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Learning Objectives

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

» Understand the connection to oral and gut dysbiosis in
neuroinflammation

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

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

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

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

Keywaords: microbiota, central nervous system, enteric nervous system, [mitable bowel syndrome, vagus nerve,
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communication along this axis contributes to both normal and

Scientific endeavor is increasingly characterized by a multidis-
ciplinary approach to the study of both health and disease,
Mowhere is this more evident than in the field of neurogas-
troenterology where the converging influence of experts across
the diverse domains of gastroenterology, psychiatry, microbiol-
oy, p]wrumcu!ug}q immuuolug_\'.und behavioeal neuroscience, o
name but a few, have helped shape emerging biclogical themes.
Chief among these is the concept of the brain—gut axis, a term
which describes the complex bidirectional communication sys
tem that exists between the central nervous system (CNS) and
the gastrointestinal tract {GIT) and which is vital for maintain-
ing homeostasis {Cryan and O'bahony, 2001). Spurred in part
by the discovery of Helicobacter pylort as a causative agent in
ulcer diseases but alsa by other innovative research in the gas-
trointestinal sciences (Pandol, 2000; Shanahan, 20100, there is a
growing appreciation of the critical rele played by the commensal
microbiota, both in our general wellbeing and in the specific func-
tioning of the brain—gut axis. This has been reflected in the form
of a revised nomenelature to the meore inclusive brain—gut—enteric
microbiota axis and a sustained research effort to establish how

pathological conditions (Rhee et al, 20049).

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

THE BRAIN-GUT-ENTERIC MICROBIDTA AXIS

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

Host Defense (PATHOS-D)

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

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

Keywords: major depression; evolution; immune; inflammation; infection; genetic

Introduction

Major cinpmﬁsinn is s0 detrimental to survival and
reproduction that it is hard to understand why allelic
variants that promote the disorder have not been
culled from the human genome, why in fact—far from
being culled—genes that promote depression are so
common and numerous and appear to have actually
increased in prevalence during recent human evolu-
tion.'! To address this issue, we have developed a
novel theoretical framework positing that risk alleles
for depression originated and have been largely
retained in the human genome because these alleles
encode for an integrated suite of immunological
and behavioral responses that promote host defense
against pathogens. This enhanced pathogen defense
is accomplished primarily wia heightened innate
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immune system activation, which results in reduced
death from infectious causes,” ™ especially in infancy
when selection pressure from infection is strongest,”
and the adaptive immune system is not yet fully
operational.®™ A vast literature has associated depres-
sive symptoms and/or major depressive disorder
(MDD) with increased innate immune inflammatory
responses,’ with mela-analyses reporting the most
consistent findings for increased plasma concentra-
tions of tumor necrosis factor-w (TNF-u), interleukin-6
[IL-6), C-reactive protein and haptoglobin.”"* Recent
longitudinal studies extend these cross-sectional
observations by reporting that increased inflamma-
tory markers in nondepressed individuals predict the
later development of depression.''" Because infec-
tion has been the primary cause of early mortality
and hence reproductive failure across human evolu-
tion,*#' it would be expected that if depressive
symptoms were an integral part of a heightened
immunalogical response, allelic variants that support
this response would have lmdm-gmm strong positive
selection pressure and thus would be both numerous
and prevalent, as they appear to be. However, because

“Depression risk alleles
identified by both candidate gene and
genome-wide association study (GWAS)
methodologies were found to be
regularly associated with immune
responses to infection that were likely to
enhance survival in the ancestral
environment. Moreover, data support
the role of specific depressive symptoms
in pathogen host defense including
hyperthermia, reduced bodily iron
stores, conservation/withdrawal
behavior, hypervigilance and anorexia.”
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Minocycline: therapeutic potential in psychiatry.
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Abstract

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



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

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

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

Brian Leonard'’

Abstract

it is of considerable translational importance whether
depression s a form or a consequence of sickness
behavior. Sickness behavior is 3 behavioral complex
induced by infections and immune trauma and
mediated by pro-inflammatory cytokines. it is an
adaptive response that enhances recovery by
conserving energy to combat acute inflammation,
There are considerable phenomenological similarities
between sickness behavior and depression, for
example, behavioral inhibition, anorexia and weight
loss, and melancholic (anhedonia), physio-somatic
(fatigue, hyperalgesia, malaise), anxiety and
neurocognitive symptoms. In clinical depression,
however, a transition occurs to sensitization of
immuno-inflammatory pathways, progressive damage
by oxidative and nitrosative stress to lipids, proteins,
and DNA, and autoimmune responses directed
against seif-epitopes. The latter mechanisms are the
substrate of a neuroprogressive process, whereby
multiple depressive episodes cause neural tissue
damage and consequent functional and cognitive
sequelae. Thus, shared immuno-inflammatory
pathways underpin the physiology of sickness
behavior and the pathophysiology of dlinical
depression explaining their partially overlapping
phenomenology. Inflammation may provoke a Janus-
faced response with 2 good, acute side, generating
protective inflammation through sickness behavior
and a bad, chronic side, for example, clinical
depression, a lifelong disorder with positive feedback
loops between (neuro)inflammation and (neuro)
degenerative processes following less well defined
triggers.
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Introduction

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

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

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

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

spectroscopy-based assay that has been gaimning increased interest as a serum biomarker for systemic
¥ 1 E )

mfummation, and consequently, as o potential biomarker for cardiovascular disease (CVID) risk as

Ssment.

The test has undergone investigation m sev + cohort studies, since its development, to assess its
The test b derg tigat I o ts develog t, t t
predictive value for incident CVD events, CVD-associated mortality, and all-cause mortalite. Despite

variation in the I_ﬂ,_n.'ncr.llcn_' cRiimates ||3' these studies, ||-|I.'! have all |.'un-|lal<:nI|_\,' demonstrat

strength positive correlations between baseline GlyeA levels, and incident CVD event mates and associated

maortality, Tl correlations withheld testing even after adjustng for several ather established CVD risk

factors, including notmble inflammatwry biomarkers such as high-sensitivity C-reactive protein (hsCRP)

and interleukin=6 (IL-6). Compared with hsCRP, which is a well-known inflammatory biomarker for
CVD nisk assesament, (..'h'n'_\ has a |.'1r[|1pdr:ll3|.{ ;}rclllclwc value for future CVD-related events. However,
the indications to pursue CelyeA testing, and its clinical utility in patient care management, are yet to be
determined. In this review, we define the (ill\r.\ test and what it *measures”, and 1mn'il|.c a brief auitllu:lrl\'uf
the findings of studies showing its assocaton with incident CVD rates, and CVD-related mortality, as well
as its correlation with other iﬂﬂ:\l]lll]u[l\l_\' biomarkers, I1:\md_r hsCRP ]-'m-.;l]_\. we ]1Igi1|i_|.-t||'l the :m'.1|_~1!|_".1]
advantages of the GlycA vest, compared with “tradivonal” inflammatory biomarkers, while alse mentioning

its current limitations.

Keywords: Atherosclerosis; coronary arrery disease; GlyeA: high-sensiuvity C-reactive prowin (hsCRP);

Neglvcans; acute phase reactanes
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Inflammation as a key driver of cardiovascular
disease (CVD)

mitial trigrers of the inflammatory cas
atherosclerosis remain an active area of investigation.

ade underlying

However, it is widely accepted that it starts with some

Although there was resistance when the concept was first type of endothelial injury, which allows for LDL and
proposed in the early 1990s, it is now widely accepued that small remnant lipoproteins to across the endothelium,
inflammartion plays a pivotal role in the pathogenesis of infiltrating into the intima. Within the intimal space,
atherosclerosis (1-3). The actual sequence of events and these lipoproteins are subject o various modificadons,

@ Journal of [,:mer;l[nr}' anid Precision Medicine, All rights reserved, J Lab Precis Med 2020;5:17 | Imp:.-'.-"nl\.<|m.|.ri__r.-"J 0,21037 /lpm.2020,03.03

“Compared with hsCRP, which is
a well-known inflammatory
biomarker for CVD risk
assessment, GlycA has a
comparable predictive value for
future CVD-related events.
However, the indications to
pursue GlycA testing, and its
clinical utility in patient care
management, are yet to be
determined.”
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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
inflammation, irrespective of the trigger, macrophages are recruited to the site of inflammation where they secrete a variety of cytokines,
namely IL-1, IL-6, and TNF-alpha. These cytokines act locally to induce an inflammatory response aimed at removing the insulting
trigger and promoting subsequent tissue recovery. However, some of these cytokines also enter the systemic circulation and reach the
liver, where they induce an increased production and secretion of several so-called acute phase reactants, as well as various glycosylation-
mediating enzymes, known as glycosyltransferases, which alter the glycosylation patterns of the latter acute phase reactants. The acute phase
reactants themselves, and their glycosyltransferase-modified derivatives (denoted by * in the figure) contribute to the GlycA peak seen on the

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

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

Inflammatary cytokines have been shown to have a direct effect on mesolimbic  Highights

dopamine (DA) that is associated with a reduced willingness to expend effort for  Conenging evderce muggests that
reward. To date, however, the broader implications of this communication ™ mesémbe dogamne DA system
between inflammation and mesolimbic DA have yet o be explored. Here, aievratory cpokines smocuted
we suggest that the metabolic demands of chronic low-grade inflammation  wih chionic, e grack nflammation
induce a reduction of striatal DA that in tumn leads to a steeper effort-discount-
ing curve because of reduced perceived ability (can't) versus preference (wWon't)  suricstion sre uncisir, tut orm nowi
for reward. This theoretical framework can inform how the mesolimbic DA  PyPo®esl B Tt rfammatory cyte-
system responds to increased immunometabolic demands during chroniC oy oot the velaton of At
inflammation, ultimately contributing to motivational impairments in psychiatric  sctors s 8 hrcion of mmlabie
and other medical disorders. Sy

Dopamine, Effort, and the Inflammatory Response
The efficient utiization of enengy resources for goal-directed behawons (& Delieved 10 have besn  Stie mlled lo nlavraton and
B drving force in the evolutenary development of tha cantral nanvous system (CNS) and its
response to the environment [1]. Over tha past eeveral dacades, our understanding of the
neurcbiclogical mechanisms that govem explortony behavior and goal pursut has expanded
exponantially. This work has revaaied o cantral role 1or mesoimi signaling of the phyloganet-
cally conserved neurotranamitier dopamine (DA in shaping wilingness 10 expand energy [2-5]
or forage €8] and the dave to overcome cbstacies [9.10] iIn pursult of rewards. Te date,
howaver, the majonty of studies nave focusad on the behavioral consequences of mesolmibic
DA signaling within the stiatal, imbic. and cortical areas that mediate various aspects of nomal
and abnormal reward-seeking behavior. By contrast, a smalier body of work has focused on
nputs to the masolimbic DAargic system from souroas outside the CNS that communicats
relevant bodily states 1o influence the responsivity of DAergic neurons and the calculus of effion-
based dacision-making.

(O armerging source of this extemal reguisation ks inflammation. Thase is growing apprecation

that many of the behavoral sequalas associated with infection and the related infammatory

response, induding altératons in reward-seadng behavior (s ocows N so-called 'sickness

bahavior), ane & direct consaquence of tha impact of inflammatorny Cytokines on masclimbic DA |

signaling {11.12). To date. however, the broader impiications of this mesclmbic DA-mmune vl 1 PZscey oy
axis have yet to be fully explored. Herein, we propose that inflammatony signaling molecuies  "Department of Peychintry and
play a critical role In communicating information relevant 10 ghifts In IMmunometabolism that  Beraviord Scieces snd The Winship
Impact avalabie enargy resources in the body — a prerequisite for the mesolimbic DA system to m;-:w-l ',Ew
generaie accurate estimates of expected value of reward and guide effort allocation and energy 30302, USA

expandture. This function may have odginated during evoltion &S & Means of SUDEYESSINg

xplotatory bahasior and shifting enargy resourcas 1o tha immuns systam for ighting indection

snd healng wounds in an ancestral emironment rife with pathogans and Drecators [13.14].  coret o o
Neverthelesa, we suggest that, in the modern world, commurnication between the Immune  ALT. Treacway).

