | i DL
B A 7o L B R a E B8 I
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

relaled to increasing pocket depths.

E 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 Sirong association with PD: specific role uncertain, Often seen in refractory disease,
Fusobacterium I-ltgh Strong association with PD: adherence properties to several oral pathogens; often seen in refractory
nucleatum/periodonticum disease.

n Prevotella intermedia I-ligh Strong asseciation with PD: virulent properties similar lo Pg; often seen in refractory disease.

Peptostreptococcus (Micromonas) High Moderate association with PD: detected in higher numbers at sites of aclive 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

Additional information is available from OralDNA.com
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70 yo female with fronto-temporal dementia
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Array 7 - Neurological Autoimmune Reactivity Screen ** IN : EQUIVOCAL* DUT OF REFERENCE
‘(Normal) RANGE (ELISA Index)
Myelin Basic Protein 158 0.1-1.4
Asialoganglioside | 1_._?'6 | 0.1-1.4
Alpha-Tubulin + Beta-Tubulin | 1.13 0.4-1.4
Cerebellar 1.37 0.2-1.4
Synapsin | ’ B 151 B @ 0.1-1.2
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Infectious causes of multiple sclerosis.
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Department of Neurology, University of Colorado Health Sciences Center, Denver, CO 80262, USA. don.gilden@uchsc.edu
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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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Chilarmpdophila preumorsae is an intracellular pathogen responsible for a number of different acute and dhronic infections. The
secett deepening of knowladge o2 the blology and the vse of increasingly more sensitive and specific molecular techaigues has
allowed demonstration of C preumoniar in a large number of perons suffering fom different diseases including cardiovascular
(atheroscleroais and stroke) and central servows swtem (ON3) disosden. Depite this, many impostant toues remain unanywered
with regand to the role that C presmoniar may play in initiating atheroma or in the progreaion of the discase. A growing body of
evidence concerns the involvernent of this pathogen in chronic neurclogical disorders and particulardy in Alheimer’s divenie
(AD) and Mohiple Scleronis (MS). Mozocytes may trallic C prewmeniae scross the blood-brain-harries, abed the organien
in the CNS and induce neuroinflammation. The demonstration of C. prewmonisr by histopathological, molecular and culture
techaiques in the late-onst AD dementias has sugpoted a selatiombip between CNS infection with O prewmoniar and the AD
scuropathogrmesis, In particolar subsets of MS patients, C. prrumemar could induce a chronic perdatent brain infection acting
as 2 cofactor in the development of the disease. The role of Chlasmydia in the pathogenesis of mental or neurobehavioral disordens

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

1. Introduction and Background

Chlamydiae were taxonomically categorised into their own
order Chlamydiales, with one family, Chlamydiaceae, and
a single genus, Chiarmadia which indluded four species: C
trachomarss, C. pnewmomiae, C, psittaci, and C pecorum.
Two of the species. C. rrachomart and C pracumoniae, are
common pathogens in humans, but the routes of trams-
mission, susceptible populations, and clinical presentations
differ markedly. The other species occur mainly in animals
although C piistaci may be also implicated in human
respiratory diseases. In 1999, 4 new taxonomic classification
wits proposed, renaming Chlamydia pricumoniae as Chlany-
dophila prewmoniae | 1 |. However, the proposal to change the

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

C. prewmonias, 2 common cause of human respiratory
disease, was first solated from the ¢onjunctiva of a child
in Taiwan in 1965 but it was not until the carly 1980s
that it was scientifically identified as a distinct Chiamydia
species and was established a5 & major respiratory pathogen
in 1983 when it was isolated from the throat of & college
student at the University of Washington, Maost lkely, C.
prieurmioniae is primarily transmitted from human to human
by the respiratory tract without any animal neservoir [2,
3] and infection spreads slowly. The incubation period is
several weeks, which s 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.



J Pathol. 2009 Jan;217(1):131-8.
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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Persisting atypical and cystic forms of Borrelia burgdorferi and local
inflammation in Lyme neuroborreliosis
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Abstract

Background: The long bient stage seen in syphili, followed by chronic central nervous system Infecticn
and inflammation, can be explained by the persistence of atypical cystic and granular forms of Treponema
palliduirm. WWa Investigared whiether a similar siuation Y GECUF i L"lﬁe neurobarrelosis.

Method: Arypical forme of Borrefn burpdoefed spirochetes were induced expoung cultures of Sorefio
burgdarfen (strains B3] and ADBI) e such unfavorable condtions as cametic and heat shock and
exposure 1o the binding agencs Thicflavin 5 and Congo red. YWe alse analyzed whether these farms may
be induced fa witra, following infection of primary chicken and rat nevrond, a3 well a5 rae and buman
astrocyres. Ve further analyzed whether acypical forms similar 1o those induced in wiiro may ko ocoor in
wivg, in rains of three pathents with Lyrme necroborreliosis. We wsed imimunchiseochenscal methods o
derect evidence of nevralnflammatian in the form of rexctve micragla and astrocytes,

Results: Under thess conditions we observed nrymeal cysoc, rolled and gronuisr forms of these
ipirecheres, We characterized chese abnormal farma by histochemical, imrunohiscochemical, dark Feld
and atombe ferce microscopy (AFM] metheds. The atypical and eystie forms found in the braing of three
patlents with neuropathalogically confirmed Lyme neuroborreliosis were denccal w these Induced In
witrg, Wa also observed nuclear fragmentaton of tha infected aswocytes using the TUMNEL method.
Ahundant HLA-DR positve microgla and GFAP posttive reactve asorocyTes were present in the cerebral
COTDEx,

Conclusion: The results indicate that arypical extra- and intracellulsr pleamarphic and oystic farms of
Barrefia burgdorferd and kool meurcinflimematson occur in the Brain in chronkc Lyme neurcbosrelaasis. The
parsistence of thesa more resistunt spirochese forms and their imracalivlar lecation in newrcns and glial
cafls, may explain the fong latent scage and persistance of Borreliz infecticn. The resvit alvo suggest that
Barrefic burpdorfierd may Induce cellelar dysfuncrdion and apoprosts. The decection and recognition of aoypical,
q.-:ti: and gnnlll.‘n— farme in nfected tishees & essantial for tha d.-:ugnr.n: and cha treatmeant 75 r.hcr ean
oo in the absence of the typical spiral Borredia form

Page 1ot 18
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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.”



Jowrnal af Newroinflammahon 2008, 5:40 http:/ wewew Jreuroinflammation, com content/501/40

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
v stricto was cultivated from
.* the brain.

-
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Bacterial Lipoproteins Can Disseminate from the
Periphery to Inflame the Brain

[ana Londafio and Diego Cadavd
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The current view is that bacterin need o enter the
brain 1o cause Inflammation. Bowever, in mice in-
fectod with the spirechetc Boreelia furicalae . we ob-
servedd widesprend cerchml inflammation desplic a
pancity of spimcheles o ihe brain parenchyma ai
times of high bacteremin. Here we studied the possd-
billey thai bacterial llpopeoicins may be capable of
disseminating from the periphory across the hlood-
braln barrler to inflame the brain, For this we injected
normial and infected mice intrperitoneally with lan-
thonide-labeled voriable owter membrane lpopro-
tedns ol B feedenioe and measored dhele o ssion
in Blood, varous periphoral ongans, and whaole and
cagillary depleted brafn protein esoswts b virioos
times. Tanthanide-lbelod oonlipicdated Epoprotcins
of 8, feerdcatae wnd mouse albumin were wsed as con-
ks Brain inflamrmarion was messured by Taghan
TR amplification of genes known to be up-
regulated in response w borcelial infection. The
resulis showed that the two lipoprowins we st
P, LVEpD ond LVepd, were capable of inlloming
the braln afier Intraperifoneal Dojection o different
degrees: L¥spl was better than LYsp2 and Bil spi-
rochetes ar moving from blood w brain. The dis-
seminafion of IVapl o the periphery B the bradn
verurred under normal conditions and sgnificantly
Increpsed with Infectlon. In contrast, LVsp? dissemi-
natetl botter W periphernl organs, We conchide tha some
Dewciarial Bpoypueotedns can disseindnoie from e perplery
o indlime the b (A Fatbed 2000 1T SaE =005
) RS R e pratin HOIEA T 2 $5)

(8|

Tha tracitional balied (s that Bactena nesd o crmoes e i
rgin bsirior (BBBY 10 :

turing sludies i mce
M fEaast Spurtchols Boarehe Meafss e Aolited wide

7HA8

spraad carehal memghass that could not be sxpdained by
1

braEin- parencihym
wch mibhe St

e g
Becawse cir |-::-'_I SIS 5T
duritg pe during intarmittan bactarema,* " e
pregbdly wes raked 1mal movaerrso ol po-rfiammesy
becieral products fom Hood to Brar rathar than the bBac-
rera themasives nould ba responsible, Ralesss of pro-n
firmmmatory bacioral products ceows from Sprochetee
el apantansny arfi-
mwed (yeis, % Fur rapEss of oukor mambrsne |
poprlens 1 cchetes imo the exlracelular arviron-
mET EEN ooowr indeperdeniy af b

Ussues R e

npysasths
rice {LPS) from Gram-negative baghana lave showr ihat 1
does pot criss the BEB bt rether appess i casse b

Irfinmmiation by Binding 2 I8 receotor, TLP4 an B
andoihelial colls." Alihough bondlia epiocholes Bck LPS,
ey o 1 an aburdance of | § proeinfammaiony
R e 3
¢ 3 Cyite
caes "™ Ranterial lipoproksne play prominsnt miss in ois-

pathopanees ' Many, ¥ not all. of melr biological
chiviies are Dependenl on lhe fipid modfosfion =
Ity of Bukanolic cels o esaond o lipopretalra. cocre-
Istug with sxpresenn of TLRZ.

Heré we studied whathar bactensl popratens e cans-
Eiber il 4 nanng o the Brain tom tha perpheny. For this
winjested e intfapedoreally with lpdated o i
braps lipoprofams Lvspl o Lyen? ol the m=lap

of hicoo

| et

o Hp wirs o

W T3, Garnar o Imemues

Genears

“We conclude that some
bacterial lipoproteins can
disseminate from the
periphery
to inflame the brain.”

Am J Pathol 2010, 176:2848-2857
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Microbiome-Derived
Lipopolysaccharide Enriched in the
Perinuclear Region of Alzheimer’s
Disease Brain

Yuhal Zhao', Lin Cong'”, Vivian Jaber' and Walter J. Luldw"***
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Atundant ciinical, epidemicicgical. maging. genotic, malecular, and pathophysi-
clogical data topether indicate that there occur an unusual inflammalory reaction
and a disruption of the nnate-immune signaling systom in Alrheémeor's deseaso (AD)
brain. Despite many yaars of intensa study, the orign and malecular mechanics of
these AD-relevant pathogenic signals are still not well undarstosd. Here, we provida
ewdence that an inlensaly pro-inflammatory bacterial kpopolysaccharide (LPS). part
of a complex mbdurs ol pro-inflammatory neurctoxne arning from abundant Gram
negative bacilli of the human gastrointestinal (Gf) tract, are abundant in AD-affected
brain neccortax and hippocampus. For the first tme. wa provide evidence that LPS
mmunohistochamical signals appesr fo aggregate in clumps in the pamnchyma
n control braing, and in AD, sbout 75% of anti-LPS signals were clustesed around
the pesiphery of DAPI-stained nuclpl. As LPS is an abundant secrelory product of
Gram-negative bacill resident in tha hurman Gl-tract, these ocbaorvations suggost
[} that & major sowce of pro-inflammatory signals in AD braim may originate from
ritemaly derved noxous exudates of the Gi-tract micmobioma: (W) that dus 1o agng,
vasculyr deficits or degenarative disease thooe neurciome molecules may “lsak” into
the systemic circulation, cerebral vasculature, and on imto the brain; and () that thes
nilemal source of metrobsome-dered Nourstoxng may ploy a particularly strong role
n shaping the human mmune system and contributing to neural degoeneration, par
toularly in the agng CNS. This “Perspecives” paper will further highbight some very
recent developmeants that implcate Gl-tract microbiome-derved LPS as an important
contnbutor to nflammatony-neurcdeganaration in the AD brain

rracroPINA, sl

Rrjwords L]
man-Co0mg ANAS

¥ Hagprraerwhion, bpopedy s, micr

“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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Pathogenic microbes, the microbiome, and Alzheimer’s

disease (AD)