Tt 1 Cogritie Seassca. Monh Yaae, Vol 65, s oy SR Smsierg "1 1018 Sea 2018 200m 1
© 221 Erminr Uit 41 rgiris rewerverd

“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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Figure 1. Causes and Corsegquences of the immunometabole Shit During Ihflsmmation. Several wel
eotublehed Weslyle srd medcal fations lead 1o the relnase of Morobe-Ssscciated Mmomoulsr patlers MAANPY and
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RJANE INCLONG T siatum Trough STrats. and potentialy NAAMMABAN-INCLCRY SLCHITS N 1 BSOS brain barrier,
ulmanely contrit,ing 1o denptione in DA synthesis, rebsams, ird reupls, ACtvation of microghe can 820 kad 10 e
raans of MRACTNG CotRen specks RIDGL which can danpt maochondnal and ubimatdly reuronal lunction whls dlso
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@ Comprehensive Neurotransmitter; urine

| order: SAMPLE REPORT | Patient: Sample Report P> sample Collection DatelTime
0 R A e Age:33 Date Collected  01/07/2019
Client #: 12345 Sex: Male Wake Up Time 0800
Doctor: Sample Doctor, MD Body Mass Index (BMI): 24 4 Collection Time 0805
Doctors Data Inc. Collection Perlod 2nd maorning void
3755 |llinois Ave. Date Received 01/08/2019
St, Charles, IL 60174 Date Reported 01/09/2019
Analyte Result Unit per Creatinine L WRI H Reference Interval
Phenethylamine (PEA) 27 nmol/g TN T —_ — 26-70
Tyrosine 12 wmolig e O T L
Tyramine 1.9 pmolig "R A_ e 1.6-3.2
Dopamine 211 valo P —— _—_—440..200
34-Dihydroxyphenylacetic acid (DOPAC) 331 palg T ——— 3301000
3-Methoxytyramine (3-MT) 175 nmolig NP, 02 /Fok
Norepinephrine 21 Vgl I N R L ap
MNormetanephrine 133 Halg — * p— 70-275
Epinephrine 43 valg . Ep— .y
Metanephrine 55 uglg s T T T
Norepinephrine / Epinephrine ratic 4.9 ) —_ f—s
Tryptamine 0.3 pmolig pa— * — 0.10-0.75
Serotonin 83 pa/g o _‘ — 50-98
5-Hydroxyindolacetic acid (5-HIAA) 1450 valg | —— W= 4600-6000
Glutamate 42 nmolig T S—— W= g 0.40,0
Gamma-amincbutyrate (GABA) 28 nmolig ey Yl T
Glycine 2605 nmol/g S — = 501500
Histamine a2 Lalg S — r 12-30
Taurine 1111 pmolig S —————— _—_40 900
Creatinine 125 ma/dL S e T

Neurctransmitter Comments:

« Urinary neurotransmitler levels provide an overall assessment of the bady's ability to make and break down neurolransmitters and are
represantative of whole body levels. They are required for neurotransmission throughout the body _Dirgct asse 5 i
2 k] entra ; icall i d approximately twenty perce

B rE B 5 3 5 T 4 i el £l 210 WTCE I TAMLE B 8 3

M_Euﬂujhe enzymes, cofactors and precursors in neurotransmitter metabolism in general are the same in the periphery and in the

central nervous system, Therefore, alterations in urinary neurotransmitter levels assessed in urine provide important clinical information, and may
be associated with many symptoms including cognitive and mood concerns, diminished drive, fatigue and sleep difficulties, cravings, addictions
and pain.
Tyrosine is the non-essential amino acid precursor for dopamine, norepinephrine and epinephrine. Increased lyrosine may exacerbale migraine
headaches and hyperthyroid conditions. Elevated tyrosine levels may oceur due lo supplementation (phenylalanine or tyrosine), heritable
enzyme defects, or liver disease. Tyrosine hydroxylase converls tyrosine into the dopamine precursor L-DOPA; BH4, Vitamin D and iron ane
cofactors for that enzymatic activity.
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Depression and risk of developing dementia.

Bvers AL, Yaffe K.

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

Abstract

Depression is highly common throughout the life course and dementia is common in late life. Depression has been
linked with dementia, and growing evidence implies that the timing of depression may be important in defining the nature
of this association. In particular, earlier-life depression (or depressive symptoms) has consistently been associated
with a more than twofold increase in dementia risk. By contrast, studies of late-life depression and dementia risk have
been conflicting; most support an association, yet the nature of this association (for example, if depression is a
prodrome or consequence of, or risk factor for dementia) remains unclear. The likely biological mechanisms linking
depression to dementia include vascular disease, alterations in glucocorticoid steroid levels and hippocampal atrophy,
increased deposition of amyloid-B plaques, inflammatory changes, and deficits of nerve growth factors. Treatment
strategies for depression could interfere with these pathways and alter the risk of dementia. Given the projected
increase in dementia incidence in the coming decades, understanding whether treatment for depression alone, or
combined with other regimens, improves cognition is of critical importance. In this Review, we summarize and analyze
current evidence linking late-life and earlier-life depression and dementia, and discuss the primary underlying
mechanisms and implications for treatment.
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A Literature Review
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' FIGURE 1.
Tryptophan, kynurenine, and quinolinic acid’

Neuroplasticity Neurotoxicity

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

NMDA=N-methyi-p-aspartate; Th=T helper cell; IL=intereukin; ID0=indoleamine 2,3-dioxygenase; IFN=interferon; TNF=tumor necrosis factor, Rx=prescription;
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 *

Insiitute of Biomedical and Life Sciences, University West Medieal Building, University of Glasgow, Glasgow GI12 800, UK

Received 17 March 2000 “ As an NMDA receptor agonist,

quinolinic acid similarly proved
Abstract able to cause neuronal death
In just under 20 vears the kynurenine family of compounds has developed from a group of obscure metabolites of the essential followi ng direct intracerebral

amino acid tryptophan into a source of intensive research, with postulated roles for quinolinic acid in neurodegenerative disorders.

most especially the AIDS-dementia complex and Huntington's discase, One of the kynurenines. kynurenic acid, has become a ad mInISt ratlon There is Strong
standard tool for use in the identification of glutamate-releasing synapses, and has been used as the parent for several groups of seeee

compounds now being developed as drugs for the treatment of epilepsy and stroke, The kynurenines represent a major success

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

some of the recent work most directly relevant to the understanding and applications of kynurenines in medicine. © 2001 Elsevier N M DA recepto rsis Crltlcal In the
Science Ltd. All rights reserved. . . .

production of brain damage in
AIDS.”

Keywards: Kynurenine: Kynurenic acid: Quinolinie acid; Tryptophan; Neurodegeneration; Neuroproteetion; Excitotoxicity
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FIGURE 2.
Excitatory amino acid production and removal’

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

NMDA=N-methyl-D-aspartate; Th=T helper cell; |L=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

Shaheen E. Lakhan'* *, Mario Caro” and Norell Hadzimichalis'
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Edited by: N-Mathyl-g-aspartate (NMDA) receptors play & vanaty of physiologic roles and their proper

Angird Scheniglt, University of Basel,
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signaling is essantial for cellular homeostasis. Any disruption in this pathway, leading 10
either enhanced or decreased activity, may result in the manifestation of neuropsychiatric

Reviewed by: pathologies such as schizophrania, mood disorders, substance induced psychosis, Hunting-
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ton's disease, Alzheimer’s disease, and neuropsychiatric systemic lupus erythematosus.
Hara, we axplore the notion that the overlap in actmity of at least one biocchemical pathway,
the NMDA receptor pathway, may be the link to understanding the overlap in psychotic
symptoms between diseases. This review intends to present a broad overview of those
nauropsychiatric disorders for which altamations in NMDA recaptor activty iS prominent
thus suggesting that continued direction of pharmaceutical intervention 1o this pathway
may present a wiable option for managing symptoms.
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OH 44795, USA s disnass,
wempdl. plaichan@ignil org

INTRODUCTION

Diagnosis of psychiatric disorders is done clinically by f

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

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

Abbreviations: AA, arachidonic acd; AR, anmod beta; AL, Alrheimer's discase:
AMPA, a-amiino-3-ydmoay-S-methyl--hosiclcproploaic scd; BPAL, hipolar
affective disorder; CONSIST, Cognitive and Negative Symptoms in Schizophrents
Trial: DSM, Disgnontic and Statistical Manoal of Mental Disonders; DEM-IV- TR,
[agnastic and Statistical Manual of Mental Dsarden, fourth edibion, text: revision:
GABA, in v obatyric acad; HD, Hi v disease; NMDA, N-Methyl-p-
aspartute: SIF incucedy i SLE. percbiabra sybemas lupus
erythematosas SLE. vwatemis hupus erythematoms.

blocking certain subtypes of these receptors with antipsychotics.
Unfortunately, long-term treatment with typical or atypical
antipsychotics is limited due to side effects profile and high rates of
discontinuation (Licherman et al, 2005). N-Methyl-p-aspartate
(NMDA) receptors have also been implicated in the develop-
ment of psychotic symptoms and are a potential target for the
development of novel treatrments in the future.

NMDA RECEPTORS IN NEUROPSYCHIATRIC DISORDERS
Nhhhylbupﬂmmm;dmdﬁm:m
tor that when activated, meds rot
dlptﬁog:dmnﬂkﬂhtnmmdudm;ﬁ" lhrou;lll.l'u'
channel. They are abundantly and ubiquitously } d through-
nmmehﬂnladmundﬂwmdmphy hyrnlr:ns_m-pu:
plasticity and memory function (Stephenson ef al, 2008; Li and
Taien, ‘W}Thcymmmlbybmdmgﬂnm—mﬂuu
mate and glycine, in addition to exposure 10 a positive change in
membrane potential across the cell. Functional NMDA recep
heterotetramers are generally formed through a “dimer of dimers™
mechanism and are conventionally made up of two glycine binding
NRI subunits and two glutamate binding NR2 subunits (Figure 1)
(Dongen, 2005). While the NR1 subunit is considencd essential to
the formation of the complex, data indicates that the NR2 sub-
units may be interchangeable with either one or two NRY subunits
(Schuler et al., 2008).

The NMDA receptor is known to play an integral role in
the regulation of signal transduction in multiple regions of the
brain. Accordingly, any homeostatic dysfunction of NMDA recep-
tor activity has the potential 1o result in a variety of pathologies.
Previous authors have found a particularly high concentration of
post-synaptic NMDA receptors in limbic structures (Kretschmer,
1999; Teapakas er Travis, 2002), Mndummm
in the pathoge of many psych disorders.

www.frontiersinorg

b 2003 | Velurme £ | Arvicle 52 |1

“Any disruption in this pathway,
leading to either enhanced or
decreased activity, may result in the
manifestation of neuropsychiatric
pathologies such as schizophrenia,
mood disorders, substance induced
psychosis, Huntington’s disease,
Alzheimer’s disease, and
neuropsychiatric systemic lupus
erythematosus.”

29



o}

CASE REPORT

Anti-N-methyl-D-aspartate receptor encephalitis
in a patient with a 7-year history of being
diagnosed as schizophrenia: complexities

in diagnosis and treatment

Chachua Huang'#4*
Yukun Kang'*
Bo Zhang'

Bin LI
Changjian Qiu'
Shanming Liu'
Hongyan Ren'?
Yanchun Yang'
Xiehe Liu'

Tao Li™?
Wanjun Guo'4

'Mental Health Center, West China
Hospital, Sichuan University, Chengdu,
Sichuan, People’s Republic of China;
"State Key Laboratory of Biotherapy,
Pyyehlatric Laboratary, West China
Hospital. Sichuan Universicy, Chengdu,
Sichuan, People’s Republic of China;
"Mental Health Education Canter,
Sichuan University, Chengdu, Sichuan,
People's Republic of China: ‘Mental
Health Center, Affiliated Hospital

of Luzhou Medical College. Luzhou,
People’s Republic of China

*These authors contributed equally
10 this work

Corraapondence: YWanjun Guo

Mental Health Center, Wiest China

Hospital, Sichuan University, Diamdn Man
28, Wuhou District, Chengdu, Sichuan

610041, People's Republic of China

Tel +86 28 8542 156|

Fax +86 28 B516 4015

Email guowjoni | 63.com

This artathe was published in the folowing Dove Press jourma
Meuropaychintric Divesse and Trestrment

11 june 2015
Mumber of el this artichs hai been vigwed

Abstrace: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a form of sutoimmune
encephalitis associated with antibodies against the NR1 subunits of NMDARs. Although new-
onset acute prominent psychotic syndromes in patients with NMDAR encephalitis have been
well documented, there is a lack of case studies on differential diagnosis and treatment of anti-
NMDAR encephalitis after a long-term diagnostic history of functional psychotic disorders,
The present study reports an unusual case of anti-NMDAR encephalitis. The patient had been
diagnosed with schizophrenia 7 years carlier, and was currently hospitalized for acute-onset
psychiatric symptoms. The diagnosis became unclear when the initial psychosis was confounded
with considerations of other neurotoxicities (such as neuroleptic malignant syndrome). Finally,
identification of specific immunoglobulin G NR1 autoantibodies in the cercbrospinal fluid and
greater effectivencss of immunothempy over antipsychotics alone (which has been well docu-
mented in anti-NMDAR encephalitis) indicated the diagnosis of anti-NMDAR encephalitis in this
case. Based on the available evidence, however, the relationship between the newly disgnosed
anti-NMDAR encephalitis and the seemingly clear, long-term history of schizophrenia in the
preceding 7 years is in. This case repon illustrates that psychistrists should consider
anti- ‘J\!DAR encephalitis .md. order tests for specific immunoglobulin G NR1 autoantibodies
np g with disorientation, disturbance of consciousness, cognitive deficit, dys-
kinesia, aummm-:d.muhnu or rapid deteriomtion, even with a m:mmgly clear history of a
psychiatric disorder and no specific findings on routine imaging, el phalography,

or cerebrospinal fluid tests in the carly stage of the iliness.

Keywords: anti-N-methyl-D-aspanate receptor encephalitis, schizophrenia, differential ding-
nosis, treatment

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic autoimmune
disorder in which immunoglobulin (Ig)G autoantibodies recognize the GluN1 (also
termed NR1 or NR1a) subunit of NMDARs.' According to available studies,’' * in most
patients, development and progression of the disease occurs in well-defined clinical
stages. The majority of patients (70%) will develop a viral prodrome with headache,
fever, nausea, vomiting, diarrhea, and/or upper respiratory tract symptoms. Within
5 days 1o 2 weeks, patients develop prominent psvchiatric 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 seirures, movemnent abnormalities,

(R ———

v

Neuropsychiatric Disease and Treatment 2015:11 14371442 1437
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“The present study reports an
unusual case of anti-NMDAR
encephalitis. The patient had been
diagnosed with schizophrenia 7
years earlier, and was currently
hospitalized for acute-onset
psychiatric symptoms.”
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Abstrace: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a form of autoimmune
encephalitis associated with antibodies against the NR1 subunits of NMDARs. Although new-
onset acute prominent psychotic syndromes in patients with NMDAR encephalitis have been
wiell documented, there is a lack of case studies on differential diagniosis and treatment of anti-
NMDAR encephalitis after a long-term diagnostic history of functional psychotic disorders,
The present study reports an unusual case of anti-NMDAR encephalitis. The patient had been
diagnosed with schizophrenia 7 years carlier, and was currently hospitalized for acute-onset
psychiatric symptoms. The diagnosis became unclear when the initial psychosis was confounded
with considerations of other neurotoxicities (such as neuroleptic malignant syndrome). Finally,
identification of specific immunoglobulin G NR1 autoantibodies in the cercbrospinal fluid and
greater effectivencss of immunothempy over antipsychotics alone (which has been well docu-
mented in anti-NMDAR encephalitis) indicated the diagnosis of anti-NMDAR encephalitis in this
case. Based on the available evidence, however, the relationship between the newly diagnosed
anti-NMDAR encephalitis and the scemingly clear, long-term history of schizophrenia in the
preceding 7 years is uncertain. This case report illustrates that psychiatrists should consider
anti-NMDAR encephalitis and order tests for specific immunoglobulin G NR1 autoantibodies
in patients presenting with disonentation, disturbance of consciousness, cognitive deficit, dys-
kinesia, autonomic disturbance, or rpid deteriomition, even with a seemingly clear history of a
psychiatric disorder and no specific findings on routine neuroimaging, electroencephalography,
or cerebrospinal fluid tests in the carly stage of the iliness.

Keywords: anti-N-methyl-D-aspanate receptor encephalitis, schizophrenia, differential ding-
nosis, treatment

Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a synaptic autoimmune
disorder in which immunoglobulin (Ig)G autoantibodies recognize the GluN| (also
termed NR1 or NR1a) subunit of NMDARs.' According to available studies,’  in most
patients, development and progression of the disease occurs in well-defined clinical
stages. The majority of patients (70%) will develop a viral prodrome with headache,
fever, nausea, vomiting, diarrhea, and/or upper respiratory tract symptoms. Within
5 days 1o 2 weeks, patients develop prominent psvchiatric 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 seirures, movemnent abnormalities,
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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, it
NMDA. Affected individuals display distinctive symptoms, including Tests to Consider
significant psychiatric disturbances, seizures, confusion, memory loss,

and agitation. Woman are affected more often than men. Testing is :;R:L?J:ngg:&ﬁejf:;ﬂzx
used to confirm a diagnesis of NMDAR encephalitis and to monitor to Titer 2004221

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

Disea 5e Overview * Confirm diagm‘sis of anti-NMDAR
encephalitis
* May be used in monitoring
Incidence treatment response in individuals
who are antibody positive
Unknown
N-methyl-D-Aspartate Receplor
Antibody, IgG, CSF with Reflex to
Age Of Onset Titer 200517 64
Method: Semi-Quantitative Indirect
Affects all age groups, with a low prevalence in individuals >50 years Fluorescent Antibody
¢ Confirm a diagnosis of anti-NMDAR
Symptoms encephalitis
* May be used in menitoring
« Prodromal symptoms similar to a nonspecific viral-like illness treatment response in individuals
o Low-grade fever who are antibody positive
¢ Handache . _ Autoimmune Encephalitis
» Rapid progression to other neurological symptoms (psychotic and Reflexive Parel, Serum 2013601
calatonic phases) Method: Seml-uuamilmi\r;;ndlmct
i : fla g ¢ Flusrescent Antibody/Semi-Quantitative
o Aut nnumu:: dysfunction [h‘ypoventliahon. tachycardia, Enigme Lk imminosdeient
hypertension, hyperthermia) Assay/Quantitative Radioimmunoassay
o Cardiac dysrhythmias Sefrarendial evaluation of
; . erential evaluation o
o Delusians, psychoses
- : encephalitis of unknown origin with
o Dyskinesia, movement disorders 3

subacute onset of seizures,

© Hallucinations confusion, memory loss, and/or

o Memory loss behavioral change

o Paranoia * Testing for LGI1 and CASPR2

o Seizures antibodies always performed

o Unresponsiveness * Panel includes NMDA receptor
antibody, VGKC antibody, GADGS

 Significant portion of patients are nonparaneoplastic

i 4 antibady.
o Ovarian teratoma is the most common tumor-related cause = ::'::::;T; p:‘:i'::::viih
o Men, women, and children without tumors have also been susgiolon of cancec sddiionel 32
diagnosed with anti-NMDAR encephalitis evaluation of paraneoplastic

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

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

Method: The authors used the second-generation radio-
ligand [*'CIPBR28 and PET to image microglial activity in the
brains of participants at ultra high risk for psychosis. Partic-
ipants were recruited from early intervention centers. The
authors also imaged a cohort of patients with schizophrenia
and matched healthy subjects for comparison. In total, 56

individuals completed the study. At screening, participants
were genotyped to account for the rs6971 polymorphism in
the gene encoding the 18Kd transiocator protein. The main

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

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

&jp in Advance

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

Results: [“C|PBR28 binding ratio in gray matter was elevated
in ultra-high-risk participants compared with matched
comparison subjects (Cohen's d >12) and was positively
comelated with symptom severity (r=0.730). Patients with
schizophrenia also demonstrated elevated microglial activity
relative to matched comparison subjects [Cohen’'sd >17)

Conclusions: Microglial activity is elevated in patients with
schizophrenia and in persons with subclinical symptoms who
are at ultra high risk of psychosis and s 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.

AP in Advence [doi: 101176/ appiap 2015 14101358)

in gray matter volume in both ultra-high-risk individuals (10)
and patients with schizophrenia (11). Postmortem in-
vestigation of brain tissue has found elevated microglial cell
density (with a hypertrophic morphology) in persons with
schizophrenia compared with control subjects (5), particu-
larly in the frontal and temporal lobes (12), although some
studies have found no differences (13). However, since
microglial activity is dynamie, 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)-["'C]PK11195 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 psychatryonine.ong 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

Schizophrenia Working Group of the Psychiatric Genomics Consortium®

daki10, 1038/ nature 13595

“Independent of genes expressed

Schizophrenia is a highly heritable disorder. Genetic risk is conferred by a large number of alleles, including common
alleles of small effect that might be detected by genome - wide association studies. Here we repart sm!li-slq;sehhn-
phrenia genome-wide association study of up to 36,989 cases and 113,075 controls. We identify 128

ciations spanning 108 conservatively defined loci that meet genome-wide significance, a]n\fwhmmwnmhem
previously reported. Assoclations were enriched among genes expressed in brain, pr ihility for
the findi Many findings have the p fal to provide entirely new insights into nﬂinhgy hu.tamchtlunsn DRD2

in brain, associations were

amd wvcmlg!nﬁm\'nhﬂdh'lghllnmmmc newrotransmission highlight molecules of known and potential therapeutic
ypotheses.

renia, andare with leading pathophiysiological b

of genes expressed
roviding

Independent
Enhrain among genes expressed in tissues that have important roles in immunity, p

exp
support 'for the speculamdlink between the immune system and schizophrenia.

Schizophrenia has a lifetime risk of around 1%, and is assoclated with
substantial morbidity and montality as well as personal and socdietal costs' ™,
Although pharmacological treatments are availahle for schizophrenia,
their efficacy is poor for many patients”, Allavailable antipsychotic drugs

are thought toexert their main therapentic effects through blockade of

thetype 2 dopaminergic receptor but, since the discovery of this mech
anism over 60 years ago, no new antipsychotic drag of proven efficacy
las been developed based onother la.rpnmnlc:u..cs Therapeutic stasis
s in large parl & consequence of the fact that the pathophysiclogy of
schizophrenia is unknown. [demifying the causes of schizophrenia is
therefore a critical step towards improving treatments and outcomes
for those with the disonder,

High heritability points to a major role for inherited genetic variants
In the aetiology of schizophrenia™. Although risk variants range in fre-
gquency from common 1o extremely rare’, estimates'™" suggest halftos
third of the genetic risk c:r.sdnimphnmia is indexad by eommon alleles
genotyped by current genome-wide sssociation study (GWAS) arrays,
Thus, GWAS is potentially an |r'|p-c>rrar|l tool for understanding the
'chllclycm underpinnings of schizol

To date, around 3 schizophrenia-associated Joei'™ ' have been iden-
tified through GWAS. Postulating that sample size is one of the most
impoetan: lmiting factoes in appiying GWAS toschizophrents, we crented
the Schizophrenia Warking Group of the Paychiatric Genomics Con
sortium (PGC), Qur primary aim was 1o combine all available schizo-
phrenia samples with published or unpublished GWAS genotypesinto
asingle, systematic analysis™, Here we report the results of that analysis,
including at least 108 independent penomic loc that exceed gmuﬂe
wide sug.m!'ean:e Some of the findings support leading patl

These comprise the primary PGC GWAS data set. W processed the
genotypes from all stedies using unified quality contral procedines fiol-
lowed by imputation of S¥Ps and insertion- deletions using the 1000
Crenomes Praject reference pansl™, [n each sample, association testing
was conducted using imputed marker dosages and principal components
(PCs) to control far population sratification. The results were combined
using an inverse-variance weightod fixed effects model™. After quality
cantrod {imputatkon INFO score 2= 06, MAF = 0,01, and successfully
imputed in = 20 samples), we considered around 9.5 million variants.
The resuliz aresummarired in Fig. | Toenable acquisition oflarge sam

ples. same groups ascertained cases via clinician diagnosis rather than a
rescarch-based assesment and provided evidence of the validity of this
approach (Supplementary Information)'*, Post hoc analyses revealed
the pattern of effect sizes for associated locl was similar across different
assessment methods and modes of ascertainment (Extended Data Fig, 17,
:uppurtma aier n(pnm .Iua_mun I(* md.ud.L samiples of this nature.

For ich dent sinple nucleotide
pu],.murplmn_-. [SNI’s, with P13 105 ® mdueme‘u analysis, we next
obiained resules from deCODE penetics (1,513 cases and 66,236 controls
of Eurapean ancestry). We define linkage-disquilibrium-independent
S$1¥Ps as those with low linkage disequilibrium (r* < 0.1) w0 a more sig-
nificantly associated SNP within a 500-kb window. Given high linkage
disequilibrium in the extended major hissocompatibility complex (MHC)
region spans ~8 Mb, weconservattvely include onlya single MHCSNP
to represent this locus. The deCODE dats were then combined with those:
fram the primary GWAS myw.‘;\d.al.am of 36,989 cased and 113,075
conlmls.Tn1h|«f:1-t| analysis, 128 linkage disequilibrium-independeat

logecal hypotheses of schizaphrenia or targets of therapeutic m}emnm
Tbut mast of the findings provide new insights

108 independent associated locd

"We obtained genome-wide genotype data from which we constructed 49
ancestry matched, non-overlapping case-control samples (46 of European
and theee of east Asian ancestry, 34,241 cases and 45,604 controls) and
3 family-basad samples of Eurcpesn ancestry {1,235 parent affecied
offpring triss] (Supplementary Table | and Supplementary Methads)

A b1 ] At 4 SIS MEpRAN AL £ B0 o e paper

SNPs : wide significance (P =5 x 10~ (Supplemen-
‘tary Table 23

Asin meta-analyses of other complex traits which identified lasge num-
bersof commen risk variants™™, the test statistic distribution from our
GWAS deviates from the null (Extended Data Fig. 2) Ih:slacomsten:
with the previously documented polygenic condribution to &hhn;hmn
The deviation in the test saristies fram the aull (A
is only shightly less than expected (Rec = 1.56) under 2 polyg
given fully informative genotypes, the current sample size, and d1e life
time risk and heritability of schinophrenia™

enriched among genes expressed

in tissues that have important roles

in immunity, providing support

for the speculated link between
the immune system and

schizophrenia.”