James M. Hill'*4, Christian Clement®, Ailzen |, Pogue®, Surjyadipta Bhattacharjee’, Yuhai 2hao’ and

Walter J. Lukin?45%

“Carnaennn A has sy

Eutiree! aovd rewdewved Dy,

TR Lowciatish 5
Ty Meth Soe

it Wurgriany Heaitt Scwnages O

wivm Srate Univeramy Heamh Seences Carmar dow Orlaane LS4

ar, Meney Domng, USA

S Josept Gair|, Pulidelsive Collepe of Canmopaling Mmdiane, [5A

Keywonds Aldwrner’s issase, avirobiome, wius smplication, pron, siRig

Alzheimers dmease (AL] is n progres.
sive newrndegenerative dusorder and the
II:JII;IEM [Fil LT \.l.ll Ll%
ioral impairment in industrialived wed
otips, The cadde of AD & unknown drd
the major rick tactor for AL is-age. Abaul
% of all AD cases have a genetic or famil
lal cause hiwwever the vast majority of ol
Al cages (=454 are of spotilic o
gin, Hou the Eaumilial and the sporadic
form of A} share 3 common diseass
phemotype awodving at b

ve and behay-

wasl cight char-
acteristic features including (1) evidence
of uneoninelled oxaclative siress; (0] op-
regulated pro-inflammatory signaling,
changes in irnate-uramune signaling
the progressive accurmulatbon of e
meludirigy 111:||m|"lhri'l|u:,' I:Ll111||-|. ™

and armvlond beta (AR) |.l:1r|!:|i|iiu.5 senale
plagues (5P (v) significant synaptsc sig
valing deficitss (W) nearile and brain cell
atmophys [vii) progressively. altered gene
expression patierns that are different from
healthy brain eging and [vii) progresive
cognitive impairment ind desentia in the
hiwst, There is currently nn cune or ade
quate climecal troatmeent for ALY and
remaing unclear how AIY originates and
propagaes theowghoot the brain and cen-
Imil pervous syst TCNSL Resudis feom
recent genome wide association studees
[CWAS ) indicate that a significant pertion
ol Al -relevint gens sigrals are oot lecated
within gene coding regions sugpesting the
contribulon of epugensis or
mental lactors 1o ALY vigk, The potential
contribubion of patbogen microles o
aging and A is becosting i reasingdy

I -

Fronti=es in Sging Neonoscisnce

recognrzed [ Miklossy, 2001 Cha and
Blaser, 10 i

y 2013, Hedpte apd Mai

1), bmparrantly. s of the changes
seen i ALL such as mflammation, bram
cell atrophy, immunological aberrations,
wmvloisdtogenesis, altercd gene expression
and cognitive deflcits are ale seen as a
consaguence of microbial infection {15

2013 Kim ot ul

Mar, J004 Mancuss

an T
093 Mot ar
ot ol 2004) This brief commuanicatic
will revicw some recent observations on
the potemid comrBaugian of psthogens
i r|r1|m|nl.',irs|| dyshunction, with specific
teference 1o AD whisever poscble,

Firatly, hivmans contan a complex and
dynni comanunity of microbes called
the microbiome that forms a “metaoe-
gemiem with symbiotic or commensal
benefit to the bost | Cho aod Dlaser, 2002,
I b e and kw2003, He
il Slaie, fodd, The microhiome of the
human gastromntestmal (G teact con-
taing the largest roservair of microbes,
containing abour 10" microbes from
Reast )00 dastioct microbial species, arxd
outnumbering Buman host cells by about
100 ga [ {Whigman
2012 The G wact e lies been
estimated W enoode aboit 4 x 0% genes
s thie quantity of the marobiome gehes
outnumbers host genes by about 150 to
1 L Over
au gl G st miceobiom are anaerob

1 1998 Kerm e al

1 [ Bhwrachnee gnd Lukdw

swwee fromtiersinoorg

Iniversiny Heail Stknges Came Ao Oreans US4

hacteria. with fungl. protosss, srchachac-
tertn and other MICTOOEEAnIsELE rrluluns
up the reimaimmler; mteresti oaly Iwu
bacierial divisons are prominest in Gl
rract  microbiotas, including  Fiesvicse
[~51%] and Bocterardetes | ~488 ), with
the remaining 1% of phylotypes dis
iritaied  wnongst the  Ciamedaonerio,
hselkacterton, Protealiacieria, Sperochaeties,
and Verspcormicralng, with various specss
of fungl, protosea, viruses and  other
microerganizms making ap the remamdes
(At genome. gov pagesitesearchy’
sequencingiagproposalsbpmice. pulf]
OF all human G tract microbiota, bacte
rial densities of wp o 10°° per ml are the
lighest mecorded density inoany known
micrabmal - ecosvitem Wintman o

I ik

0Ol: Rhat el Lubiw, 2
et ul, J013), Interestingly, the mi
gansins raking up the soallest 1% of
the mucrobiome have o diEproportion-
ately barge eftect on disease, ond it w3

imapor fupwtion of the healthy Gl troct
microbinme o keep under contml the
provliferation of any potentially pathogen i
microbes contained withan (Hos (13
ki i, 2UEY; Hemte ard Mlanr, 20 1K
sce below ),

Recent interest w the rode of the micn
biome B human bealth and disease bas
rapidly expanded over the last several
years with the advent ol pew seguon-
ing and biomformatics technologics for
interfogating  the  genetice of complet
microbil communitien and  microbial
hest  imteractaors, There is  cwrrenty
much interest In the ahility of GI o

urm 2114 | aume 6 | e W] Y

“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 Az. Rabano Aa. Carrasco L.

i+ 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 immunopaositive 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 usmg specific anti-fungal antibodies and only a small percentage of cells contain fungi. Our findings provide an explanation for the hitherto
elusive detection of fungr 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)

* Porphyremonas * Cryptosporidium + Aspergillus
gingivalis = Blastocystis hominis + Penicillium

= Sireptococcus mutans * Human HSP-60 + * Stachybotrys chartarum

* Helicobacter pylori Chlamydia H5P-60 + Citrullinated EBY

= Campylobacter jejuni * Chlamydias * Hepatitis C virus

* Yersinia enterocolitica * Streptozymes * Cytemegalovirus

» Clostridium difficile * Streptococeal M Protein * Human Herpesvirus-6

2 mL Serum * Candida albicans * Mycoplasmas * Borrelio burgdorferi

* Rotavirus « Acinetobacter * Babesia+Ehrlichia

* Entomoeba histolytica * Klebsiella + Bartonello

= Giardia lamblia * Mycobacterium avium

CLINICAL USE: RECOMMENMNDED FOR PATIENTS WHO:
]mmm_ — m -. .--..-..- gt s b L LD W B nya et B Lt S
fnﬂmmuhlﬂtmmnﬁmmm

mmﬂﬂﬂwmﬂ

Mm*ﬂ\nﬂn;ﬂ'.mnmnfﬂlrﬁﬂ wmmr
MMWW multiple
autoimmunities,

Hmmﬁnympmdudmmmcmmﬂnm
such as detoxification and dietary m

Detection of high levels of 136 antibody
against the tested pathogens is nat
indicative of acute infection. - F e S S T
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16S rRNA Next Generation
Sequencing Analysis Shows Bacteria
in Alzheimer’s Post-Mortem Brain

David €. Emery ", Deborah K. Shoamark®, Tom E Batatons’, Christy M. Waterfall®,
Jane A. Cophill®, Tanya L. Cemnjownka’, Maria Davies?, Nicola X. West* and
Shedley J. Align "
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Tha neurciogcal detaroration assocaled with Alrhimers diseasa (AD), rwvoling
accumuation of amylosd-beta peptides and newrcfbrllary langles, 8 assocaled with

mident neuronfammation. This is now seen 1o be a ..qu."'l ant contribulor 1o pahobmr
Roecantly tha tenat of tha priviegad status ol tha brain, regarding microbal compeomisa,
has besn quosboned, particularly in ferms of neurodagenarative dissases. |t is now
baing considgarad thal microbwicgical incursion Mo the central NervoUus Sysiam Could
bo athor an intistor or significant contributor 15 these. Tha & a novel study using
165 rbosomal gane-spaciic MNed generation sequencing (NGS) of axtracted brain
tissue. A comparson was made of the bacterdal species content of both frazen
and formaldehyde fxed sections of a small cohonl of Alzheimer-affected cases with
thosa ol cognitivaly unimpared (normal, Ouwr fndngs sugges! an increasa In bactaral
populations n Alrheimer brain tissus compared wilh nomal.

Eeypwarn; Alphsrness dassss (ADY baclenia, Piman b, (55 rHA, na it garersion gy (HGE]

INTRODUCTION

Pathalogical triggen, culminating in the eventual o of cognitive function in Alsheimer's disease
(AD], are widely acknowledged to occur p 1o two decades before symptoma artoe (Rateman of al
20020, It s acknowledged that the increased hevel of amylodd AB2 in the brain parenchyma, due to
either incrensed production of pmyloid or its decressed removal, is liely to contribute subatantially
lo this. However, undentanding why the presence of excensive levels of AR do not neceisarily
resull in cognitive impatrment (Katoman o al, 1988 Huletie ot al | 1598 Price and Momis, 1555
Alpenstein et al | 2008, Espares ot al |, 2013) may be related 1o the known role of inflammation and
the importance of the reipoase of the innate immune systermn. which are also recognived as essential
factors (Heneka ef ol 20156), The common sporadic form of AD ariaes from a large number of
possible risk faciors. The presence of the E4 polymorphism of apolipoprotein E4 (AFOE4) has
long been known to be the most potent nak factor for sporadic AD, second anly 1o age. One
remon for this is likely to be it importance in the cosrance of AR, another may be its infloence
on mﬂ.m:rn-liurp reiponse and it sdverse influence on the integrity of the blood brain barrier
iﬂ-l!‘ Bell 20120, which s pertinent when dbcuning the level of privilege the brain retatn (Yo
014). The E4 polymarphion is pmnihmuhlﬂ- unliiie the mare commeon E3 form, which
Eulll Mﬁ suppression of inflammation (Lallu et ol 2000; Guo et al, 2004, Chen ot al, 2005)

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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Microbial-generated amyloids and Alzheimer’s disease

(AD)
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INTRODUCTION

Atypical amyloid generation, folding,
aggregation  and  impaired  cearance
are characteristic pathological features
of human neurodegenerative disorders
including Alzheimer's disease (AD), What
is generally not appreciated is that & major
secretory product of microbes i amyloid,
and that the contribution of microbial
amyloid to the pathophysdology of the
human central nervous system (CNS) s
potentially substantial, While earlier find-
ings suggested that these amyvloids may
serve some immune-cvasive strategy, it has
recently become evident that humans have
a tremendously hesvy systemic burden
of amyloid which may contribute 1o the
pathology of progressive neurological dis-
eases with an amyloidogenic component.
inroads made into our understanding of
the enigmatic role that microblal amylaids
may play i the homeostass and pathol-
ogy of the CNS with P.l.ﬂi:u]n.t reference
10 AD wherever possible.