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

Tsuyoshi Miyaoka®, Rei Wake, Sadayuki Hashioka, Malko Hayashida, Arata Oh-Nishi,
Ihamuddin Abdul Azis, Muneto lruhara, Keiko Tsuchie, Tomoko Araki, Ryosuke Arauchi,
Rostia Arianna Abdullah and Jun Horiguchi

Cypniirriond of Payohmiy Schaal of Medors, Shvnere Liwenif oo, s

The authors presant the case of a 24-year-oid make with treatment-resistant schizophreria,
with predomnant severs delusion and haliucination, who recenved bone mamow
transplantation (BMT) for acute myeloid leukemia. Afer BMT, he showed a remarkable
reduction in psychotic symptoms without administration of neurcleptica. He also showed
drastic improvernent in social functioning. Follow-up evaluations 2 and 4 years after BMT
showed persistent significant improvement of the psychotic state and social functioning.
Recant findings show that the majer underlying pathogenic machanism of schizaphrania
Is immune dysreguiation. Thus, conceptualy, BMT, a celiutar therapy, that faciitates the
counteractive processes ol balancing inflarmmation by immuna regulation, could pro-
duce beneficial clinical effacts in patients with treatmant-resistant schizophrenia. Further
studies are requined Lo dafing the trua banafits of BMT for thi possibla curalive traalmant
ol schizophnenia

Koywords: schirophrerss, bone marrow ransplaniston, sculs rmyeios] leukemea, curstive treatmand, irremune
altecations, cellular iherngry, mateenal iremune sciivstson

BACKGROUND

Increasing evidence suggeiti a correlation between schizophrenia and immune system disturbances,
Genome-wide association studies for linkages with schizophrenia have revealed that the odds ratio
is frequently high in immune-related regions among many schizophrenia- related genome loci of
patients (1-3). Although schizophrenia is regarded as a syndrome with different biological back-
grounds, involvemnent of immune system disturbances could be oné of the common mechanisms.

The associstion between maternal infection and scurodevelopmental disorders i long stand
ing bat not without controversy. After the 1964 rubella pandermnic, the incidence nfn'huuj:hn:nu
rose from less than 1% in the unexposed population ta about 20% in the exposed population (1)
Subsequent studies charting historic outbreaks of (lu, measles, mumps. chickenpox. and polio have
revealed an association with schizophrenia (5). However, not all ecological studies have replicated
theie associations (6), The differing conclusions may dem from differences in estimating the exposed
population (6). Nevertheless, several prospective studies following birth cohorts (7, 8) have consist-
ently revealed an association between maternal viral infection and psychistric disorders in offspring
and added other cdasses of pathogens lo the list: namely, bacterial infections—including pneumonia,
sinusitis, and tonsillitis—and the parasite Toxoplasma gomdii (7, 9).

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

Severe chronic psychosis after allogeneic SCT from

a schizophrenic sibling

Bone Marrow Transplontation (2015) 50, 153-154 dok10.1038/
bmt2014.221; published online & October 2014

Schizophrenia 4 & life-long disorder, usually starting at early
adulthood and coniisting of remitting or chronic psychosis and
functional decline.

There i amFie evidence that immune processes play & role in
schizophrenia * More than 20 different autc-antibodies are at
elevited levels in patients with schizopheenia as compared 1o
controls.® Aumteimmune diseases (AID), such ai thyrotosscosis,
celiac disease, acquired hemolytic anaemia, interstitial cystitis and
Sjogren's syndrome, but also atopic diseates, have higher
prevalence rales among patients with schizophrenia®™ The
strongest genetic adsodiation with schizephrenia is found in the
MHC genes, induding loci that influence immune responses.”
Further evidence for an autolmmune component comes from the
loweer Incidence of schizophrenia in men who used glucocorticos-
teroids for somatic diseases (odds ratio 052).° It is unclear if
immune procedses play & kéy role in all patients with schito-
phrenia, or only in = 30-40% of them."*""

A common characteristic of AID" and severe allergies’ is ther
favourable response 10 immuné ablation and rescue with SCT,
Accordingly, we [ES and DWvB) searched for transplant cases
suffering from coincident schizophrenia.'* '™ No such cases had
been discovered, but one of us (GT) retrieved the history of &
patient who developed severe psychosis after receiving a BM
trangplant from his schizophrenic brother.

The patient (born 1940) had a blank psychiatric history. He was
retired, martied and had two adult children. At the age of 67 he
developed fatigue and skin ecchymoses, and he wai diagnosed
with chronic lymphooytic leukemia (CLL and bone marmow
aplasia, requiring weekly blood transfusions. Chemotherapy (two
courses of CY), and treatment with cyclosporin A, rituximab and
prednisclone did nol improve his CLL/aplastic anemia, in 2007 he
received an allogeneic peripheral blood SCT from one of his
brothers, who wias the only HLA-matched family member. This
brother (bom 1952) had schizophrenia since eardy adulthood and
he required treatment with multiple antipsychotic agents. No
other first-degree relatives sulfered from schizophrenia. The donor
also had & history of Lyme disease B years before. Serclogy
showed positive IgG and negative Ight for Lyme disease, and PCR
wias negative for Borrelio burgdorferi DNA, conslstent with inactive
prior infection. The donor used daxycycline 100mg twice daily,
starting 4 days before the stem cell collection, as a salety measure
1o prevent tanimidsion. The patient was conditioned with
fludarabine and CY, foliowed by an infusion of 5.0x 10" CD34"
cells/ig from the peripheral blood of his brother. Tacrolimus was
administered to prevent GVHD. He never received steroids, and
did not develop graft-vi-host reactions. He had complete
hematologic recovery and reached full hematopoletic chimerism
| =97% donor cells 4 weeks after SCT). We tapered off tacrolimus
4 months after the SCT, because of decreasing blood counts. A
few weeks later, when off tacrolimus, he developed acute
piychotic symptoms: frequent hallucinations {running commen-
tary snd threstening voices), bizame and non-bizaire delusions,
and thought broadcaiting with clear consciousnesi. Insight and

judgment were poor. He desaribed his mood a8 “angry’, with a flst
affect. When he developed suickdal and homicidsl ideation, he was
sdmitted to a puychistric dinic Neurclogical evaluation, magnetic
resonance imaging and  electroencephalography revesled no
sbnomaiities. BExtendive medical work-up did not reveal metabolic
disorders, underlying infections and neoplasms. Results of lumbar
puncture were normal and screenings for viruses (inchuding
Herpes Simplex Vins and Human Herper Vieus-6), bacteria. fungl
and Lyme disexse were al unremarkable He was trested with
rigperidone Img and citalopram 20 mg, unsuccedsfully, Under the
working disgnosts of delirium, all medications were discontinued and
haloperdol 1 mg was adminiitered, which was not helplul either,

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

The following differential diagnoses were considered and
damissed:

Delirium: Acute onset of piychotic symptoms in a 68-year-old
man after somatic disease. However, the 4-month interval
between traniplantation and onset of psychosis Is atypical
Furthermore, discontinuation of all medication did not improve
his condition, nor could any somatic disorder be identified

Endogenous schizophrenia: The patient was genetically predis-
posed to schirophrenia, given his brother had this disease.
However, acute onsel at the age of 68 is rare,'* especially in
males” Age of onset is strongly comelated among affected
siblir?x. and differences in onset of more than 10 years are very
rare.

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

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

Adoptive transfer of ADs seemns to be rare, &1 we are aware of
only 21 cases reported so far among - 200 000 long-term survivors
of allogeneic SCTL. Stem cell donors are routinely subjected to
complete medical examination; therefore chances are small that
AID & overlooked. The 21 cates include thyroidins (10 cases),'”
vitiigo (3)."° % psoriasis (2" type | diabetes mellius (2"
celiac disease (1), thrombocytopenia (11" polyglandulas
syndrome type Bl (1)* and systemic lupus erythematosus (1).°"
Moreover, not only AIDs may be transferred by SCT but also other
immune diseases, such a3 allergies’’ Adoptive wansfer of AIDs
and allergles i thought to be mediated by transfer of donor

This suggests that the sublorm of schirophrenia in
the patient was mediated by lymphocytes.

Based on thid single case feporl, we obviously cannot prove an
immune pathogenesis of schizophrenia. However, the repon
supports the hypothess of immunological Involvement i
schizophrenia pathogenesis and we suggest that physicians and
patients involved in 5CT take into consideration the possibility
that schizophrenia may be trarumitted by the ransplant.

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

ug:-”- , Benhua Zeng**, Meiling Liu®, Jianjun Chen®, Junxi Pan™"7, Yu Han'?,
, Ke Cheng'*?, Chanjuan Zhou®™’, Haiyang mng'-*-' Xinyu Zhou™?, Sivais Gui'*,
s.ﬂ-. W. Parry' Ma-Li Wong®, Julio Licinio®", Hong Wei*", Peng Xie'"*

Schizophrenia (SCZ) is a devastating mental disorder with poorly defined underlying molecular mechanisms. The
gut microbiome can modulate brain function and behaviors through the microbiota-gut-brain axis. Here, we
found that unmedicated and medicated patients with SCZ had a decreased microbiome a-diversity index and
marked disturbances of gut microbial composition versus healthy controls (HCs). Several unique bacterial
taxa (e.g., Veillonellaceae and Lachnospiraceae) were associated with SCZ severity. A specific microbial panel
[Aerococcaceae, Bifidobacteriaceae, Brucellaceae, Pasteurellaceae, and Rikenellaceae) enabled discriminating
patients with SCZ from HCs with 0.769 area under the curve, Compared to HCs, germ-free mice receiving SCZ
microblome fecal transplants had lower glutamate and higher glutamine and GABA in the hippocampus and
displayed SCZ-relevant behaviors similar to other mouse models of SCZ involving glutamatergic hypofunction.
Together, our findings suggest that the SCZ microbiome itself can alter neurochemistry and neurologic function
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in ways that may be relevant to SCZ pathology.

INTRODUCTION
Schizophrenia (SCZ) is a devastating illness affecting approximately
0.5 to 1% of the general population worldwide (1). Previously, re-
searchers have focused on analysis of the human genome to determine
the pathogenesis of SCZ (2). Genome- wide association (GWAS)
analysis of 36,000 patients identified 108 susceptibility loci for SCZ
(3). However, the identified sssodiations likely account for only about
A% of the variance in SCZ. Thus, we should also seck 1o identify the
role of non-human genetic factors in the onset of SCZ

The gastrointestinal (GI) tract is a complex ecosystem conlain-
ing a large number of resident microorganisms (4). Recent evidence
suggests that the gut microblota could modulate brain function and
behaviors via the “microbiota-gut-brain”™ (MGB) axis (5, 6). For ex-
ample, gut microbiota have been reported to be associated with al-
terations in anxiety (7), memory (8), cognition (%), and locomotor
activity (10). Our groups recently showed that modulation of gut
microbiota using the germ- free (GF) method or antibiotics could
result in depressive-like behaviors (11, 12). These findings highlight
the novel posaibility that disturbances of gut microbiota or the MGR
axis may conltribute to the onset of prychiatric disorders.
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The relationships between the MGB axis and the SCZ are nol yet
fully understood. Emerging clinical and preclinical studies indicate
potential associations between a disturbed gut microbiome and SCZ
(13). Epidemiological studies have shown that prenatal microbial in-
fection resulted in a 10- to 20-fold increased risk of developing SCZ
(14). In addition, SCZ is frequently comorbid with Gl disorders that
are characterized by alterations of gut microbial communities (15).
In animal studies, gut microbiota are crucial in postnatal develop-
ment and maturation of neural, immune, and endocrine systems
(16), and these behavioral and phyxiological processes are frequently
impaired in patients with SCZ (17). These aforementioned studies
suggest that disturbance of the MGB axis may be associsted with
development of SCZ.

To address this fssuwe, a culture- independent, 168 ribosomal RNA
(165 rRNA) gene sequence-based approach was used 1o compare
the gut microbial communities of patients with SCZ and healthy
controls (HCs) to evaluate whether microbiotal dyshiosis was linked
with schizophrenic episodes or the severity of schizophrenic symp-
toms. Then, we transferred gut microbiota from patients with SCZ
into GF mice to test whether SCZ-relevant behavioral phenotypes
were tranimissible via their gut microbiome. Lasl, to capture func-
tional readout of microbial activity, we performed comparative
metagenomic and metabolomic analyses of samples from the mice
harboring "SCZ microbiota” versus "HC microbiota™ to determine
the potential mechanistic pathways by which the disturbed gut micro-
biota may modulate host physiology and behavior.

RESULTS

Human studies

Clinical characteristics of recruited participants

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

Telml

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: Immunclogical abnormalities play a role in the pathophysiology of mania
and have been assoclated with relapse, Problotic organisms such as Loctobaclll and
Bifidobacteria modulate inflammation in humans and animal models. The trial exam-
Ined whether the administration of probictic organisms prevents psychlatric rehospl-
talizations in patients recently discharged following hospitalization for mania.
Methods: Patients hospitalized for mania [N = 66) were randomized after discharge
to receive 24 weeks of adjunctive problotics (Loctobacilfus rhamnasus strain GG and
Bifidobacterium animalis subsp. lactis strain Bb12) or adjunctive placebo in a paraliel
two-group design format. The effect of treatment group on the risk of rehospitaliza-
tion was calculated using Cox regression models. The modulating effect of systemic
Inflammation was measured employing an inflammation score based on immunogiob-
ulin levels directed at previously defined antigens.