AMYLDID: MICROBIAL AND CNS
SOURCES

"Amyloid” is a generic term for any aggre-
gated, insoluble, Hpoprotein-rich deposit
exhibiting P-pleasted sheet  structures
ariented  perpendicular to the fibril-
lar axis (Steenwma, 2001; Badiee et al,
200 Blurrco et al., 23012; Buxbawm and
Linke, Ii12). Amyloids sre character-
ized by an apple-green birefringence

Fromiiers in Aging Neurosclience

(hsws ~555nm) when stained with
the secondary diazo-dye Congo-red
(hous =498nm) when viewed under
polarized light (upon binding to amyloid,
Congo Red displays bright fluorescence
emission 81 kg, ~6ldnm after exc-
Etion 8 hee ~497nm;  Alemandrov
et al, 2011; O'Brien and Wong. J011)
Amyloid fibrillation is  initisted by
welf-aggregution of protein monomers-
into-dimers, oligomers and fibeils, which
accumulate over time, and this process &
thought 1o result from the hydrophobic
nature of the aromatic amino-acid pep-
tides comprising the primary sequence of
the amyloid (O'Brien and Wong 2001
Luldw, 2002). 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 measurcable wavelength shifi
and apple-green birefringence is the hall-
mark of all amyloids and is the “gold
sandard” in the diagnosis of amyloido-
genic disense (Linke, 2006; Busbaum and
Links, 2002). The polymerization of amy-
loidogenic proteins is cooperative, and
can be accelerated by amyloid aggre.
gates derived from the same protein in
& selective "seeding” process. The identifi-
cation of the "amylome,” & dassification
of amino acid sequences within pre-
teins with intermal, self-complementary
interfaces and high Giber-forming propen-
sity has improved our understanding of
the capability of different proteins o

weww fromtensin.org

form amyloids that contribute to “dense-
deposit” disease (Goldschmibdi e o,
2000 O'Brien and Wong, 2001; Lukiw,
2012). The pathogenesis of discases that
sccumulate amyloid, including ALY all
imvolve & marked inflammatory response
it sites of amyloid deposition, and this
is mediated by microghial cells, the "nov-
ing macrophages™ of the CNS. Microglia
appear to ulilize molecular sensors on
their external surface, such as the Toll-like
receptor 21, TLRZ, to recognize sbnormal
forms of amyloid and initiate a phago-
cytic or "chearance™ response (Thao ot al

2001%; Ferrera ot al. 2014; Jones ot al,
2004), Here we describe 3 relatively recent
collection of stimulating rewcarch at the
crossroads of microbial and AD amy-
loids highlighting 5 recent, specific and
illustrative insights into the potential con-
tribution of microbial-derived amyylobds 1o
CN3 amyloidogenesis and AD.

MICROBIOME-DERIVED AMYLOIDS

The microbiome is the aggregate of all
microorganisms that reside on and within
the human body, forming & complex
ecosystem that includes the kin, oral and
nasal mucoss, the urogenital and gasroin-
testinal (GI) tracts, The microblome of
the GI tract is by far the largest reser-
voir of microbes in the human body,
contining about 0% microbes; over
99% of microblota In the Gl tract are
anaerobic bacteria, with fungi, protozoa,
archacbacteria and other microorganiims

Febryary I0UG | Viglcme 7 | Arncie 8| 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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The Alzheimer’s Disease-Associated Amyloid f-Protein Is
an Antimicrobial Peptide
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Abstract

Backgraund: The armylaid [Fproten (AR is believed to be the key mediator of Alzheimer's discase (ALY pathology. Afl &
mast often characterized a5 an inckdental carabolic byprodact that lacks a normal physiological role, Howewer, Ay kas been
shown to be a specific ligand for 3 pumber of different recaptors and other molecules, ransported by complex trafficking
pathways, modulated in rasponse to a varlety of environmental stressors, and able to induce pro-inflammatory. activities,

Methodology/Principsl Findings; Here, we provide data supporting an in vivo function for A as an antimicrobisl peptide
1AMPY Experiments taed established i vilro assays 10 compare antimicrobial actihvitlies of Al and LL-37, an anchetypical
humaen AMP. Findings reveal that AR exers antimicroblal activity against eight common and clinically relevant
microorganisms with a potency equivalent to, and In some cases greater than, LL-3%, Furthermone,; we show that AD whole
brain hemogenates. have significantly higher antimicroblal activity than aged matched non-AD samples. and that AMP
acticn comoiates with tissue Al levels, Corsistent with Afl-mediated activity, the increased antimicrobial action was ablated
by immunodepletion of AD brain hemagenates with anti-Al antibodies,

Conclusions,Significance: Our findings suggest Al is & hitherta unrecognized AMP that may normally function n the
innate immune system, This finding stands in stark contrast to ourrent models of Al-mediated pathology and has imporiant
implications for ongoing and future AD treatmeant strategies
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“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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Olive-Oil-Derived Oleocanthal Enhances f-Amyloid Clearance as a
Potential Neuroprotective Mechanism against Alzheimer’s Disease:
In Vitro and in Vivo Studies

Alaa H. Abuznait, Hisham Qosa, Belnaser A Busnena, Khalid A. El Sayed, and Amal Kaddoumi®

Depastment of Basic Pharmacestical Science, College of Pharmacy, Univensity of Lockiana at Monsoe, 1800 Bienville Drive, Maonror,
Louiiana 71201, United States

ABSTRACT: Oleocanthal, 2 of extra i:

virgin olive oil has been recently linked to reduced risk of ¢

Algheimer's discase (AD), a disease that is P

lscimiond by sialidion: of frasliid, (Af) sadtin . l

proteins in the brain. Howeves, the mechanism by which i}

oleocanthal exerts s effect is sl incom {:
Mmdmmilkmnwtﬂthmmﬂhm e g

’ h‘h Id’l |tlw N —

dmum&mhhhmw*qﬂmnofﬁ-ﬂwﬂ:h d—»
El‘-‘p]).ml wx,liwpmm receptor Mﬂm p—

LRPI ' tramaport proteing, at the -

basrier (HBB). Results from in vitro and in vivo sludies demonstrated smilar and consistent

R In conclusion, these findings

patiern
Mmmmmmmmmwmmrpm mlwmmdnm Brain
of ol | extracted from

ey indes (BEIN) studies of "LAJ,, showed that ad

alive ol to

CS57BL/6 wild-type mice enhanced "I-Afly, leatance from the brain and increased the BEI from 610 4 30% s

mﬂmr

to 79.9 + L% for oleocanthal treated mice. hdmd?wﬂmlqtrdnumlﬁrhdn-— dx and i

confirmed the role of up-regulation of these

in enhancing "'1-APy clearance after olescanthal ml.thmm

protens
our reralts demonstrated significant increase in LA, ﬁ-p:dnhnuamkﬁ‘lhrwﬂphmdhﬁdrmdqm

following sleocanthal trestment. In condusion, thee

Endings provide exp that sk of AD

mwiﬂhmuﬂpd:nﬂwﬂhmﬂﬂdhmhmd'”dﬂnmﬁmﬂrm
KEYWORDS: Mﬂ-ﬂjﬁﬂmwmwnml HHE

be Mediterranean diet is amocisted with beneficial bhealth
propertics against Alrsheimer's diveass (AD), & neuro-

vitre and in vivo dien have d d that olive ol

phenolics have positive effects on certain physiological
perameten such 2 pluma Epnpﬂ.e{m; eadative 1.l:m|;!P

provide experimental support that
potential reduced risk of AD
associated with extra-virgin olive
oil could be mediated by
enhancement of AB clearance

worldwide." Epidemiological studies indicate that the preva  inflammatory markens, platelet and cellalir & i
lence of AD and upnln':l decline ks low mu:ﬂ;:& hﬂmwﬁb;hﬂhm from the braln-
Mediterranean area populstions ¢ 1o those of other Almng'!ll,': ke olive odl tita [ =) olescanthal, 2

geographical regione of the workd '™ (hltnlop.llm:npmml
thtﬂtm&uﬂypﬂmhhw
nlnn:pmdjmul{l{\-m} Typleally, the intake of EVOO
rm;n&wnlihidml.pdﬁlrhﬁ-ﬂt&ntmmﬂ“
Therefore, the spparent bealth benefits have been partially
attributed to the dietary consumption of EVOO by
Mediterranean populstions.

Histarically, the health promoting properties of EVOO were
attributed to the high concentration of moneunsaturated fatty
acds, in % oleic acid, contzined in EVOO. However,
abmmhqhmmmnmna{nlmhibm:dﬂn
the same health benefits as EVOO." ™ In addition to oleic acid,
EVOO containg & minor, yet significant phenalic fraction that
ather seed oifs lack and this fraction ha geoersted much
interest regarding its health promoting properties. Currently, 36
phenolic compounds have been identified m EVOQ and in

L4 ACS Publicabions = 1) amoice Cremial Leariy

wra

proportes
wmrrular to the nonsteroidal antiinflammatory drag ibupeofen
[—)-Oleocanthal i the disldehydic form of (—)-descetaylig:
stroside ghreaside responsible for the bitter taste of EVOO, and
it chemical structire is related to the secoiridoid glycosdes
Bgstroside and in, which are slo common in EVDO,
Chemical structure of oleocanthal i shown in Figure 1.
Recently, oleocanthal hae been demonstrated ta have
potential nesroprotective properties and contribate to
preventing cognitive  decline doe to neurodegenerative
diseasen.'” " This has been supported by population-based
studies indicating that Med diet, rich in alive oil 1nd
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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.



Brain on Fire

Glutamate Excitotoxicity
Mediated Neurolnflammation

A (5)
TNFa, IL-1f,
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ROS: Neurotoxic agents: BBB
peroxynitrite  TNFa, IL-1B, cathepsin permeabilization
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Neuronal cell death

Immune Activators

* Lyme and Coinfections

* Viruses (e.g.HSV-1, HHV®6, etc)

 Beta Amyloid

* Multiple Other Infectious
sources e.g oral/gut bacteria

* Some Environmental Toxins hit
immune triggers (e.g. mold
toxins, heavy metals, etc)
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Amyloid proteotoxicity initiates an inflammatory response

blocked by cannabinoids

Antonks Currals', Cswald Quehenberger™", Aaron M Armanda’, Danlel Daugherty', Pam Maher' and David Schubert'

The beta amyioid (Af) and other aggregating proteins in the brain increase with age and are frequently found within neurons.
The mechanistic relationship between intracelliular amylold, sging and neurndegeneration i3 not, however, well understood.

‘Wi uie b protectoadcity model based upon the inducible sxpression of AR in & human central nervous systern nerve cell line 1o
characterize » distingt form of nerve coll death coused by intraceliular AR, B is shown that intracellular AB inftlates a toxic
inflammatory response leading to the cells demize. AR induces the expretsion of multiple proinflammatony genes and an incresse
In both arachidonic acid and eicosancids, induding prostaglanding that ane neuroprotective and leukotrienes that potentiate death.
Cannabinoids such as tetrbydrocannabingl stimutate the removal of intraneunonal A8, block the inflammatory response, and are
protective. Altogether these data show that there is a complex and likely autocatalytic infiammatory response within nerve cell
caused by the accumudation of intraceliutar AR, and that this eary form of protectomicity can be blocked by the activation of

cannabinold receptors.

npf Aging and Mechanisms of Disease 2016) 2, 16012 doi:10.1038/npjamd 201612 publivhed online 23 June 2016

INTRODUCTION

Merve oell death from the accumulation of aggregated or amylosd-
like proteirs is a common therme in most age-dependent
neurodegenerative diseases. Howaver, there am no drugs that
significantly inhibit cell death assoclated with Alzhelmer's diserse
(ADY, Parkinson’s of Huntington's diseases. This could be because
mest intenest has been in the late manifestations of the disease,
st in the initial changes in cell metabolism that uitimately lead to
nerve cell death,” In the context of e 1pan, dowing down the
removal of aggregated proteins in the brains of flies shortens e
span, while expediting their rate of removal extends life span’
Therefore, & s lkely that the accumulstion of intracefiular
aggregated protein in the brain occurs throughout life. con-
bbulgstﬂ:ngrﬂﬂuenglng_mqunlmbelmuhﬂdhlhe
initiation of many old age-amociated diseases.

Although debated,* the accumulation of intracellular amvyloid
beta (Af) s an early event in AD. In both humans and rodents,
intracelhdar AR sccumilation b obierved well before extracellular
armyloid ** Simiary, both aggregated huntingtin and aipha
synuciein are found in neurons before disease onser™"™”

As with the accumulstion of intracellular proteini, central
nervous system (CNS) inflammation s elevated with age and
increases in dissase. ' As AD b associated with neuronal dysfune-
thon, we hypothesized that proteotoxicity in nerve cells them-
selves may inlthate an inflammatory response that can lead directly
1o their death and contribute 1o overall inflammation in the CNS.
The following experiments identify the molecular basis of this
inflammatory response using @ human CNS nerve cell line that
conditionally expresses AL

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

"Codiat
snd "Deparime=i of Medcine. Uniersity of oo Sen Diego. Lo jofa. CA. USA.
Commpandenie: O Shuber (s hutert@usiuadu)

Recorend 3 banuary 2018 sccepted 16 Sebrasey 1008

wircycing (tet)3emitive promoter.” The parent cell line is
SH-N-MC from a human brain tumos, and t has an slectrically
excitable membrane typical of neurons™” When 12t i withdrawn,
cells express C-99 that s converted to AR by y-secretase and the
eells die within 4 days (Figure 1a,b). AR remaini within the cell and
forms aggregates.' ™ In the presence of y-secetase inhibitors {S1,
cells accumulate C-99, but do not die, and C99 does not
aggregale.

Intraneuronal AR indutes the expression of proinflammatony
miolecules

inflammation i ssocisted with the elevated expression of
cytokines and chemokines. To assay for the expression of these
genes following the induction of AR in MCGS cells. the mRANA
expression of 184 inflammation-associated genes was avsayed
sequentially for three days Table 1 shows increases in the
expression of 12 genes. .

IL-8 expression is linked to late onset AD."® Importanty, L-8
crosses the blood brain barrier and stiimulates the recruitment of
immune cells into the brain.'" Al causes a 10-fold increase in L8
gene expression, and IL-8 s detected in the culture supernatant
2 days after the induction of Afl (Table 1).

It was next asked whether the intracellular expression of Afl
leads to an increase in proinflammatory pathways. NFKB s a
ubiquitous proinflammatory molecule whose activation includes
phenphonyation. Phosphorylation of its p6S subunit B increased
following the expression of AR in MCAES cells [Figure lcd)
Iinflammation ks also assoclated with the activation of caspase 1.
Figure 1c.d shows that following the expression of AR, caspase 1 is
activated a3 defined by the appearance of activation-dependent
clesvage products.

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

: Labaoryointy, Thab SN INANTITS fiw Bilegecal SEafien, LD ok, CA, UL “THomrant of Prassnadisogy, sty of CaliSoria S Duge, Ly lota, CA, US4

“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 p-amyloid induced
neuroinflammation by suppressing IL-1p and iNOS
expression

G Esposito’, C Scuderi’, C Savani', L Steardo [r%, D De Filippis®, P Cottone', T luvone®,
V Cuome' and L Steardo’

'Degraartencnl of Heman Mysiology and Phanmacelogy *V Erspamer’, University of Rome ‘La Sapienza’, Romie, laly; '?Lh'pur.r.ruur!
aof Psyelelatry, Medical Scheol, Seconad University of Naples, Naples, faly and *Departenent af Experlmental Pharmacology, Unbversity
of Naples Federten 11, Naples, ftaly

Background and purpose: Pharmacological inhibition of beta-amyloid (Afi) induced reactive gliosis may represent a novel
rationale to develop drugs able to blunt nedronal damage and slow the course of Alzheimer's disease [ADY), Cannabidiol (CBLY),
the main non-psychotropic natural cannakbinoid, exerts in vitro a combination of neuroprotective effects in different models of
AR neurotoxicity. The present study, performed in a mouse model of AD-related neurcinfiammation, was aimed at confirming
in viva the previously reported antiinflammatory properties of CBD.

Experimental approach: Mice were inoculated with human Al (1-42) peptide into the right dorsal hippocampus, and treated
daily with vehicle or CBD (2.5 ar 10mgkg ™', i.p.) for ¥ days. mRMA for glial fibrillary acidic protein (GFAP) was assessed by
in situ hybridization. Protein expression of GFAP, inducible nitric oxide synthase (iMNO5) and IL-1) was determined by
immunofiuorescence analysis. In addition, ELISA assay of IL-1} level and the measurement of MO were pedormed in dissected
and homogenized ipsilateral hippocampi, derived from vehicle and AP inoculated mice, in the absence or presence of CBD.
Key results: [0 contrast to vehicle, CBD dose-dependently and significantly inhibited GRAP mRMNA and protein expression in AR
injected animals. Moreaver, under the same experimental conditions, CBD impaired INOS and IL-15 protein expression, and
the related NO and IL-17 release,

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

British Journal of Pharmocclogy (20007) 157, 1272-1279; doi:10.1038/4.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 Il
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,



{rontiers in
PSYCHIATRY

=

REVIEW ARTICLE
mmm

Treating depression and depression-like behavior with
physical activity: an immune perspective
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The increasing bunden of major depressive disonder (MDD, WiHO
2008y makes the search for an extended understanding of oti-

The ncreasing burden of mapr depressive desorder makes the search for an extended
understanding of etology, and for the developrnent of additional reatments highly signi-
cant. Biologecal factors may be useful biomarkers for treatment with physical actviry (PA),
mdmxﬂahgﬁaﬁwmuf“mh:ﬁnmhmmmmﬁmﬁm.
This paper prowvides a therough and up-to-date review of studies examining the neuroim-
munomodulatory effects of PA on the bran n depression and depressionddie behavors.
From a neuraimmune perspactive. avidence suggests PA does enhance the benefical and
reduce the detnmental effects of the neuroimmune system. PA appears to increase the
followang factors: mterleuln 0U-10, 118 (acutely), macrophage migration mhibitory factor,
cantral nervous system-spectic autoreactive CO4+ T cells, M2 microgla, quiescent astro-
oytos, DGCLY, and msuln-lke growth factor1. On the other hand, PA appears to reduce
datrimental neurcsmmune factors such as: Th1/Th2 balance, pro-inflammatory cytolones,
C-reactrve proten, M1 microgha, and reactve astrooytes. The effect of other mechanisms is
unknown, such as: CD44-CD25+ T regulatory calls (T regal, CO200, chemokanes, miHNA_
M2-type blooddernved macrophages, and twumor necrosss factor (TNFla [va receptor 2
[R2}]. The banaficial affects of PA are Kkely 1o ocour centrally and penpharally la.g.. in wis-
cural fa1 reduction), The imestgaton of the neurommmune effects of PA on depressson and
depression-like behavior is a rapudly developing and mportant fisld.

Kaypwondy: plyscel actiniry. . dppstecen, payohiedry. o mobogy

{5-HT), 25 well 25 nearolone bevels of ghotamate (GLLY) and tryp-
tophan catabobites |, reduced hippocampal (HC) nenroplasticity

ology, and for the development of additional treatments highly
mgnificant. The global "pandemic™ of physical inactivity (Lee
et 2l Z017) — a2 sgnificant cticlopical factor for many non-
communicable diseases, nchading depresson (Garber et al, 20011
Kaohl et al. 200 23 Loe et al, 2012} - a5 well 28 the prowing evidence
mpporting the dinxcal oulty of physical sctivty (PA) m many
psychiatne disorders, make the biological effects of PA highly rel-
enant (Knochd et al. 201 Laotenschlager et al, 2012; Rimer
of ol 201 1), Baologcal Bsciors may be msefial biomarkers for treat-
ment with PA. and nearobiological effects of PA may hersld new
therapeutic developmenits i the foture.

The newroimomuone system is ium portant in the pathogenesas and
pathophysiology of depression-Jie behaviors (Fvie amd Baune
201 2¢). Ekrvations im pro-inflammatory cytolines (PCs), cmsing
nearomilammatson, are well known to be imvolved in the devel-
opment of depression-like behavions - .. sicknes-like behiavior,
cogniteve dysfunction, and anhedonia - mprr-dmdmd:hm
cal popalations (Dantzer of al., 2008 Mo foose and Baune, 2009
Miller et al., 2009). The imvolvement of PICs in the development of
deprotsion- like behavior i oflen referred 1o 28 the cytokine modd
of depression (Dantzer of al., 2008; McAfoose and Baune, 2006
Rliller et 2l MO9).The neuminflammatory date is associated
with neurotransmitier dysfunction |eg.. reductions in serotonin

| e.g-.. Berrogenesss, synaptic plastsaty, and long- lerm potentiation
(TP}, eaidative stress, and glococorcoid msenstvity (1 anines
et ol 2008; Miller of 2l 3009 Eyvre and Houne, 3012
and Maes, JO12 Movian et 2, 2013).

A varicty of novel neoroimnmune mechanisms may also be
immived i the devdopment of deprossion-hike behavions (Eyre
andd B, 200 2z Litteedl, 201 7). Celular immine Bctons inchode
varows T cells |eg.. CO44CDI54 T regubtory cells (T regs),
CNS-specific anlorcactve CDE4 T cells] and macrophages (6.8,
M2-type blood-derived macrophoges) involved in the model of
pmmmmmmmlm:r‘xhw-' and Shechier, 20101
Martino et al. X011 Bon- Hasel of al . 201 1) These neanoprotective
immune cells - found to releas neurotmphic Bcors and anti-
mflammatory cytokines (AlCs Sctrwarts and Shechter, 20010atg
Martino et al. 291 1 Ron-Hare et al, 201 1) —may be dysfanctional
in the discane state | Scheearts and Shechier, 20100). Moreover, the
function of immunomodulstory proteins such as CX3CL1 (aka
fractalkine; Roger of 3. 201 1; Corona of al. 2017 Granti et al.,
200 I}, imsulin- hke growth Gacor-1 (FGF-1: Park o1 al, 200 a), and
D 200 (Lyons e al., 20073 Odo et 3l 2017) may be reduced.

In clinecal stodies. PA has shown efficacy in the treatment of
MDD (Humer @ al, 2011), schizophnmia (5CZ Knochel o al,
2001 7). anxiety-based disorders (Aumundson o al. 2013), and in

Loonard

IFabruary 7003 | Volurno & | 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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Beneficial

T AICs: IL-10

(acute), MIF

CD4+ T cells

Unknown

miRNA, IL-4, M2-type

blood-derived
macrophages, TNF-a via

FIGURE 2 | Physical activity in depression: antidepressant via
enhancing the beneficial effects of the neurcimmune 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 t0 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

1 Immunomodulatory factors:
CX3CLI1, IGF-1

Detrimental

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

| Glia: M| microglia, reactive
astrocytes

system and reduce the detrimental effects. From a behavioral
parspective, 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
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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









Para-arterial
CSF influx

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 Instiute of Neuroscience and Mental Health, University of Melboume, VIC, 3010, Auslrala. Eleclronic address:
scotl.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 A 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 resuiting 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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Metal lons and Intrinsically Disordered Proteins and Peptides: From Cu/Zn Amyloid-B to General Principles.
mer_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-§ (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 biclogical 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-Ap 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 reaclive oxygen species. (v) Other, more specific catalysis
(like enzymes) is very unlikely for Cu/Zn-AB. (vi) The Cu/Zn exchange reactions with AP 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

Background: The preducton of peroxide and superoxide is an inevitable consequence of
nerobic metabolism, and while these particular ‘reactive owygen species’ (ROSs) can exhibic a
number of biolegical effects, they are not of themselves excessively reactive and thus they are not
aspecially damaging at physiological concentrations, However, their reactions with poorly Kganded
jron species can lead to the catalytic production of the very reactive and dangerous hydrowyl
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
combination of {su)peroxide and poorly liganded iron in a farge number of physiological and indeed
pathological processes and inflimmatory disorders, especially those Involving the progressive
degradation of cellular and arganismal performance. These disenses share a great many similarities
and thus might be considered to have & commaon cause (i.e. iron-catalysed free radical and especially
hydrawxyl radical generation},

The studies reviewed include those focused on a series of cardiovascular, metabolic and
neurelogical diseases, where iron can be found at the sites of plagues and lesions, as well as studies
showing the significance of iran to aging and longevity, The effective chelation of iron by natural or
;:.-‘luhr;{l( 1|g.1|1d.1 is thus af major phynlulnglul (and pu:enr_mlly tl\erapwmq importance. Ay systoms
properties, we need to recognise that physiological observables have multple 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 same circumstances (especially the presence of poorly liganded iron) molecules that are
naminally ancioxkdants can actually ace as pro-axidants. The reduction of redox stress thus requires
suitable levels of both antoxidants and effective iron chelators. Some palyphenalic antioxidants
may serve both roles.