Results: During the 24-week observation period there were a total of 24 rehospitali-
zations in the 33 individuals who received placebo and eight rehospitalizations in the
33 individuals who recelved the problotics (z = 2.63. P = 00%). Hazard functions indi-
cated that the administration of the probiotics was associated with a significant ad-
vantage in time to all psychiatric rehospitalizations (hazard ratio [HR] = 0.26, 95%
confidence interval [CI] 0.10, .49; P = .007). Problotic treatment also resulted in fewer
days rehospitalized [mean 8.3 vs 2.8 days for placebo and problotic treatment, re-
spectively; ¥ = 517, P = 017). The effect of the probiotic treatment on the preven.
tion of rehospitalization was increased in individuals with elevated levels of systemic
inflammation at basedine.

Condlusion: Probiotic supplementation ks associated with a lower rate of rehospitali-
zation in patients who have been recently discharged following hespitalization for
mania,

KEYWORDS
immune, mania, probiotics, rehospitalization

Bipoier Disorders. 2018.1-8
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In conclusion, the adjunctive
administration of a probiotic
preparation containing defined
levels of Lactobacillus GG and
Bifidobacterium lactis strain
Bb12 resulted in a significant
reduction in the rate of
psychiatric rehospitalization in
individuals recently discharged
following hospitalization for
mania. The probiotic com-
pound was well tolerated and
had low levels of side effects.
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FIGURE 3 Cumulative hazard of rehospitalization for the total
study population by treatment group

Probiotic treatment also
resulted in fewer days
rehospitalized (mean 8.3 vs 2.8
days for placebo and probiotic
treatment, respectively; The
effect of the probiotic treatment
on the prevention of
rehospitalization was increased
in individuals with elevated
levels of systemic inflammation
at baseline.
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Neuroprotective Effects of Lithium: Implications for the Treatment of
Alzheimer’s Disease and Related Neurodegenerative Disorders
0. V. Forlenza,*' V. J. R De-Paula,*' and B. S. O. Diniz*

"Laboratory of Neuroscience (LIM-27), Department and Institute of Prychiatry, Faculty of Medicine, Univenity of Sa0 Paule, SP,
Brasil

'Department of Mental Health and National Institute of Science and Technology, Molecular Medicine, Faculty of Medicine, Federal
University of Minax Gerais, Belo Horizonte, MG, Brazil

ABSTRACT: Lithium is a well-established therapeutic option for the
acute and longterm ent of bipolar disorder and major
depression. More recently, based on findings from translational
research, lithium has alto been regarded as 3 neuroprotective agent
Mlmﬂdt&uﬁfwﬁwm‘mmmtmm-
ive disorders, namely, Alsheimer's disease (AD), amyotrophic
kteral sclerosis (ALS), and, more recently, Parkinson's disease (PD).
The putative neuroprotective cffects of lithium rely on the fact that #
modulates several homeostatic mechanisma involved in necurotrophic
response, autophagy, oxidative stress, inflammation, and mitochondrial g '
function. Such a wide range of intracellular responses may be tecondary s
to two key effects, that is, the inhibition of glycogen synthase kinase-3 -
beta (GSK-3) and inositel monophesphatase (IMP) by lithium. In the
present review, we revisit the newrobiological propertics of lithium in light of the available evidence of its neurotrophic and
neuroprotective properties, and discuss the rationale for its use in the treatment and prevention of nevrodegenerative diseases.

KEYWORDS: Lithiumn, newrcprotection, GSK-3f, autophagy, bipolar disorder, Alcheimer's disease, Parkinson's discase,

amyotrophic lateral sclerosis

ithium salts have long been used in peychiatry for the

wreatment of severe mental disorders.' Currently, the main
medical indications of ithium are for the acute and loag-term
treatment of bipolar disorder (BD) and for the adjunctive
treatment of major depression, given its well-established mood
stabiliring propertics” Mare recently, there has been a growing
body of evidence indicating that the neurobiclogical benefits of
bithium may go beyond mood stabilization. In experimental and
clinical models, lithium treatment has been associsted with
neufoprotection, due to its effects on several mechanisms of
neuronal homeostasis involved in the activation of neurotrophic
responses, modulation of oxidative stress, inflammatory
cascades, up-regulation of mitochandrial function, and other
specific biological effects implicated in the pathogenesis of
neurodegenerative diseases such as Altheimer's disease (AD)
and amyotrophic lateral sdeross {ALS)." This article aims to
review the mechanioms by which lithium may exert its
neuroprotective effects, and how these mechanisms may help
delay the progression of neurobiological changes in mood and
neuracognitive disorders. Additionally, we address the potential
UE hth.lu.lﬂ as a dl’fm‘lwd)’ln; i'sfﬂ' {“ certain  newror
degenerative and dementing conditions.

B NEUROBIOLOGICAL PROPERTIES OF LITHIUM
The pharmacological mechaniims of lithium are not completely
u.mkmmd. !ﬂ.u current n'idtm s\“nu the direct mvnl'm-

© 3314 hosaniias Chamasl Sty

v ACS Publications

ment of clamic pharmacological targets affecting neuro
trapsmission and signal transduction. These include the
modulstion of cell-surface receptors, the release of second-
memengers and downstresm signaling molecules, and the
rulnrquenl effect on the activity of important r\e‘u]aluay
systemns, with an impact on the release of transeription factors
and gene expression.’ Monovalent lithium (14°) competes with
bivalent magnesium (Mg™*) to the similar ionic radsi of these
cations (080 and 065 A r':-:Pcchwtl)-] rﬂldzring the al:n]i&y of
lithium to bind to Mg substrate sites. Therefore, lithium an
inhibit 2 wide range of emzymes that depend on Mg™ as a
cofactor.” The competition between lithiuom and Mg™ on
these substrate sites has a significant influence on the activity of
several enxymes and therefore the release of their metabolic
products; in particular, glycogen synthase kinase-3 beta (GSK-
1f), inesitel monophosphatase (IMP), and Akt/farrestinl
{Akt) are important lithium targets, Therefore, the modification
of these intracellular pathways through enzymatic inhibition i

Special liswe: Coment Hypotheses of Lithiom's Mechaniom of Action
as & Newropsychutric Medication
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The putative neuroprotective effects of
lithium rely on the fact that it
modulates several homeostatic
mechanisms involved in neurotrophic
response, autophagy, oxidative stress,
inflammation, and mitochondrial
function. Such a wide range of
intracellular responses may be secondary
to two key effects, that is, the inhibition of
glycogen synthase kinase-3
beta (GSK-3B) and inositol
monophosphatase (IMP) by lithium.
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ABSTRACT: Lithium, a drug used to treat bipolar disorders, has a variety of
nearoprotective mechanisms, induding autophagy regulation, in varous
nrump-sychl.nn'c conditions. In mew J..a ative di lithium enhances
degradation of aggregate-prone proteins, including mutated huntingtin,
phosphorylated tau, and a-synuclein, and causes damaged mitochondria to

degrade, while in a mouse model of cerebral ischemia and Alzheimer’s disease Uthll:lrn

autophagy downregulation by lithium is chserved. The signaling pathway of
lithivm as an autophagy enhancer might be associated with the mammalian
target of rapamycin (mTOR)-independent pathway, which is invelved in myo-
inositol-1,4,5-trisphosphate (IP;) in Huntington's disease and Parkinson's

1 IMPase )
At un-r.a,gummuﬁe

disease, However, the mTOR-dependent pathway might be involved in inhibiting glycogen synthase kinase-3f (GSK3/1) in other
diseases. Lithium's antophagy-enhancing property may contribute to the therapeutic benefit of patients with neuropsychiatric

disorders,

KEYWORDS: Lithaen, autephagy, GSK3f, IMPase, Huntingtin, ee-synuclein, ta, prion profein

ithium has been used clinically to treat bipolar disorders

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

I. THE BASICS OF AUTOPHAGY

I-1. Introducing Autophagy. Autophagy is the process of
“self-eating.” Under starvation conditions, bulk autophagy can
be induced to catabolize cellular substrates to generate energy.
There are three forms of .mmphagyz miuu:ump!up', MACTo-
autophagy, and chaperone-mediated autophagy. The most
common and well understood is macroautophagy, hereafter
referred to simply as autophagy. For a more complete review of
autophagy, see ref 3. Autophagy consists of four stages:
initiation, elongation, maturation, and fusion (Figure 1). This
process is initiated by formation of a cup-shaped membrane
structure (the phagophore) in the eytoplasm. The phagephore
accunwilates additional proteins, which enables the membrane
to elongate and form a double-membrane-bound structure

W ACS Publications  © 2014 Amerean Chemsical Sodety

called an autophagosome. A portion of the cytoplasm is
enclosed in the autophagosome along with the cellular
components to be degraded. Autophagesomes are then
trafficked along microtubules to the perinuclear region of the
cell {where lysosomes are clustered) to enhance the probability
of autophagosomelysosome fusion to form autophagelyso-
somes. After fusion with lysosomes, the protein and ulg,m.d]e
contents of the autophagosome are degraded by acidic
hsosomal hydrolases and recyded. Vacuolar H'ATPase (V-
ATPases) are proton pumps that reside within the lysosomal
membrane and enable acidification of the autolysosome
contents. This acidification is essential for the activation of
I}'.‘.ﬂﬂ'lm:l! ENEYMES, !iqu'I as fl"'!l"PHlﬂ'l or other JCIJ hrd I'nl.l.ﬂ"i.
which are responsible for proteolysis of the components in the
al.!n|:l]'|.1.§,:t'n'l}'sinsml‘.u:.‘1

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

Special lsswe: Current Hypotheses of Lithium’s Mechanism of Acion
a5 & Neuropsychiatric Medication
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“In neurodegenerative
diseases, lithium enhances
degradation of aggregate-prone
proteins, including mutated
Huntingtin,
phosphorylated tau, and ao-
synuclein, and causes
damaged mitochondria to
degrade, while in a mouse
model of cerebral ischemia and
Alzheimer's disease
autophagy downregulation by
lithium is observed.”
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RESULT REFERENCE PERCENTILE
walg INTERVAL 68" 95
Aluminum (Al) 29 < 7.0 j— |
Antimony (Sb) 0.056 < 0.066 |
Arsenic (As) 0.035 < 0.08B0
Barium (Ba) 0.09 < 1.0
Beryllium (Be) < 0.01 < 0.020
Bismuth (Bi) 0.030 < 2.0 @
Cadmium (Cd) < 0.009 < 0.065 |
Lead (Pb) 0.08 < 0.80
Mercury (Hg) 0.89 < 0.80
Platinum (Pt) < 0.003 < 0.005
Thallium (Thh < 0.001 < 0.002
Thorium (Th) < 0.001 <o0.002 |
Uranium (u) 0.001 < 0.060 R
Nickel (Ni) 0.14 < (.20 |e————
Silver (Ag) 0.05 < (.05 |ee——
Tin (Sn) 0.03 < _0.30 ®
Titanium (Ti) 0.44 T L 1 I e OO,

Total Toxic Representation

ESSENTIAL AND OTHER ELEMENTS

RESULT REFERENCE PERCENTILE
nalg INTERVAL 25" 16" [507] 84" 975"
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
Zinc (Zn) 180 130- 200
Manganese (Mn) 0.10 0.08- 0.50
Chromium (Cr) 0.35 0.40- 0.70

Vanadium (V) 0.018 0.018- 0.065
Molybdenum :

Strontium 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,

__

wild type AT mutant treated

with lithium

..The role of Wnt cquld help explain why, lithium is =~

unaffected mice (left). Lithium treatrnent restored spines in the mutant mice (right)

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

Neurons of mice with than

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 "r X :
bacterial culture" ‘{l A 1
Diabetes and even obesily, as well ] .

as Parkinson's disease, might be /

cured just by replacing the bacteria
in your gut

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

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

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

astonishingly his Parkinson's

symptoms abated. What on earth was going on?

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

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

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

including Parkinson's, multiple sclerosis

(MS), chronic fatigue syndrome (CFS)

and rheumatoid arthritis.
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Objective

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

Methods

We constructed cohorts of all patients in Danmark who underwent vagotomy during 1877-1895 and a matched general population cohort by linking Danish registries. We
used Cox regression 1o compute hazard ratios (HRs) for PD and coresponding 95% confidence intervals (Cls), adjusting for potential confounders.