Understanding the exact speciaton and liganding of iron in all it states is dhus crucial to separating
its various pro- and anti-inflimmatory activities. Redox stress, innate immunity and pro- {and some
antl-}inflaimmatory cytokines are linked In particular via signalling pathways Invalving NF-kappaB
and p38, with the oxidative roles of iron here seamingly invalved upstream of the lappaB kinase
(IKK) reacoon. In a number of casas it is possible to identify mechanisms by which ROSs and poarly

Conclusion: Overall we argue,
by synthesizing a widely
dispersed literature, that the role
of poorly liganded iron has been
rather under-appreciated in the
past, and that in combination with
peroxide and superoxide its
activity underpins the behavior of
a great many physiological
processes that degrade over time.
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Insights into antiamyloidogenic properties of the
green tea extract (—)-epigallocatechin-3-gallate

toward metal-associated amyloid-p species

Suk-loon Hyung®, Alaina 5. DeToma®, Jeffrey R. Brender™®, Sanghyun Lee”, Submmanian Vivekanandan®®,
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Detpite the signifiance of Alshamers dwese the Enk belwesn
metalasodstod amploid-f (metal-Afll and deeme etidogy re
mair unclesr. To shucdste this rdatiomhi p, dhmecal tooh @pable
of spedfically wrgeting and modulating metal- Af species are
necemary, slong with a fundamental undertanding of their
mechanism st the o evel Horsin, we meitigated and
compared the ineracions and readivities of the green tea
axtract {=)-apigalo atechn-}-gallate F2R.18-5.7d ydraxy 2 -
(1.4.5-trity drowyphany 3, Sdivydro-2 W Hiereopyran-d 40 1454ri-
hydrosybonzoste BGCG). with metal [Cu(l] and Eofl j-Ap and
matakfroe Aj spocies We fTound that EGCG interacied with
metaAR pede and formed small, umtrodured Al aggr agates
more noticesbly than in metal-free conditions in vitro. In sddi-
tion, upon incubation with EGOG, the touicity by met sl
free Af and metal-Af won mitigated in lhvng cel. To wderst and
this mactivity sl the maenuer lovel struchersl isights wore
obtsined by ion mobiity-mms spcrometry (M-MEL 20 NMR

ional methods These wudies inds

un e ity of Mchgan, Ann Aor, M1 SE10%

ol for mere b

b T2 23010

Af inlemction have recently beon prepared or identified via
rational sructune-haod design dralegon of satematic selection
ol nafural products.

Naterally occurring Bavonoids have been shown 10 intemcl
with amylosdogenic peplida and ameil or redirect aggregaion
patbways {19-26). These studies hove mainky been condeciad
under metal-Iree condithom. For example, the green les ex-
uxl_1 e .iimledunj-‘xl.ll.r. (2R, 3R)-5,7 A Bwdrowy- 2-

I!prl ()3 h-hidee- 241 beprogaran- 394 345
uizﬁ-uqhmu: EGOG: Fig 14] is known ad an antioukdel v
and antHinflammatony sgent for nomerous human disested
(27 and has exhibliod antismyloadogends reactivity wilh vanos
i s-rd adod peptices (eg. AR, a-amociein, idel amyloid poly-
gﬂi!e, semen-derived enhancer of virus infection) (19-21.24,

28-31). Nonlonic amorphous species were observed upon
incubation of esymuckein or Af with EGCG in the absonce of
metdl ook, presumably through the diract peptide-EGOG
interactions that wene 1o alter the peptide amembly
from the expocted fbillar structures in favor of an off-patw sy
intermediate (X0, 21 ) BGOG has alo heon shown 10 fastmcture
prelormad metalfree AR sggrepale into unstiuctused, dlable,

Thas, we
Mr-ﬁlyﬂ!ﬂ:ﬁ Imﬂmwlﬁ-ﬂl-m

aemybied § pop e | metal s | AU product | Sy eedegaeets

brain of individuals with Alsheimer's discase (ADD) hm
protan aggregates composed of miniolded amyloid- ) (AF)
peplides (1-4) The AP peplides mre produced endogenowily
o gh £z ymmates dun.': of amyloid precuror prodein. AR
mcnoam s can nafold and oligomen® o vanows inte modates
hefore the formaton and dongaton of Bbals that edabil a char
ademic crom—f-abect struciure (1-4). The accumulaiion of
sppregated AP specien hm beon o key feature of the amyloid
cascade hypotheds, which ciles that these aggregales me pod-
wible cousative agem in AD. In addition, (raminon melals
such ss Cu and Zn whose muregulsies loaads Lo aberrant
nearonal func bon, have a & ad link 10 AD thulan‘[L
3-8) In vitno and in vivo lhg:: bave FdeTﬂdﬂm for
the direct interactions of metal lons with AP and thelr presence
within Afl f Mﬂﬂulhrhwl:mdnui-mdlnd
A {met ﬂ ) species. These metal-AP species have been
implicsted in process that could lesd to neurotomicity (eg..
metakinduoad AR aggregation and metal-Af-madisied reacive
onygen apcis geaeration) (1, 3-8) The imohement of metal-
Ap 1p¢::iel inAD pllh:‘em o mcer, s mol boen dxu]’
elocidated. To sdvance owr undentanding of the potential
nearolodeity of metal-Afl species, el forts 1o develop chemical
lndl- capable of interacting direcily with metal-Ap specia
ing thair reactwily in vitro and in blologic al sys-
um- am under way (1, 8-18) In particuls, novel bifenc-
tional compounds that contain clements for metal chelation and

A g Al 18 1 0T ) AT TID

and ok conformations ([21). These obsorvations sggest
& broad abdity for EGOG o derpt cah-stge and lilestage
aggregal oomset Although BEGCG b ako sble 1o chelste
m:t.iu:u(i 1), s influence on metal boand AP stnsctune
and reacthily has eol oo Tully checidaed (34).

Here, we prasent the ability of BGOG 1o modulate metal
[Cudll) o Zaf ll}|-induced AR aggregal ion to produce wmall,
wnstructured pepide aggrogaies 1o a different ¢xient than metal-
free AP ageregation, which may vambie 10 reduced matal-Af
toncity in bveng cells To mtionalice the antivevioddogenic re-
activity of BGOG m the molocular level, Aflinteraction properies
in Uhe abe noe and presenos of metal e were (mastgied by o
moblity-mais spectromety (IM-MS) (35 36) and 2D NMR
spoctioaoopy. Our IM-MS and 20D NMR eults were also sup-
ported by moleculsr dynamic (MD) smulitiond 1o creale
a comprebawive molecular-levd mechandsm of EGUO action
and reacivity. The mivmctions of BGOG with metal-ree Afl
monomers and dimen indoced stroctumlly compact peplide
codormuations that hlely ked o the gone mtion of amorphous A
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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

Suzhen Dong'*, Qingwen Zeng'”, E. Siobhan Mitchell’, Jin Xiu®, Yale Duan'", Chunxia Li*, Jyol K.
Tiwari®, Yinghe Hu'~, Xiachua Cac", Zheng Zhao'*
Ty Labwsa iy of Bk Pursctiotud Coraasion, Minisry of Edu o, Shargful, Koy Labomatody of B Puretind Soroesies, il Owena Soemal Uiand s gl

Earey 3 i Ry el gl y Fe wor o e Chovu Moy Undear il TR, Ohir, 3 Unelbes BAD, Wik ediregen, The Mool Paaty il & Urdloses RADH

B e, D, § Uil BAD, Barcpiiose, Wl

Abstract
Curcemin has been demomibrsied o e

curcumin-lortiSed diet 1. Curcumin
mummmmunmu

Cown chonid ores: The re sty B neutogenesii- and
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cognition n humans and newogenesl in animaly yet the mechanism of such effects remains uncleat

- We s sed bebaviowal perfonmance rolferagion in s after 6 and 12-week

sy mewmpsmumwwtuIMn

enckeriylng mMmechandstic pathiny s that might link curcumin tre stment 1o

Increaied cognition and Rewogenein via dxon ey analy of comical and hppocampal mRMA trarcription. The resiits

revenled a tanscriptionsl network interac tion of genss Inobed in neurotrarsmindon, newonal development, sgnal
ansduction, and metaboliim in response 1o the ourcumin teatment.

gt cogRmion-enhancing potent
ayed raty, which masy be dus 1o s divens sffects on genes related 1o growth and plagicity.
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Introduction

‘The palyphesol compeund currumsn = te main compooent o
termeric curcumnaids derived fom tameric pace, which exhibit
many therspruse pogertes Numerom sedies haoe shown that
curcumin posseses ot only st-nflenmation,  and oxiduive
strem, and tumor meducton properties [1], bat abo neumopobec-
o g 2 wide sectrum of rrurodegeneratve conddans
ennal models [7]. Dhee o s hemapeni potrstal orcenn &
currently undergoing human chnical trials for treasng nflenma-
m\!rhhd d!-lmmfﬁﬂ'l of cancer |Ir

In meent vears the forms haa been shifed B neurmprosective
efecn of arcumin on cognition. Epidemiologic daza has thown
that regualer curcumsin miske may be relaed B betier cogritve
Encron = heabhy elderly |5, whie = = modeh orosnm
appean 0 revwre v e of cogriEne  ITpainment
HARTAD]. For exanple, chronk admisktrstion of crcunin
can amelioraw agereiated spariad memeory deficies |10}, These
efecn may be die B curcomin®y sty on oxidmhe Frem
[#5,7), BONF and ERESPE knase ognaling pathways [6],
degradaton of PKCA [10f of inkibion of hivone scetyliranaler

@ oS ONE | wwwpioone og

-r]]l].-.uﬂ m mversl ofher sctiveim. Curcumsn alo may
protec agains Alzhrimer’s dsease (AD] pachology, Bath o nis
and @ mm wudies hoe shown thet coroumm prevents smylold
bets buld-up, one of paehodogical hallmarks of AD 12,11 14].
Despite e show cherrvafom, wndentanding of crommin®
diverse newmprowctve activiges v will lmivd, epecaly how
curtuman infheences noronal pealderation

Achik neumngeness has boen smugmested 15 be sn isparn sven
for cogmirive Function 15, 16]. Two recen: publications revealed
that curcumin enhanced newogenesi in sduk rodenn. Xu ot o
foond tha oral admisdaration o cyrcomm nowaasd e
polferstion of hippocarpal progesine cells i chronically
mresaee rata [17], while Kim et sl showed that curcamin ooxld
wimuhw pmirmion of hipprsnml srursl progerier cell
M.mwnﬂminmbill['mm
howewer, med relathedy young snimab (ool several weels old)
tha have reluhely high mes of newopenesis Farthermons,
nezher mady mvestgmwd heharor, which could have shed hgh
on the fmctine| epliestom of crmumindndeced neregenesia
Thay, & & mill not clear if newmpgeneshs s responsible for rammen
rileris on rarming and memory.

Felrusry 2012 | Volume 7 | baue 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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HIGHLIGHTS

® Imberest in how diet influences brain function via the gut microblome 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 daet

® Hypothesks: A high fiber diet can elevate butyrite to prevent/treat beain disordern,

ARTICLE INFD ABRSTRACT
Articie heistory: As intepeat in the gut microbiome has grown in recent years, aftention has fumed (o the impact of our diet
Received 2 November 2015 on our brain. The benefits of a high fiber dict in the colon have boen well documented in epidemiological

Becebved in revised form | February 3018
Acorpied 4 Febiuary 2016
Awgilable pnbine oo

studies, but its potential impact on the brain has largely been understudied. Here, we will review evidenoe
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 a3 a histone deacetylase (HDAC) inhibitor

biat also functions as a ligand for a subset of G protein-tcoupled teceptors and a5 an encrgy metabolite.

ET;“M" Thiese diverse modes of action malke it well suited for solving the wide ammay of imbalances frequently
- ”'“‘:::w‘ encountered in neurclogical disonders. In this review, we will integrate evidence from the disparate fields
Butytate af gastroenterology and neurcscience ta hypothesiee that the metabolism of a high fiber diet in the gut
Migh fibser diet can alter gene expression in the brain to prevent neutodegeneration and promote regeneTation.,
Gt macrobionms © 2016 Published by Elsevier Ireland Lid "hu lBan open Jooess Jm:hr under 1hr('l: E‘l‘ 'dt-P-I'J
license | T W Rl licrnnes
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“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....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. “
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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 Fiber
Improve Neuroinflammation
Associated With Aging in Mice

Staphanie M. Matt'", Jacob M. Allen’, Marcus A Lawson’, Lucy J. Maiing’,
Joftrey A. Woods® and Rodney W. Johnson'=41*
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Aging rosulls in chronic mysiemic nfiammation that can aller newrcinfammation of the
brain. Spacifically, microgia shift 1o a pro-inflammatony phenotypoe prediapoaing tham 1o
hyperacthation upon stimulation by perpheral immune signals. i i proposed that cer-
tain nutnents can delay bran aging by proventing or reversng mcrogial hypamcivation
Butyrato. a short-chain fatty acd [SCPRA] produced pomariy by bactonal formentation of
fiber in the cclon, has been extensively studied pharmacologically as a histone deacety-
lase nhibdor and serves as an altractve therapeutic candidate, as butyrale has also
boon shown to be anti-flammatony and improve mamoy in animal models. bn this
studly, we gamonstrate that butyrate can attenuate pre-irflammatory cytolone sxpres-
son N micogia in aged mico. it is stil not fully understood, hawever, if an increase in
butyrate-producing bacterda n the gut as a consequence of a diet high In soluble fiber
coud affect mcrogial actvation dunng aging. Adult and aged mice warm led either a
1% celluiose (low fiber) or 5% nulin (high fiber) dist for 4 weeks. Fndinga indicate that
rmuceo fad inulin had an sflerad gut microbiome and nomased butyrate, scetate, and total
SCFA production. In addition, histological scoring of the distal colon demonstrated that
aged animals-on the low fiber dist had increased infammatory infitrate that was sgnifi-
cantly reduced in animals consuming the high fber diel. Furthormors, gone xpreasion
of nfammatony marken, epgenatic reguislors. and the mcrogial sensory acparalus
{Le.. tha serssome) wers allevad by both dist and age. with aged animals axhibiing a
mans anti-inflammatory microgial profie on the hagh ficer dist. Taken fogather, high fiber
supplemeantation i aging is a nor-invasive strategy to increase butyrale evels, and
these data suggest that an increass in butymate through added soluble fibar such as
rubn could countorbalance the age-related mcrobiotn dysteoas, potentially leading lo
nournkogeal benolfils
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INTRODUCTION

[huring healthy aging. there ls 3 dissuption tn the communication and balance between the brakn
and immune oystem. Microglia shift 1o & proinflammatory phenotype that makes them hyper-
senuitive to sgnals from the peripheral immune syddem (1, 2). The procise mechanimi during
aging that are |npnuuhle for this detrimenial transiibon i not known, buoi mzrpmdm_uun 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.”

135



Nor-digestible ITF ~ GOS - AX - XOS Chitin-glucan Phenolic compounds
nutrients

1 Bifidobacterium spp. 1 Lactobacillus spp. 1 Collinsenila spp. 1 Rosebunia spp.
1 Akkermansia muciniphila 1 Faecalibacterium prausnitzi 1 Bacteroides-Prevolella spp.

Targeted S
organs B
1 Insulin sensivity
Molecular ' | Inflammatory markers | Inflammatory markers

targels b Regulate eCB system tone

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

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, Bark — Mental Health Research Institute, Pariovile; Dean, Glorlando, Berk — Department ol Clinical and Biomedical
Scences, Barwon Health, University of Melboume, Geelong, Bark — Youth Health Orygen Research Centre, Pariovile, and the
School of Medicine, Faculty of Healtn, Madicine, Nursing and Behavioural Sciences, Daakin University, Geslong, Victona, Australia

There & an expancing held of research investigating the benelits of atenatives 1 curont pharmacoiogcsl therapies i peychiatry
N-acetylcystoine (MAC) is emerging as & uselful sgent in the beatment of psychiatric disordess. Lke rmany therapies, the cinical osiging
of NAC aw lar removed lom is cument uss in paychiatry. YWhersas the mechanisms of NAC are only beginmeng 10 be urderstood. it is
liely Tal MAC is exoning bonefits bayond bairg a precumnsor 1o the anfiocdanl, glulathone, modulaling glutamalongc, neurctoge and
sBarmmaiory puthways Tris rovire oulines (e cumant Herature regarding the use of NAC in deorde-s nciudng sdoiction, compuisve
and prooming discroers, schrophrenis and boolsr dsorder, N-acotylcysisns has ahown promisng sesuls in poputations with these cis-
ondars, intluding those in whom treatmaent efMcacy has priviously been limiled. The iharapeutic potential of this acotylated aminog add is

beginnirg 10 emengs in the foid of paychiatrc research

Historical use of N-acetylcysteine

M-acetyioysdeine (NAC) has been used as an antioddant pre
cursor to glutathione (pglutamyloysteinylglycne: GSH) in
the treatment of paracetamol overdose for more than
30 years.' As more B understood about the actiors of NAC,
the clinical applications have also broadened. N-acetyloysieine
s now widely used as a mucolytic and in the treatment
of HIV, and it has reparted efficacy in chronic obstructive
pulmonary disesse and contrast-induced nephropathy.” Spe
cific to beain disarders, NAC has bevn trialled with some offi-
cacy in patients with Alcheimer disease.” The present neview
will explore the role of NAC in the breatment of psychiatric
conditions and the posaible mechaniams of benefit for teee

disorders.
Role in oxidative homeostasis

The use of NAC in nstoring GSH kevels = well establisbed
(Fig. 1), Glutathionwe is the primary endogenous antoxidant
Glutathione meuiralives reactive oxygen and nitrogen specien
fram the cell threugh both dizect and indinect scavenging. As

the mind abundant and ublquitous antioddant, it I8 respore
sable for maintaining the oxidative balance in the cell. This oc-
curs through both direct removal of réactive species through
the formation and breakdown of adducts and ix ako cats-
lyzed by glutathione peroxidase (GPx) in a nicotinamide
adenine dinucleotide phosphate (NADFH)-dependent nasc-
tion, The nsulting oxidized glutathione is then reduced by
glutathione reductase to begin the oycle again.' Glial cells
contain much higher levels of GSH than neuronal aells and
support neuronal GSH production. Astrocytes release (GSH
into the extracellular space and pglutamyliranspeptidase
breaks down GSH to a cysieine—glycine dipeptide and gluta-
mate. The dipeptide s hydrolyeed to glycine and cysteine,
and all 3 amino acids are then available for neuronal GSH
synithesis. Neuronal GSH production 8 believed o be pri-
marily mediated by astrocytic GSH release, and astrocytic
GSH preduction is rabe-limited by cysteine and the eneyme
glutamate-cyuteine ligame *

In addition to providing cysteine for GSH production,
NAC has been shown to scavenge oxddants directly, par-
teulacly the reduction of the hydroxy! radical, <OH and
hypochlosous ackd *

Correspondance to: Dr. 0. Dean, Mortal Hoalh Fesaarch lrastute, 155 Oak St Paroalio, Victoria, Australia; olhiad @ barwonnoa'th. o au

J Psychiatry Newosc! 2011.36(2) T8-86

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
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Free Radic Biol Med. 1997:22(1-2):359-78.
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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Lipoic acid as an anti-inflammatory and neuroprotective treatment for
Alzheimer's disease™
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ABSTRACT

Alrheimers disease [AD) 3 4 progresaive newradegeneraiber discrder hat dedtroys patient meshary and
exghition, tofstmmication abiliny with the social ervironiment and the shility B cary out daily sctivities
Despite extemive feseanch inin the pathogensis of AD, 3 peuroprotective (rvatment = particularly for the
carly stages of diwedie - remain enavailabie for climical wee. In this review, we advante the sugpestion that
lipaic acid [LA) may fulf] this therapeutic need. A natwaly ocourreng cofactor for the mitochondriad ennymes
pyronvate detpdropenase and o-ketoglutarate debpdrogenase, LA has been whumen o have 3 variety of
properties which can interfene with ihe pathogroesii or progresion of Al For example. LA borases
adetyichaline (AL production by activetion of choline acetyltramirtase and inciedses glutese uptabe, thus
sipplytigg moe acetyh-Cok for the production of ACh LA chelshed redon-active ranuition meiyls, thim
inhibsiting the fnrmation of pdmayt radieals and 2l seaeenges reactive axypen spacies (ROS) thernetny
increasing the Jevels of reduced ghatathSone. In addstion. LA dowi-regulates the expression of redo-senaitner
pro-inflimmatory protrim inchuding THF and inducible niiric oode nynifuse. Farthermore, LA o scavenge
lipid peromidation products such o bydnoomonenal and scrolein, In boman pleme, LA exishy In an
equilibrium of free and plasema proern béound form: Up i 150 ML & i bownd compleizsy, mast Biedy binding
o high affinity iy acd sltes on humen serum abumin, suggesting that ooe large dose rather than
contimuoes ow dosel (28 provided by “slow release™ LAY will be beneficlal for delivery of LA 1o the Brain
Evidence for 4 climical benefit for LA in dementis i yet Emited. Theee are ooy oo published studies, in
which B00 mg LA was given dally to 43 patients with AD [feceiving 2 standand treatment with choline-
msterisr inhibiton) in an apen-label study over &0 observalion period of op @ 48 monibs Whereas the
improvement in patients with moderate dementis wan not significant, the disesse progressed extremehy
slowity (chamge in ADASoo- 1.2 pointsspear, MMSE: 06 pointysyesr) in patients with mild dementis
(ADASDg < 15) mm:mmmammmw:mutmhmmmn
natracruticals such & oumumin, (- epigslocatechin gallsse (from green cral and docosshexarnok acid
{froen fish oil} to pymergtatically decresse cxidative stren, inflamemation, Al levels and A} plague insd and
thirs provide 2 comnbined beoefis in the treatmend of AD

© 2008 Elrvier BY. All rights mesemrd,

Coniealy
L Aeheimers diseas . . Ve ‘e 46
1 The chalinengic deficit in Alzheimer's dissice e o o . 1464
1 Alrheimers diseste — curment thestment strateghes . . . . . . B ; a Fern " . 1484
4 LA - a multimodal drug loe the trearment of ad s 4 Fae P swa (£

“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 Maurcecisnes, National institute on Aging Intramursl Resairch Program, Belteoors, MD 27228, USA

Diets rich in vegetables and fruits are associated with
reduced risk of several major dissases, including neuro-
degenerative disorders. Although some benelicial phy-
tochemicals might function solely as antioxidants, it is
becoming clear that many of the beneficial chamicals in
vegetables and fruits evolved as toxins (to dissunde
insects and other predators] that a1t subtoxic doses,
sctivate adaptive cellular stress-response pathways in
a varisty of cells including neurens. Examples of such
‘preconditioning’ or ‘neurchormesis’ pathways include
those involving cell-survival signaling kinases, the tran-
seription factors NRF2 and CREB, and histone descety-
lases of the sirtuin family. In these ways, neurchormatic
phytochemicals such as resveratrol, sulforaphanes and
curcumin might protect neurons against injury and dis-
ease by stimulating the production of antioxidant
enzymes, neurotrophic factors, protein chaperones
and other proteins that halp cells 1o withstand stress.
Thus, as we discuss in this review, highly conserved
longevity and survival pathways in neurons are the
targets of many phytochamicals.