Results

Risk of PD was decreased in patients who underwent truncal (HR = 0.85; 95% CI = 0.56-1.27; follow-up of >20 years: HR = 0.58; 85% CI: 0.28-1.20) compared to
superselective vagotomy. Risk of PD was also decreased after truncal vagotomy when compared to the general population cohort (overall adjusted HR = 0.85; 95% ClI:
0.63-1.14; follow-up >20 years, adjusted HR = 0.53; 95% CI: 0.28-0.99). In patients who underwent superselective vagotomy, risk of PD was similar to the general
population (HR = 1.09; 95% Ci: 0.84-1.43; follow-up of >20 years: HR = 1.16; 85% Ci: 0.80-1.70). Statistical precision of risk estimales was imited. Results were
consistont after extemnal adjustment for unmeasured confounding by smoking.

interpretation
Full truncal vagotomy is associated with a decreased risk for subsequent PD, suggesling that the vagal nerve may be critically invoived 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 Neurobiclogy, Neurodevelopmental
Disorders Research Center, UNC-Neuroscience Center, University of North Carolina School of
Medicine, Chapel Hill, NC 27599-7545

Swali Banerjee: swali_banerjee@med unc.edu, Manzoor A. Bhat: manzoor_bhat@med.unc edu

Abstract
The blood brain barrier (BBB) evolved to preserve the microenvironment of the highly excitable
neuronal cells to allow for action potential generation and propagation. Intricate molecular A\ N b 1 | 1 | d 1
interactions between two main cell types, the neurons and the glial cells, form the underlying basis eu ro IO Og Ica Iseases
of the critical functioning of the nervous system across species. ln invertebrates, interactions between

neurons and glial cells are central in establishing a functional BBB. However, in vertebrates, the |nVOIV| ng BBB brea kd Own a nd

BBB formation and function is coordinated by interactions between neurons, glial cells, and

endothelial cells, Here we review the neuron-glial interaction—based blood barriers in invertebrates dysfu nctio n i n Cl u d e stro ke
I/

and vertebrates and provide an evolutionary perspective as to how a glial-barrier system in
s H 108 s ks pciocys e hectama dlsiiagaons In i pharcacin trstnees o neoplasia, neurodegeneratve
various neurological disorders. . . ¥
diseases (e.g., Parkinson’s
o AP disease, Alzheimer’s disease),
seplate junctions; tight junctions; endothelial cells: astrocytes; neurovascular unit: Drosophila
epilepsy, infections, or
INTRODUCTION .
inflammatory processes
o ades The S Gt e (U1 i el SOMIG1 ¢ e e [ meningitis, multiple sclerosis

substances that are otherwise readily metabolized without causing hatm to the peripheral organ 7%
system. As a result, it 1s essential that the interface between the CNS and the peripheral (M S) H IV] tra u ma etc
circulatory system functions as a dynamic regulator of ion balance, a facilitator of nutrient ! !

transport, and a barner to potentially harmful molecules (Hawkins & Davis 2005). Thus the

structural aspects of the cerebral microcirculation, historically referred to as the blood-brain

batrier (BBB). perform all these functions.

More than 100 years ago, Paul Ehrlich (1885) observed that certain pharmacologically active
molecules and dyes injected into the bloodstream rapidly diffused into most organs with the
exception of the CNS. composed of brain, spinal cord, and retina, because these were highly
impermeable to most small molecules. Ehrlich proposed that the CNS environment possessed
specialized properties that allow selective entry of only a small fraction of circulating factors.
These and related findings formed the concept of a BBB that functions as a barricade to block
blood-borne materials from entering the CNS microenvironment and also prevents
permeability in the outward direction such that chemicals released from the nerve cells do not
mix with blood (Goldmann 19123). Thus the eoncept of a vascular BBB, which also functions
as a brain-blood barrier, was born (Bradbury 1979). Researchers now accept that several blood-
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Figure 6

Schematic of the neurovascular unit. (2) A cross-section through a brain capillary shows adjacent
endothelial cells connected by TJs that establish the BBB. The endothelial cell layer is surrounded by the
basal lamina that separates the endothelium from the pericytes, astrocytes, and neurons. (b) A
longirudinal section through a portion of a brain capillary reveals the presence of adjacent endothelial
cells connected by T]s. Pericytes are present within the basal lamina in close proximity to the endothelial
cells, whereas astrocytic endfeet are on the outer surface of the basal lamina. Microglia, nerve fibers, and
neuromuscular synapses are found in the perivascular space. Panel b has been modified with permission

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



PATHOBIOLOGY IN FOCUS

Starring roles for astroglia in barrier pathologies
of gut and brain

Tor € Savidge', Michael V Sofroniew? and Michel Neunlist*™**

The gastrointestinal tract is a highly innervated organ and enteric neuropathy is emerging as a central feature of a wide
range of gut diseases. Although most considerations of the enteric nervous system have focused on neuronal dys-
function, a large population of astrocyte-like glia populates gut muscle layers and the intestinal mucosa, and mounting
new evidence points toward enteric glia as active participants in gut pathology. Similarly, in the central nervous system
increasing evidence suggests that dysfunctions of astrocytes play central roles in disease mechanisms, On the basis of the
premise that gut-brain disease paradigms may exist, we explore the possibility that enteric glia constitute a previously
unrecognized disease target in pathologies associated with intestinal barrier dysfunction, notably inflammatory bowel

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

infection of the gut.

Labovatory fnvestigation (2007) BZ, 731-735; dol10,1038Mabinvest. 3700600; published online 2 July 2007

KEYWORDS: blood-brain barmier; astrocyte; enteric glia; intestinal permeability; inflammatory bowel disease; 5-nitrosothiol

THE ENTERIC NERVOUS SYSTEM AND ITS KNOWN
DISEASES

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

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

af California Los Angeles. Schoal of Medicine, Los Ange
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focused on characterizing altered neuropeptide expression
patterns and the involvement of enteric neurons' {Table 1).
Scarce, but increasing data suggest that enteric glia are also
major players in gur disease. Indeed, the main histopatho-
lagic observations made by the group of Bassotti er al® have
demonstrated that motor disorders of the gut, such as slow
transit constipation, diverticular disease and idiopathic
megacolon, are associaled with enteric glial abnormalities.
Reinforcing these observations are i vive animal experi-
ments in which alterations of ghal cell function result in re-
duced intestinal motility and a slowing of gastric emptying.*”

Increasing evidence also suggests that enteric glia play a
major role in gut pathologies associated with barrier dys-
function. Alterations in intestinal permeability are observed
in a wide range of diseases ranging from high-grade in
flammatory pathologies such as inflammatory bowel disease,
celiac disease and enteric infection, to low-grade in-
flammatory diseases such as irritable bowel syndrome and
diabetes, Indeed, all of these diseases present an increase in
intestinal permeability that may be regarded as a contributing
event in the onset of pathology. Therefore, regulation of in-
testinal barrier function by its microenvironment, and in

stroenterclogy & Hepatolegy, Division of Interral Medicine, The University af Texas Medical Branch, Galveston, TX, USA; "Department of Neuro
es, CA, USA; “INSERM, U539, Nantes, France; *Université de Mantes, Faculté de Médecine,
f, Mantes, France

™

“Increased barrier dysfunction
is associated with a disruption
of tight junction associated
proteins expressed by BBB
and IEC and is likely regulated
by astroglial cell disruption,
for example, by autoimmune
reactions or neurotrophic virus
infection.”
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Figure 2 Gut-brain disease paradigm. Schematic illustration of astroglial regulation of barrier function in gut and CNS disease states, CNS morphology and
pathology following disruption of blood-brain barrier (BEB) function are shown on the left. Gut morphology and pathology following disruption of
intestinal epithelial cell (IEC) barrier function are shown on the right. Barrier dysfunction in both tissues is associated with an influx of
polymarpholeukocoytes, which contribute to disease activity. Increased barrier dysfunction is associated with a disruption of tight junction assodiated
proteins expressed by BBB and IEC and is likely regulated by astroglial cell disruption, for example, by autoimmune 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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A review of the clinical utility of serum S100B protein levels
in the assessment of traumatic brain injury
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Abstract

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

Results S1008 has successfully been implemented in the clin-
ic regionally (1) to sereen mild TBI patients evaluating the
need to perform a head computerized tomography, (2) to pre-
dict outcome in moderate-to-severe TBI patients, (3) to detect
secondary injury development in brain-injured patients and
(4) to evaluate treatment efficacy. The potential oppontunitics
and pitfalls of S100B in the different areas usually refer to its

Eric Peter Thelin
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specificity and sensitivity to detect and assess intracranial
injury.

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

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

Introduction

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

TBIis a complex disease and may change symptomatology
over time [102]; it is heterogenic in nature and may contain a
plethora of different hemorrhagic and non-hemorthagic in-

jures, both inside and outside the brain parenchyma. At ad-

mission to the hospital, the physicians often rely solely on a
neurolegical examination and a computerized tomography
(C'T) scan, as other more advanced radiological options are
unavailable in the acute care setting and monitonng tools are
available only in specialized neuro-intensive care units
(NICUs), Consequently, the assessment methods are often
limited, and better surrogate markers of brain injury have heen
sought to help the treating clinician. In many fields of medi-
cing, biological markers (“biomarkers™) of injury have been
introduced. A biomarker s defined as A charactenstic 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

ranial contnbution

Cerebral contribution

0-2h 12-48h

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

48h up to 2-3 weeks e
gamma function, as suggested by Ercole et al. 2016 (black line), it will
initially be “masked™ by these extracranial contributions. Our black line
illustrates an “‘uneventful” release of S100B in a patient suffering from
severe TBI; however, patients may suffer from subsequent injuries
resulting in “secondary peaks”™ of S100B (dashed. gray line)
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Patient monitored with serial S100B sampling
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Fig. 2 S100B monitoring of a TBI patient, The patient was monitored (bar), there is a secondary peak of S100B that correlates to the
with subsequent sampling of S100B (twice per day, y-axis pg/l of S100B development of a nght temporal infarction as seen on computerized
and x-axis days after trauma) illustrating an initial decline the first days tomography (armws)

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

ANTIGEN ASSOCIATED WITH TABLE REFERENCES

Myelin Basic Protein « Demyelinating Diseases Ponomarenko et al. PNAS, 2006; 103(2):281-286.
« Autism Berger et al. N Engl J Med, 2003; 349:139-145.

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

= Guillain Barré Syndrome
« PANDAS / ANDAS / OCD

= Demyelinating Diseases

a + B Tubulin ' Kirvan et dl. J Immunol, 2007; 178:7412-7421,

« Early Onset Type 1 Diabetes Rousset et al, Clin Exp Immunol, 1983; 52:325-332.
| = Thyroid Disorders Rousset et al, Diabetologia, 1984; 27:427-432.
Cerebellar » Celiac Disease Voijdani et al. Nutr Neurosci, 2004; 7(3):151-161,
« Gluten Ataxia Balegno et al Anticancer Res, 2005; 25:3211-3214.
Paraneoplastic Cerebellar Blaes et al. Ann Neurol, 2005; 58:313-317.

Degeneration Syndrome

Synapsin # Inhibited Neurotransmitter Release | Gitlits et al. J invest Med, 2001: 49{3):276-283.
« Demyelinating Diseases Bustos et al. J Cell 5ci, 2001; 114:3695-3704,
Bitsch et al. / Neurol, 2004: 251:1498-1501.

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

¢ |gM antibodies are the preferred biomarker for some neurological disorders:

multi-focal motor neuropathy
|l_'r'|. 2 mc neuron i :

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

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

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

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

o Streptococcal protein” *

e Myelin Oligodendrocyte Glycoprotein
o Milk butyrophilin®’

e Synapsin
o Gliadin™'

e Tubulin

o Streptococcal protein”



Array 7X - Neurological Autoimmune Reactivity Screen -
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

REFERENCE
(ELISA Index)

0.6-1.7

Synapsin IgM

0.0-1.3
0.6-1.6
0.1-14
0.0-2.7
0.0-1.3
04-1.5
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 Center for Neurolopic Research and Departments of Neurobiology and Anatomy, and Neurosurgery, The University of Texas Medical
School, Houston, Texas 77225

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

ology of a number of CNS diseases and injuries, Using a rodent model of brain injury, the present study examines the pathophysiology of

BRB disruption. Western blot and immunohistochemical analyses indicate that brain injury causes a loss of capillary endothelial cells and
tight junction proteins, two crtical components of the BBB. Activation of the transcription factor NF-E2-related factor-2 (Nef2) by
sulforaphane, a naturally occurring compound present in high levels in cruciferous vegetables, significantly increased the expres-
sion of endogenous cytoprotective genes in brain tissue and microvessels as indicated by real-time PCR analysis. Postinjury
administration of sulforaphane reduced the loss of endothelial cell markers and tight junction proteins and preserved BBB
function, These protective effects were dependent on the activity of Nrf2. Injured rats pretreated with decoy eligonucleotides
containing the binding site of Nrf2, and mice lacking the nrf2 gene, did not benefit from sulforaphane administration. These
findings indicate a potential therapeutic usefulness for Nrf2-activating molecules 1o improve the function of the neurovascular

unit after injury.

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

Introduction

The blood—brain barrier (BBB) is critical for the maintenance of
|
tributes to the pathological changes associated with a number of
neurological diseases, brain tumors, and CNS mjury (Petty and
L, 2002; DeWitt and Prough, 20053; Oby and Jamigro, 2006, Loss
of BEB integrity not only disrupts the function of the neurovas-
cular unit (an assembly of brain capillaries, extracellular matrix
of the basal lamina, neurons, astrocytes, oligodendrocyt
pericytes) but also initiates secondary pathological proc
cluding infiltration of inflammatory cells and circula
Cerebral edema, resulting in part from the accumulation of cir
culating fluid, causes increased intracra pressure leading to
decreased cerebral blood flow, tissue herniation, and poor out-
come (Fishman, 19753).