Neurohormesis: what it is and how it works

Hormesis refiers to a process in which sxposure 10 a Jow
dose of an sgent that s toxic at higher doses induces a
benoficial effect on the cell or organiam. The term hormoesis
has been widely used in the toxicology feld, where it is
defined xa ‘an adaplive response characterized by biphasic
dose responses of generally aimilar quanlitative features
with respéct to amplitude and rangs of the stimulatory
response that are sither directly induced or the result of
compensatary bialogical processes fallowing an inizial dis-
rugtion in homeostasis’ (1L This article focuses on ‘neurs-
hormesis’, which we define as the edaptive process by
which neurona (and henee nervous systems and anganixms)
respond 1o a modernle level of stress by enhancing their
ability to resist & more severe atress that might otherwise
be lethal or cause dysfunction or disease (Figure 1L Exam-
ples of neurehorniesis inclede ischemic preconditioning [2]
and adaptive responses of neurons o moderaze-iniensity
excitatary neurotransmission |3, exereise |4] and dietary
resiriction 5], Several endogenous neurctokic molecules
can induce neurohirmesis, including nitrie axide |G, ear-
bon monoxide (7], glutamate (8] and Ca®™ (8],
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Iz moat of the cases where neurchormesis has bean
documernzed and the mechanism investigated, exposure
of neurons to the kormetic streasor sesults in changes in
gone expression that appear 1o medinle stress nesistance
iFigure 1). For example, ischemic preconditioning induces
the expression of genes encoding neuroprotective
proteins including protein chaperones such s heat-shock
proteins (HEF) |10], neurotrophic [netora such as brain-
derived neurctrophic factor [BINF) [11], anti-apoptotic
proteins such as Bel-2 family members |12} and mitochon-
drinl uncoupling proteins [13). Similarly, dietary restric-
tion upregulated the expreagion af HSP-70, BDNF and
mitochondrial uncoupling proteins [14-16]. Transcription
factors that mediate neurchormesis responses to varions
stressors include NF«B, eAMP-response-element-binding
protein (CREB), nuclenr factor E2-related factor (NFE2L2,
or NRF2) and hypoxia-inducible factor 1 (HIFL) [17-20],
Additional neurohormetic mechaniams might incude mod-
ulation of the expression af proteins invelved in the reg-
ulation of exidative stress and cellulnr Ca™" homepsiasis
23]

Haalth-promating phytochemicals: an evolutionary
perspective
Why do plant cells contain so many diffsrent chembeals
that exert biclogical effecta on organisms that ingest them?
Evolutionary considerations suggest that many of the
phytochemicals with bialogical activities that are benefi-
cial for mammals ovolved ns taxing that protect the plants
againat insects and ether damaging organisms [22]. In
contrast to motile apganisms. which can eacape predatars,
immobile planta discourage predators by concentrating
noxious chemicals in their leaves, Aowers and roata, Plants
hawve been évalving and improving their natural chemical
defenses agninar predawores for hundreds of millions of
vears, during which time they developed metabolie path-
ways 1o produce chemicals that target specifle molecubes in
the oells of insects and other organiams [23]. There are
thousands of such hicpestindes”, which include numenous
classes of molecular structures [22]. Examples include:
Bavonoids sueh as rotenone and myriceting terpenoids such
a3 frarnesol and camphor, alkaloids speh as atrychnine,
aicotine and caffeine, indolea such as indole-3-acetonitrle;
glucosinolates such as 2-pentylethyl isothiocyanate;, cou-
marina such as xanthotoxin and coumarin; phenylpropa-
nols such as myristicia and eugenol; and cardenolides such

& M0 i 0

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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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.
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YOUR RESULT: E4/E4

0000

The APOE E4 allele leads to an altered apolipoprotein
function associated with AB clearance in the brain, which
may be a consequence of reduced ApokE protein quantity
and reduced affinity of ApoE for AB binding, resulting in
impaired ApoE-mediated efflux and transport of A 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 [0

Individuals carrying variations in IL-1A, IL-1Bor 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.

YOURRESULT: 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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TEETS RESULT FLAG UNITS REFERENCE INTERVAL LAE
HSV 1 and 2-Spec Ab, IgG w/Rfx

HSV 1 IgG, Type Spec 32.60 High index 0.00 - 0.90 01
Negative <0.91
Equivocal 0.91 - 1.09
Positive »>1.09

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

HSV 2 IgG, Type Spec <0.91 index 0.00 - 0.90 o1
Negative <D.91
Equivocal 0.91 - 1.0%
Positive >1.09

Note: Negative indicates no antibodies detected to
HS5V-2. Eguivocal may suggest early infection. If
clinically appropriate, retest at later date. Positive
indicates antibodies detected to HSV-Z.

Trans. Growth Fact. beta 1* 1986 pg/mL 867 - 6662 04
The result is reported in pg/mL. The assay range 1is
approximately S8 to 400,000. The reference range for a
healthy population is B67-6662. However it should be noted
that these ranges are cbtained from a limited population
of apparently healthy adults and are not diagnostic

thresholds. : 1
*Ttrll'i: Eest was developed and its performance Vltamln D 1 9

characteristics determined by Viracor Eurefins. It has not
been cleared or approved by the U.S. Focd and Drug

Administration.

Reverse T3, Serum 33.8 High ng/dL 8.2 - 24.1 0z
C-Reactive Protein, Cardiac 0.18 mg /L 0.00 - 3.00 01

Relative Risk for Future Cardiovascular Event

Low <1.00

Average 1.00 - 3.00

High >3.00
Interleukin-6, Plasma 11 pg/mL 0.0 - 12.2 02

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 .00 - 0.90 0l
Negative =0.91
Equivocal 0.91 - 1.09
Positive >1.09
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Triiodothyronine (T3) 101 ng/dL 71 - 180 01



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 uluU/
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
D been cleared or approved
py the Food and Drug Admlnlstratlon

Abs CDE CD57+ Lymphs 36 Low

/uL 60 - 360
=ffCe characteristics
. been cleared or approved
by the Food and Drug Admlniatratlon.

158



Toxic Metals; Urine

_ Towie Metals; Urine

B T
.:?i: ﬁﬁ:ﬂiﬁ = | S ualg craatl INTERWAL r::uu | BUTRDE PEPETENGE
Aluminam 14 1 = 35 b Aluminum (Al 9 < EL] —
Akimany iSh) <dl 1.2 i Antimony (st} 0.7 3 TOe - p—
Arsenic {As) a3 < EQ — 3 Arsenic (A5} 45 = B0 E—
L e 2 - = ? ek o = - —t b =
Barylum (Ba) <dl < 1 i T Berylium Be) = - . E———
 Bismuth {Bi) <di = A : _ Bismuth (B3 0.2 < R
Cadmuum (ca) 0.3 < U p= [ Codmium (cd 08 T —
Cosium_ _{cs) 8 ‘f_,,"_i""_ I - L Casium (Cs) 7.3 10 .__:_ = R = ) =
hearcury (Ha) 1.5 < 4 — l n Lead L] i.a = . I___ — — ——
icke| (M) 3.0 = 10 e B Mercury {Hal 44 = 4 ==
Pallagium (P <dl < 6.1 [i : Mickal ] 3.3 = I 4
Plalirnsm P <dl <  f.1 3 Palladium (Pd) <dl < 0.2 i
Tetiuriam (Tel <di = 0.5 ] ] Platinurm (Pl < di = a.1
Thallum ) 04 T 0 — . Tetluritm {Te) <di < 0.5
Tharium T <di < 0.03 i Thalinm il 05 P e —
= = = = —t= - ] Lo o = T E—— _ I
.T!-'".‘-?f“"" Lo <di b L L T (Sny 48 = 5
Leariium iy =4 = Tungstan W 0.2 < 0.4
- ummmchmatNme | Uraniam u <dl = 0.04
RESULT REFERENCE . 1
m | wreal | w0 R o o
Craaiinine 523 0= 225 r— RESULT REFERENCE
mgdl INTERVAL 28D 450 [wean]  +45D 25D
Craatining 45.3 30— 335 —

Baseline

Comrmants Rasult Checked.

Data Collacted 12/13/2018 pH upon receipt Aeceptable Collection Period: timed: & hours
Data Received 12/15/2018 wdl; less than detestles Iimit  Wolume

Data Completed: 1252172018 Provosing Agent: pMPs 500 Provocalion: POST PROVOCATIVE
Method: ICP=ME Creatinine by Jaffe Mothod

Results are creatining corrected 1o account for wuring dilution varatons, Reference intervals and correspanding graphs
are representative of a healthy population under non-provoked conditions. Chelalion (provocation) agents can
Increase winary excrelion of metalsislements wiE

Post Provocation with DMPS 500mg
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Hormone Testing Summary

Key (how to read the results):

Postmenopausal
TaNge —

Estradiol(E2)

Sex Hormones See Pages 2 and 3 for a thorough breakdown of sex hormone metabolites

2:3 14.0

Pn:ugestemne
(Serum Equivalent, ng/mL)

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

Testosterone

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

Daily Free Cortisol Pattern

Patient Values ‘u%
R,
9a

//—"—W

Waking (A) Morning (B)

AReroon (c) Night (D)

Total DHEA Production

500 3000
Age Range 2
20-39 1300-3000

40-60 750-2000

>60 500-1200 Total DHEA Production
{DHEAS + Etiocholanclone + Androsterone)

80 M,
230
24hr Free Cortisol cortisal Metabolized Cortisol (THF+THE)
(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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steroid cascade. See the Provider Comments for more information on how to read the results,

[Hurmunu metabolite results from the previous page are presented here as they are found in the

J
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- — |~ = ) 16:0HEL  prase 1 Estrogen Metaboksm Ratios
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E
Age DHEA-5 Androsterans 2
1?-35 B0-750 20-39 G50-1650 .S a
40-60  30-350 40-60  360-1000 ¥
=60 20-150 =60 200-600 ]
g Patient ‘de WO
= Percant iges ?ﬁ 4 S0%W 14.%
Ag. Testosberons Age Etioc holanolone a
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=60 2363 =60 200-500 E

Gutathlone detox

oimiohE
|reacird)

\

Mt hylstion detox

dOH-ET

If not detoxified, 4-0H-E1 can
bind to and damage DNA
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Stress (o inflammation )
é causes the brain to release ACTH, Total DHEA. Production
w} o Range
which stimutates the adnenal glands ;3 8 N n&sap-n
o make hommones 40-60 750-2000
=60 500-1200
10
E 5
Malatonin® (Waking) 500 000
- Total DHEA Production
Adrenal Gland DHEA {DHEAS + Etweholanolone + Androsterona)
2750 48 @
L es00
Mutabolized Cortisol { THF + THE
Corg Cortisol Metabalism 5 Mot Conisol Froduction)
L]

More cortlsone { More cortisol
metabolles (THE) miztabolites (THF)

NOTE | Tres LLs- ST ke v sdres e talires of on/ead snol on M kv

e e
vl Bt g B s anoiia | atain 0F SClbein divtrued avel et e Cof Luivhn Wy e o By,
F,

Daily Free Cortisol Pattern

Publeni Valuss ‘h

Waking W8] Mning () Atarnean G tag i (D)

g aisnrd il -ﬂ:-uwﬂ"”‘
g
£

nagl
F\uﬂ"
= 0 3 @
LA S L2 00

24hr Free Cortisone 24hr Free Cartisol
B L+ e dh =L +0)

The first value reported (Vaking *A") for cortisol is intended to represent the “overnight” period. When patients sleep through the night, they
caollect just one sample. In this case, the patient woke during the night and collected {see the top of the report far the times coliected). We call
this walue "A1* and the value from the sample collected at walking “A2." These values are used to create o “tim g-walghted average® to create the
*A* value, The individual values are listed here for your use:

The middie-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.

Thase two values ame averaged together, taking into account the amount of time cach one represents, to create the "A" valus of approximately
S56.5ng/mg that you will see on the report.
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MYPERIOPATH D oraLDNA Lags
L]

@ Innoveztions, in Soliverry Diagnostics

Ordering Provider
Todd LePine MD

55 Pitsfield RoadSuite 8
Lenox. MA 01240
413-637-959

MYPERIOPATH MOLECULAR ANALYSIS OF PERIODONTAL AND SYSTEMIC PATHOGENS
Resulis

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

o BEEAYOT SP

Interpretation of Results

* This result shows a combination of 2 high risk (i, ) below, and 1 moderate risk ([l) pathogens above, the therapeutic threshold. High levels of
B Bae frequenily part of this complex bacterial profile.

* The bacterial species & andior [l are strongly associated with chronic periodontitis, are transmissible and fissue invasive even at low amounts of
these organisms. Moreover, @i prasent in 20-40%: of cases of periodontitis where because it possesses proleins needed for adherence and
mvasion of host cells, it can cause destruction of pericdontal lissue.

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

Treatment Considerations: to be determined by the healthcare professional

* Mechanical/Debridement: Scaling and oot planing (SAF) is a mainstay of therapy io disrupt biofim, remove plague and debride compromised
fissie. This patient harbors a seres of pathogens {ﬂ. By that may be refractory lo this treatment

* Local Antibiotics and Chemical Hyglene: As an adjunct to SAP, sub-antimicrobial doses of doxycycline hyclate lower collagenase aclivity and
reduce penodontal pocket depth. Allematively, locally delivered antimicrobial agents (LDA) including minocycline microspheres. doxycycline hyclate
in an ebsorbable polymer, or chlorhexidine in a gelatin matnx have been shown o decrease pocket depth modestly

* Pocket or Field Decontamination: Laser decontamination as an adjunct therapy o SRP may be beneficial in reducing probing depth and bacterial
loads. The consideration ol using lasers as an adjunct to SRP = dependent on type of laser used and the particular protocol.

* Chemical and Gaseous antiseptics: Chlorhexidine or Povidine iodine rinses can reduce penodontal pocket depth. Prescription tray application of
peroxide gel, as an adjunct to frequent periodontal maintenance appointments for refractory patients, demonstrated sionilicant reductions in
bleeding on probing. Ozone is a volatile antiseptic that can disrupt microbial membranes.