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

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

The transcription factor Nrf2 (nuclear factor E2-related factor
2] binds to the antioxidant/electrophilic response element (ARE/
Ep and regulates the expression of multiple eytoprotective
proteins, including antioxidant and glutathione generating en-
zymes (Thimmulappa et al., 2002; Lee etal,, 2003 Hu etal., 2004,
2006). Nrf2 is a rapidly turned-over protein that is normally se-
questered i the cytoplasm via an interaction with the actin-
binding protein Keapl (Kelch-like ECH associated protein 1),
Recent studies have demonstrated that Keapl acts as a substrate
adaptor protein for Cul-3 (cullin-3}-dependent ubiquitination of
Nri2, which leads to rapid Nrf2 degradation by the proteosome
system (McMahon et al., 2003; Zhang et al., 2004; Kobayashi and
Yamamoto, 2006), Cellular stressors reduce the proteosomal
degradation of Nrf2, resulting in its nuclear accumulation and
increased expression of Nef2-driven genes (Fi et al,, 2003; Zhang
and Hanmnink, 2003). In the present study, we demonstrate that
systemic administration of sulforaphane, an isothiocyanate
abundant in cruciferous vegetables (e.g., broceoli) but not en

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

Chen X, Ghribi O, Geiger JD.

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

Abstract

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



Never
Underestimate the




Bested et ol Guet Pathagens 2011, 5:5
hepd/wew.guipsthogens omiomnent/S1/5

Intestinal microbiota, probiotics and mental
health: from Metchnikoff to modern advances:
Part | — autointoxication revisited

Alison C Bested”, Alan C Lagan™ and Eva M Selhub’

E"{;;.;!. Gut Pathogens

REVIEW Open Access

Abstract

Menta health dsorders, depression in particular, have been described & a global epidemic. Research suggests that
a vanety of ifestyle and environmental changes may be driving at least some portion of the increased prevaence
One area of fourshing research involves the relatiorship between the intestinal microbiota fas well as the related
functiona integrity of the gastrointestina tracl) and menta health. In order to appreciate the recent xtientific gains
in this area, and its potential future directions, it & critical to review the history of the topic Probiotic administration
{eg. Lactobacillug and fecal micobicta transfer for conditions associated with depression and anxiety & not 2 new

Lipopolysaccharide endotoxin, Diet, intestina permeabil ity

concept. Here, in the first of a 3-part series we begin by reviewing the origins of the contemporary research,
providing a critical apprasal of what has become a revisionist history of the controversial term ‘autointoxication
Vie argue that legitimate interests in the gut-brain-mictobiota connection were obscured for decades by its
asodation with a narmow historical legacy. Higorical perspectives provide a very meaningful context to the current
state of the contemporary research as outlined in parts Il and liL

Keywords: intestinal microbiota, Autointoxication, Depression, Anxiety, Probiotics, Migobial ecology,

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

One area of flourshing research involves the neuro-
psvchological consequences of alterations to gut micro-
biota (formerly referred to as “flora™ or *microflora®) in

* Comespondence xindge®: fmong
CAMMR, 775 Bithedbie Awenue, Sute 36k, MIEL Valoy CA 9491, LEA
Ful Enof arhor niomnaion is avalabie 31 the end of the Frade

conjunction with modern stressors, and an urbanized,
Western lifestyle [4). Almost a decade has passed since
members of our group broke a 70-year-old sclentific
uboo by constructing a framework indicating that
probiotics might play a beneficial role in conditions of
human fatigue and depressive disorders [56]. Broadly
speaking, ours was certainly not a new theory; it was, ra-
ther, a scientifically refined revival of seea assertions
that had been made a century prior. At our time of re-
vival in the early 20005, the contention that the intes-
tinal microbiota and the micobial-influenced integrity
of the intestinal lining are of relevance to mental health
disorders was, if it were (0 be suggested at all a notion
of nostalgia Suggesting that intentional microbial ma-
nipulation could positively influence mental health, at
least within sclentific writing, was inevitably linked to
the early 20™ century, to a time when some within
medicine had veered off a mational course in a relatively
short-lived obsession with so-called ‘autointoxication’
and ‘intestinal toxemia’ [7-11]. During this period the
colon was viewed as the central road to a imitless 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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MARSHALL AND THOMPBON .

COLON IRRIGATION IN THE TREATMENT OF
MENTAIL DISEASE*

BY MAROLD X. MAREHALL, M.D.! AND CHARLES RB. THOMPSON, ..}

surgical problems.

The first use of the enema dates be
carliest days of our civilization, but
irrigation as practisad today = of rees
The literature on this subject previot
artiele by Mills and Bind* (1919) is

'ﬂaamtbnullmtiuhth henefic

dm' o s in the intestines,
in

i T iR LR Metion,

Nodkin® (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 teehmique. Schellberg*
(1923) writes comprehensively of the techmique
of performing the procedure. PBlackman®
(1925) insists that the eolon becomes engorged
by neglect and emphasizes the necessity of keep-
ing it clean by the use of irrigation. Shaine’

1926) eoncludes that many ients with
Moonlﬁ i mnliludwthmd

colonie when medical treatment has
failed. and Fineman® (1927) note ben.
efieial ts% in arthritis, and publish a series

of roentgenograms of colons illustrating thei:
views, They eredit Dr. Lockwood of New York

hysician to nse this rm—
eodnre. Rendall* (1929) notes that colon irri-

ﬁ"ﬁ’:‘# were gl*omd on &dst:.% ?ﬁm’*
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that 36 toxie substances;

people ean endure oalon stasis
detoxieating effeet of the liver. He quotes Wi
dal, Abrami and Ianecovesco™ to prove that bkod
in the portal vein is not detaxicated and whe
the portal vein in animals is anastomosed inte
the inferior vena cava so that this blood enmlers
the gemeral circulation hemoelastic shoek results
every time following feeding. Jameson, thee
fore, believes that the liver is a buffer and that
the detoxieating effest of this organ is sufficient
to prevent the entrance of deleterious disinte
grating produets of eolonie putrefaction into the
general eireulation. He concludes that eslm
irrigation is of value in mental and nerws
states, certain forms of chronie nephritis and O~
forming discases of the joints. Morse'® (1930
writes of the benefits to be derived from this
practise and of the technique and to Dr. Mors
we are much indebted for his advice 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 symptoms commonly reported by individuals diagnosed

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

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

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

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

Microbial translocation, Beta-diversity

Background

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

* Comespondence: mehSBcomellecu

'Depantment of Maleculsl Balogy and Genetics, Cornell Univernty, RNaca,
NY, LSA

Full g2 of author infiormation is avalable at the end of the article

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

The prevalence of bowel symptoms has led to attempts
to treat the disease by probiotic oral or rectal supplements.
Borody et al. [8] reported improvements in a majority of
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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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Fig. 4 Composition of the gut microbiome of healthy individuals and ME/CFS patients. Relative abundance of phylum-level (a) and family-level
(b) gut microbial taxa

71



Neurobiol Aging. 2009 Sep;30(9):1350-60. Epub 2007 Dec 21.

APOE genotype-specific differences in the innate immune response.

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

Abstract

Apolipoprotein-E protein is an endogenous immunomodulatory agent that affects both the innate and the adaptive
immune responses. Since individuals with the APOE4 gene demonstrate worsened pathology and poorer outcomes in
many neurological disorders, we examined isoform-specific differences in the response of microglia, the primary cellular
component of the brain's innate immune response, in detail. Our data demonstrate that microglia derived from APOE4/4
targeted replacement mice demonstrate a pro-inflammatory phenotype that includes altered cell morphology, increased
NO production associated with increased NOS2 mRNA levels, and higher pro-inflammatory cytokine production
(TNFalpha, IL-6, IL12p40) compared to microglia derived from APOEZ3/3 targeted replacement mice. The effect is gene
dose-dependent and increases with the number of APOE4 gene alleles. The APOE genotype-specific immune profile
observed in the microglial immune response is also observed in the cortex of aged APOE3/3 and APOE4/4 mice treated
with lipopolysacchride (LPS) and in peripheral (peritoneal) macrophages. To determine if APOE4's action resulted from
an isoform-specific difference in effective levels of the apolipoproteins, we generated mice expressing only a single allele
of APOES. Immune-stimulated macrophages from APOE3/0 mice demonstrated an increased inflammatory response
compared to APOE3/3 mice, but less than in APOE4/4 mice. These data suggest that inhibition of inflammation depends
upon the dose of apoE3 protein available and that apoE4 protein may alter inflammation partly by dose effects and partly
by being qualitatively different than apoE3. Overall, these data emphasize the important role of apolipoprotein E and of
the APOE genotype on the immune responses that are evident in most, if not all, neurological disease.



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

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

Abstract

Chronic spirochetal infection can cause slowly progressive dementia, cortical atrophy and amyloid deposition in the
atrophic form of general paresis. There is a significant association between Alzheimer disease (AD) and various types of
spirochete (including the periodontal pathogen Treponemas and Borrelia burgdorferi), and other pathogens such as
Chlamydophyla pneumoniae and herpes simplex virus type-1 (HSV-1). Exposure of mammalian neuronal and glial cells
and organotypic cultures to spirochetes reproduces the biological and pathological hallmarks of AD. Senile-plaque-like
beta amyloid (AB) deposits are also observed in mice following inhalation of C. pneumoniae in vivo, and 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. AB 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 association between certain bacterial
strains and Alzheimer's disease (AD), but their functional dynamics remain elusive. Objective:To
investigate the association between amyloid pathology, bacterial products such as
lipopolysaccharide (LPS) and short chain fatty acids (SCFAs: acetate, valerate, butyrate),
inflammatory mediators, and markers of endothelial dysfunction in AD. Methods:Eighty-nine
older persons with cognitive performance from normal to dementia underwent florbetapir
amyloid PET and blood collection. Brain amyloidosis was measured with standardized uptake
value ratio versus cerebellum. Blood levels of LPS were measured by ELISA, SCFAs by mass
spectrometry, cytokines by using real-time PCR, and biomarkers of endothelial dysfunction by
flow cytometry. We investigated the association between the variables listed above with
Spearman’s rank test. Results:Amyloid SUVR uptake was positively associated with blood LPS
(rhoz0.32, p=0.006), acetate and valerate (rho20.45, p<0.001), pro-inflammatory cytokines
(rhoz0,25, p£0.012), and biomarkers of endothelial dysfunction (rho20.25, p£0.042). In contrast,
it was negatively correlated with butyrate (rho$-0.42, p£0.020) and the anti-inflammatory
cytokine IL10 (rhos-0.26, p£0.009). Endothelial dysfunction was positively associated with pro-
inflammatory cytokines, acetate and valerate (rho20.25, p<0.045) and negatively with butyrate
and IL10 levels (rho£-0.25, p£0.038). Conclusion:We report a novel association between gut
microbiota-related products and systemic inflammation with brain amyloidosis via endothelial
dysfunction, suggesting that SCFAs and LPS represent candidate pathophysiologic links
between the gut microbiota and AD pathology.

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

Mozomi Okamato', Masayuki Morikawa™, Kensuke Okamoto™, Noboru Habu', Junko wamote®, Kimike Tomicka',
Keigo Saeki', Motokazu Yanagi”, Nobuko Amano’, Norio Kurumatani'

Abstract

Background: This cross-sectional study investigated the relationship between the number of remaining teeth 1o
mild memory impairment (MMI), which is a preclinical stage of dementia, and to cognitive impairment.

Methods: The subjects were aged 65 years or older and were grouped according to their score for the Mini-
Mental State Examination (MMSE], the three-word delayed recall test in the MMSE, and the Gerlatric Depression
Scale into the control group (n = 3,698}, the MMI group (n = 121), and the low MMSE score (23 or lower) graup
{n = 214}, We collected data on the number of remaining teeth, the length of the edentulous period, health-
related lifestyle, medical history, blood pressure, height, and body weight. Fasting venous blood samples wers also
obtained.

Results: Multiple |ogistic regression analysis, adjusted for depressive symptoms, age, sex, length of education, and
ather explanatory vanables, revealed that the odds ratios of 0-10 rermaining teeth to 22-32 remaining teeth were
1679 (95% C| 1.073-2627) far MMI and 2177 (9% CI 1.510-3.140) for a low MMSE score. A significant relationship
was also found between the length of the edentulous period and the risk of a low MMSE score (odds ratio 3.102,
05% CI 1432-6.720) (15 years or more/less than 15 years).