* Probiotics and Prebiotics: Probiotics are live, benelicial bactera, typically administered as a food or dietary supplement. Prebiotics are
non-digestible ingredients that promote growth of commaensal bacteria. Research shows that prebiotics and problotics control the growth of
pathogens and reverse fissue destruction caused by percdomntitis

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

Follow up Recommendations

E Good perindontal health depends on compiiance 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.

g Foliow-up testing batwean 6-12 weeks with MyPerioPath is recommended. Persistence of bleeding on probing is often indicative of unresolved
infection. Retesting will identify residual or refractory bactera. Curmentiy there is not a cure for periodontal disease, only perods of remission,

] Assessment of a patient's level of inflammation with Celsus One Is valuable in deciding the freguency of patient recall and treatment.
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Clinical Considerations

Reason for Testing Clinical m Medical Histor

B Not Provided B not Provided ] Periodontal Classification: Not Provided Not Provided
B ToothNumbers | | | | |
Pockel Depths(mm) | | [
Systemic EHects of Oral Pathogens
[Enl
Pi Cr|
[cs]
&
Fn|
Joint and
Cancer Cardiovascular Health  Musculoskelets %‘;Tl;":::amf Metabolic Health  Healthy Pregnancy
Health

Chronic gum diseass, Selact bacleria such as The periodontal Recent Obeslity, lack of exercise Bacteria assoclated
voving B, . B B, BB E B 4@ bacteria @ Ba @ medical and chronic gum with gum disease,

& & is a risk factor for the  can leak from blood are a cause of studies point lo  disease involving the especialy @, 1, @,
development of certain vessels in the gums and  arthrilis. The oral poar oral bacteria B, L B @ @ and @ are
cancers including ones travel to the heart, where  inflammation caused  health, and & B cause chronic known 1o pul a
invalving the pancreas, chalesterol and other by these bacteriaalse  high levels of  inflammation. pragnancy 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, @ B8 Bin  damage the pancreas decreased birth weight
Additionally, untreated inllammation in arterias, combined with our gums, where insulin Is and even bload

gum disease is a causeof  and if occluded, causea  changes ina person's  increasing the  produced, possibly infection in the
ongeing inflammation, hean altack. A goal of immunity, may resull  risk ol leading to diabetes, placenta or newbom.
which may promote the treatment is to minimize In chronic joint devealoping Also, dinbetes worsens Every pregnant
advancing growth of the levels of these diseases ke damaerilias oral health by increasing  woman should be
Umors, bacteria as much and as  rheumatoid arthritis. such as the level ol harmiul tested for these

long &s possible. Alzheimer's. bactera in the gums. harmiul bacteria.
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Toxic & Essential Elements; Hair

Total Toxic Representation

TOXIC METALS
RESULT REFERENCE PERCENTILE
pglg INTERVAL 68™ gs™
Aluminum (A} 1.6 < 7.0
Antimony (Sb} < 0.01 < 0.050 ).
Arsenic (As) < 0.01 <O0,060 } . B
Barium {Ba} 0.82 < 20 N
Beryllium (Be) < 0.01 <0020 AT o S
Bismuth (Bi) 0.88 O e
Cadmium (Cd) < 0.009 < 0.050 |
Lead {Pb) 0.18 <
| Mercury (Ha) 1.2 <
| Platinum (Pt} < 0.003 <
Thallium Ty < 0.001 <
Thorium {Thj < 0.001 <
Uranium (U} 0.001 <
Mickel {Ni) 0.21 <
Silver {Ag) 0.10 <
Tin (Sn} 0.08 <
Titanium {Ti) 0.37 <

RESULT REFERENCE PERCENTILE

ug/g INTERVAL 16" [50%] 84" ors”
Calcium {Ca) 3660 300- 1200 I rcencel]
| Magnesium (Mg} 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 (L] 0.010 D.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
lroan {Fe) 12 7.0= 16
Germanium [Ge) 0.035 0.030- 0.040
Rubidium (Rb) 0.013 0.007- 0.096
Zirconium {Zr) 012 0D.020=- 0.42
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H.GI Map Stool quantitative PCR, stool test

B

Ordered by: Todd LePine, MD

Bacterial Pathogens Result Normal
Campylobacter <dl <1.00e3
C. difficile, Toxin A <dl <1.00e3
C. difficile, Toxin B <dl <1.00e3
Enterohemorrhagic E. coli <dl <1.00e3
E. coli 0157 <dl <1.00e3
Enteroinvasive E. coli/Shigella <dl <1.00e2
Enterotoxigenic E. coli LT/ST <dl <1.00e3
Shiga-like Toxin E. colistx1 <dl <1.00e3
Shiga-like Toxin E. colistx2 <dl <1.00e3
Salmonella <dl <1.00e4
Vibrio cholerae <dl <1.00e5
Yersinia enterocolitica <d| <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 Gi/ll <d| <1.00e7



H. pylori

Result MNormal
Helicobacter pylori 2.8e4 High <1.0e3
Virulence Factor, babA Negative Negative
Virulence Factor, cagh Negative Negative
Virulence Factor, dupA Negative Negative
Virulence Factor, iceA Positive Negative
Virulence Factor, oipA Negative Megative
Virulence Factor, vacA Negative Negative
Virulence Factor, virB Negative Negative
Virulence Factor, virD Negative Negative

Result Normal
Bacteroides fragifis 8.0e9 1.60e9 - 2.50e11
Bifidobacterium spp. 2.1e9 >6.70e7
Enterococcus spp. 4.3e5 1.8e5 - 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
Enterobacler spp. 4.63e6 1.00e6 - 5.00e7
Phyla Microbiota Result Normal
Bacteroidetes 2.8%9e12 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
Morganelia 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. <dl <5.00e3
Kiebsiella preumoniae 1.13e4 <5.00e4
M. avium subsp. paratuberculosis <dl <5.00e3
Prevaotella copn <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
Microsparidium spp. <dl <5.00e3
Rodotorula spp. <dl <1.00e3
e —
Result Normal
Cytomegalovirus <dl <1.00e5
Epstein Barr Virus <dl <1.00e7 168



Parasites

Protozoa Result Normal
Blastocystis hominis <dl <2.00e3
Chilomastix mesnili <dl <1.00e5
Cyclospora spp. <dl <5.00e4
Dientamoeba fragilis 1.19%e3 <1.00e5
Endolimax nana <dl| <1.00e4
Entamoeba coli <dl| <5.00e6
Pentatrichomonas hominis <dl <1.00e2
Worms Result MNormal
Ancylostoma duodenale Not Detected Mot Detected
Ascaris lumbricoides Not Detected Mot Detected
Necator americanus Not Detected Not Detected
Trichuris trichiura Not Detected Not Detected
Taenia spp. Not Detected Mot Detected
Digestion Result Normal
Elastase-1 730 =200 uglg
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 uglg
Anti-gliadin IgA 132 0-157 UL
Inflammation Result Normal
Calprotectin 232 High <173 uglg

169



Array 3X - Wheat/Gluten Proteome Reactivity & Autoimmunity

Wheat IgG
Wheat Ig_A.
Wheat Germ Agglutinin IgG

Wheat Germ Agglutinin IgA
Non-Gluten Proteins A IgG

Non-Gluten Proteins A IgA
Non-Gluten Proteins B IgG
Non-Gluten Proteins B IgA

Gliadin Toxic Peptides IgG

Gliadin Toxic Peptides IgA

Mative & Deamidated Gliadin 33 IgG
Native & Deamidated Gliadin 33 IgA
Alpha Gliadin 17-mer IgG -
Alpha Gliadin 17-mer IgA

Gamma Gliadin 15-mer IgG
Gamma Gliadin 15-mer IgA

Omega Gliadin 17-mer IgG

Omega Gliadin 17-mer IgA

Glutenin 21-mer 19G
Glutenin 21-mer IgA
Gluteomorphin + Prodynorphin IgG
Gluteomorphin + Prodynorphin IgA

Gliadin-Transglutaminase Complex IgG
Gliadin-Transglutaminase Complex IgA
Microbial Transglutaminase igG
Microbial Transglutaminase IgA
Transglutaminase-2 IgG
Transglutaminase-2 IgA
Transglutaminase-3 IgG
Transgutaminase-3 IgA
Transgiutamnue @ 9@

ﬂlsg!mmhasa-a IgA

045
| 044
| 0.20
| 035
| 070
021
| 057
<050
 0.63
| 056
| 043
| 060
:
| 050

(ELISA Index)
03-15
0.1-1.2
0.4-1.3

0211
0.2-21

0.2-21
0218
0.2-21
0218
02-18
0.2-1.2
0.1-1.1
0.1-1.5
0.1-1.1
0.5-1.5
0.1-1.0
0.3-1.2
0.1-1.2

0.1-15
0.1-1.3
0312
0.1-1.2

0.3-1.4
0.2-15
02-1.8
0223
03-1.6
0.1-1.6
0.2-1.6
0.1-1.5
0215
01-15
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Array 2 - Intestinal Antigenic Permeability Screen

Actomyosin IgA **

Occludin/Zonulin 1gG
Occludin/Zonulin IgA
Occludin/Zonulin IgM

REFERENCE
(ELISA Index)

0.0-20
0.2-15
0.1-1.8
0.1-2.1

Lipopolysaccharides (LPS) IgG
Lipopolysaccharides (LPS) IgA
Lipopolysaccharides (LPS) IgM

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 [ *.oeeass ]
5 Erythrocytes 4,92 Mill./ul 3,96 - 5,16 [ sonsns =, 1
5 Hemoglobin 14,6 g/dl 11,6 - 15,5 [ esssawd . ]
5 Hematocrit 49,20 % 35,00 - 45,00 [ .......- *>
5 MCV 100,00 f1 BO,00 - 96,00 [ ....c0as *>
5 MCH 29,70 pg 26,00 = 33,00 [ ....*... ]
5 MCHC 29,70 g/dl 32,00 - 36,00 <* ........ ]
5 Thrombocytes 217,00 Tsd./ul 176,00 - 391,00 [ .*...... 1
5 Differential Bloocd count
5 Neutroph. Granulocytes 55,40 % 40,00 - 75,00 [ i oy w1
5 Lymphocytes 33,10 % 17,00 - 47,00 [ F S
5 Monocytes 6,10 % 4,00 - 12,00 [ e — ]
5 Eosin. Granulocytes 1,30 % < 7,00 [ * e |
5 Basoph. Granulocytes 4,10 % < 2,00 [ sevennes *>
Borrelia EliSpot *
1 Borrelia b. Full Antigen 1. 51
0-1 = negative
2-3 = weak positive
> 3 = positive
1 Borrelia b. OSP-Mix 1 81
0-1 = negative
2-3 = weak positive
> 3 = positive
1 Borrelia burgdorferi LFA-1 1 81

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 3 6,00 -
NK cells CD56+ CD3- (absolute) 290 /ul 60 -
CD57+ NK-cells (%) 10,56 % 2.0
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.

80,00
1900
29,00
700
77,00
360

—_ = o

e Rt R et b
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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

akrowN=

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)
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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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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.



MYPERIOPROGRESS 7} ORALDNA LARS
USON OF RESUL \‘m Inrovations in Salary Diagrostics

COMPARISON OF TEST RESULTS
MyPerioPath - Previous Result
High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

[ I < I ™ B B g g 2 B o

MyPerioPath - Current Result

High Risk Pathogens

OO0 3 @ O o o @ @ < I
Summary of Results

i — - i ; Previous Current
ica Compareon | e | Gt

* Of concem, since the last test submitied 7 monihs & Total # Bacteria Prasent 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.

* The results show an increase in the level of the red (B,
7 | , orange (& @ 8. 3 B complex pathogens. Generalized Infection

This increase in the bacterial level may be due lo & prolonged time since the last Inflammation/Bednass
testing, the fallure of treatment, or changes in the patients general state of health.

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

Localized Infection

Bleeding on Probing

systemic inflammation. Consequences of high pathogenic bacteria present for Bone Loss
years and decades add significantly 1o the risk of life threatening diseases beyond  Injscharge
the mowuth,

HalitosisMalodar

* For most trealment protocols, the maximal reduction in pathogen (burden) load is
observed when follow-up testing is performed between 6-12 weeks. This sample Mot Provided
was collected at 31 weeks 1 day from the previous fest,

B|D|O0O0Oonon
BO0O0O0oon): |«

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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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
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