Conclusions: Our findings suggest that tocth loss Is assaciated with cognitlve functicn,

Background

Tooth loss, one of the indicators of periodontal disease
[1,2], has been reported to be associated with Alzhei-
mer's disease (AD) and dementia [3,4]. Individuals with
clinical dementia have an increased deterioration of
their dental health [5], and tooth loss may induce nutri-
tional deficits [6]. Reductions in the number of pyrami-
dal cells [7] and acetylcholine levels [8] in the
hippocampus due to the decrease of masticatory func-
tion caused by molar loss have been found in animal
models. Furthermore, it has been hypothesized [9] that
periodontal disease-derived inflammatory malecules,
bacteria, and bacterial products enhance brain inflam-
mation [10,11].
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Amaong individuals with mild memory impairment
(MMI), 21.2% progressed to illnesses with dementia,
including AD (10.6%), vascular dementia (4.8%), or
other types of dementia (5.8%), over a period of 5 years
[12]; therefore, they represent a high-risk population for
dementia. MMI was defined as [13]: (1) no impairment
of the activities of daily living (ADL}); (2} normal general
cognitive function, as determined by a Mini-Mental
State Examination (MMSE) score = 24 [14]; (3) objective
memory impairment, assessed by the MMSE three-word
delayed recall test (Recall test) (low score: 1 or 0); and
(#) absence ol dementia or depression, diagnosed by
geriatric neuropsychiatrists according to the Diagnostic
and Statistical Manual of Mental Disorders, 3™ edn.,
revised (DSM-11T R) eriteria [15].

We hypothesized that tooth loss may also be asso-
ciated with the preclinical stage of AD and dementia,
To investigate our hypothesis in a community-based
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TNF-a and antibodies to periodontal bacteria discriminate
between Alzheimer’s disease patients and normal subjects
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Mony J. de Leond €
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Abstract
The associations of inflammation/immune responses with clinical presentations of Alzheimer’s
disease (AD) remain unclear. We hypothesized that TNF-o and elevated antibodies to periodontal
bacteria would be greater in AD compared to normal controls (NL) and their combination would aid
clinical diagnosis of AD. Plasma TNF-u and antibodies against periodontal bacteria were elevated
in AD patients compared with NL and independently associated with AD. The number of positive
1gG to periodontal bacteria incremented the TNF-a classification of clinical AD and NL, This study
shows that TNF-a and clevated numbers of antibodies against periodontal bacteria associate with
AD and contribute to the AD diagnosis.

Keywords

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

1. Introduction

Alzheimer's disease (AD) is a neurodegenerative disease afllicting the elderly. In the United
States, 4.5 million people have been diagnosed with AD and this number will undoubtedly
inerease as the population ages and the life-span increases. The specific factors involved in the
ctiology 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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“these results may provide insight into
the basic pathophysiologic mechanisms

Abstract

Background: Recent clinical studies point to rapid and sustained clinical, cognitive, and behavioral
improvement in both Alzheimer’s disease and primary progressive aphasia following weekly
perispinal administration of etanercept, a TNF-alpha inhibitor that acts by blocking the binding of
this cytokine to its receptors. This outcome is concordant with recent basic science studies
suggesting that TNF-alpha functions in vivo as a gliotransmitter that regulates synaptic function in
the brain. WWe hypothesized that perispinal etanercept had the potential to improve verbal function
in Alzheimer's disease, so we included several standarized measures of verbal ability to evaluate
language skills in a clinical trial of perispinal etanercept for Alzheimer's disease.

Methods: This was a prospective, single-center, open-label, pilot study, in which |2 patients with
mild-to-severe Alzheimer's disease were administered etanercept, 25-50 mg, weekly by perispinal
administration for six manths. Two additional case studies are presented.

Results: Two-tiled, paired t-tests were conducted comparing baseline performance to é-month
performance on all neuropsychological measures, Test batteries included the California Verbal
Learning Test-Second Edition, Adult Version; Logical Memaory | and I{VWMS5-LM-Il) from the
Wechsler Memory Scale-Abbreviated; the Comprehensive Trail Making Test (TMT): Boston
Maming Test; and letter(FAS) and category verbal fluency. All measures revealed a significant effect
except for the Boston Maming Test and the TMT-4, with VWWMS-LM-Il being marginally significant at
p = .05. The FAS test for letter fluency was most highly significant with a p < 0.0007. In addition,
rapid improvement in verbal fluency and aphasia in two patients with dementia, beginning minutes
after perispinal etanercept administration, is documented.

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

underlying Alzheimer's disease and
related forms of dementia, and suggest
the existence of novel, rapidly reversible,
TNF-mediated pathophysiologic
mechanisms in Alzheimer's disease which
are worthy of further investigation.”
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COMPARISON OF RESULTS

Previous Test
Specimen#: 5033032170
Accession#: 201807-12481
Specimen: Oral Rinse(P)
Collected: 05/17/2018

Sample, Report

Date Of Birth: 09/20/1980 (37 yrs)
Gender: Female

Patient Id: 789

Patient Location: Test Location A

} OrRALDNA LaBs

('\ Innovations in Salivary Diagnostics

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

COMPARISON OF TEST RESULTS

My PerioPath - Previous Result

High Risk Pathogens

10° 10°

Moderate Risk Pathogens

Low Risk Pathogens

MyPerioPath - Current Result
High Risk Pathogens

Summary of Results

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

* Congratulations, since the last test submitted 2 months 6
days ago, the clinical management of this patient has
achieved a 46% reduction in periodontal pathogen
(burden) load.

* The results show a reduction of the red (. Kl ﬂ) .
orange cﬂ, Bl ﬂ) and green {u, E) complex
pathogens.

* These current results are likely associated with a decrease in both oral and
systemic inflammation. Consequences of high pathogenic bacteria present for
years and decades add significantly to the risk of life threatening diseases beyond
the mouth.

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

Reduction

A follow-up test is recommended to monitor the effectiveness of current treatments an

Previous Current

Ciinical Camparison 05/17/2018|07/23/2018

Total # Bacteria Present 8 7

Total # Bacteria Above Threshold 6 0

Deepest Pocket 5 5

Localized Infection O O
Generalized Infection
Inflammation/Redness D
Bleeding on Probing O )
Bone Loss G [:]
Discharge D D
Halitosis/Malodor O O

d to determine the type and frequency of future care.
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Clinical Considerations

Reason for Testing Medical Histo

] Not Provided Not Provided ] Periodontal Classification: Not Provided Not Provided

¢ ToothNumbers | | | | | | |

Pocket Depths(mm) | | | | | | |

Systemic Effects of Oral Pathogens
Treponema denticola E’ Eubacterium nodatum
Prevotella intermedia |-.. { ' Campylobacter rectus
Aggregatibacter actinomycetemcomitans = | - Tannerella forsythia
| e

Capnocytophaga

@ |P' 'i Peptostreptococcus

Eikenella corrodens

Fusobacterium nucleatum/periodontium Porphyromonas gingivalis
Joint and Dementia and
Cancer Cardiovascular Health  Musculoskeletal Brain Health Metabolic Health Healthy Pregnancy
Health
Chronic gum disease, Select bacteria such as The periodantal Recent Obesity, lack of exercise  Bacteria associated
involving BREEE DR EOR Bz bvacterial el  medical and chronic gum with gum disease,
& [ is a risk factor for the  can leak from blood are a cause of studies pointto  disease involving the especially B, B &,
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 levelsof  inflammation. pregnancy at risk lor
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, BEain damage the pancreas decreased birth weight
Additionally, untreated inflammation in arteries, combined with our gums, where insulin is and even blood
gum disease is a cause of and if occluded, causea  changesin a person's increasing the  produced, possibly infection in the
ongoing inflammation, heart attack. A goal of immunity, may result  risk of leading to diabetes. placenta or newbom.
which may promote the treatment is to minimize in chranic joint developing Also, diabetes worsens Every pregnant
advancing growth of the levels of these diseases like dementias oral health by increasing woman should be
tumors. bacteria as much and as  rheumatoid arthritis. such as the level of harmful tested for these
long as possible. Alzheimer's. bacteria in the gums. harmful bacteria.

Methodology: Genomic DNA is extracted from the submitted sample and tested for 10 species-specific bacteria [Aa: Aggregalibadler acinomycetemcomitans, Pg: Porphyromonas
ginghvalis, Tt: Tannerella forsythia, Td: Treponema denticola, En: Eubacterium nodatum, Fn: Fusobacerium nudealum/periodontium, Pi: Prevatalla intermedia, Cr: Campylobactar mecius,
Pm: Peplostreptococcus (Micromonas) micros, Ec: Eikenella corrodens] and 1 genus of bacteria [Cs: Capnocytophaga species (gingavalis, ochracea, spuigena)] known lo cause
periodontal disease. The bacteria are assayed by real-time quantitative polymerase chain reaction (QPCR). Badterial levels are reported in log 10 copies per mL of sample {e.g. 1x1043 =
1000 bacteria copies per mL of collection). Cross-reactivity is possible with Leptotrichia buccalis, Fusobacterium hwasooki, Capnocytophaga granulosa and Capnocytophaga leadbettori
This test was developed, and its performance characteristics determined by OralDNA Labs pursuant to CLIA requirements. This test has not been cleared or approved by the U.S. Food
and Drug Administration. The FDA has determined that such clearance or approval is nol necessary
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Parphyramonas 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 pathelogy. Oral P. gingivalis infection in mice resulted in
brain colonization and increased production of Afly_4y, 8 component of amyloid plagues. Further, gingipains were
neurotoxic in vivo and in vitro, exerting detrimental effects on tau, a protein needed for normal neuronal func-
tion. To block this neurotoxicity, we designed and synthesized small-molecule inhibitors targeting gingipains.
Gingipain inhibition reduced the bacterial load of an established P. gingivalis brain infection, blocked Ap,_s; pro-
duction, reduced neuroinflammation, and rescued neurons in the hippecampus. These data suggest that gin-
gipain inhibitors could be valuable for treating P. gingivalis brain colonization and neurodegeneration in

Alzheimer's disease.

INTRODUCTION

Alzheimer's disease (AD) patients exhibit neurcinflammation con-
sistent with infection, including microglial activation, inflammasome
activation, complement activation, and altered cytokine profiles
{1, 2), Infectious agents have been found in the brain and postulated
to be involved with AD, but rabust evidence of causation has not
been established (3). The recent characterization of amyloid-fi (Af)
as an antimicrohial F\l:pt'[dl: has renewed interest in idcnt]ﬁ-‘ing a
possible infectious cause of AD (4-6).

Chronic periodontitis (CP) and infection with Porphyromenas
gingivalis—a keystone pathogen in the development of CP (7)
have been identified as significant risk factors for developing A
plaques, dementia, and AD (8-12). A prospective observational
study of AD patients with active CP reported a notable decline in
cognition (Alzheimer's Disease Assessment Scale—Cognitive and
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Mini Mental State Examination scales) over a 6-month period com-
pared to AD patients without active CP, raising questions about
possible mechanisms underlying these findings (13). In Apoe" mice,
oral infection with P. gingivalis, but not with two other oral bacteria,
results in brain infection and activation of the complement pathway
(14). In transgenic mice overexpressing mutated human amyloid
precursor protein (hRAPP-120), oral infection with P, gingivalis
irnp;lir.\ cnp’uitivc function, increases the L{r,'puei'itum of AD-like
plaques, and results in alveolar bone loss compared to control
hAPP-)20 mice (15). P. gingivalis lipopolysaccharide has been detected
in human AD brains { [6), promoting the hypothesis that P. gingivalis
infection of the brain plays a role in AD pathogenesis {17).

P, gingivalis is mainly found during gingival and periodontal in-
fections; however, it can also be found at low levels in 25% of healthy
individuals with no oral disease ( 18). Transient bacteremia of P, gingivalis
can occur during common activities such as brushing, flossing, and
chewing, as well as during dental procedures (19), resulting in docu-
mented translocation to a variety of Lissues |n1:|uding COrOnary ar-
teries (20), placenta (21), and liver (22), A recent study found that
100% of P;llil:lll:\ with cardiovascular disease had P. xi}rgr'vuﬁi arte-
rial colonization (23).

P. gingivalis is an asaccharolytic Gram-negative anaerobic bacte-
rium that produces major virulence factors known as gingipains,
which are cysteine proteases consisting of lysine-gingipain (Kgp),
arginine-gingipain A (RgpA), and arginine-gingipain B (RgpB).
Gingipains are secreted, transported to outer bacterial membrane
surfaces, and partially released into the extracellular milieu in solu-
ble and outer membrane vesicle (OMV )-associated forms (24, 25),
Kgp and RgpAJB are essential for P. ghigivalis survival and pathoge-
nicity, playing eritical roles in host colonization, inactivation of host
defenses, iron and nutrient acquisition, and tissue destruction (24, 26),
Gingipains have been shown to mediate the toxicity of P, gingivalis
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“Porphyromonas gingivalis, the
keystone pathogen in chronic
periodontitis, was identified in the
brain of Alzheimer’s disease
patients. Toxic proteases from the
bacterium called gingipains were
also identified in the brain of
Alzheimer’s patients, and levels
correlated with tau and ubiquitin
pathology.”
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Abstract Aldheimer's disease (AD) s the most common cause of dementia, and it exhibats
pathological properties such as deposition of extracellulsr smylosd | (AR) and sbooemally
phosphorylated Tau m nerve cells and 8 decrease of synapses. Conventionally, drugs rarpet.
ing AP and its related molocules have been developed on the basia of the amyloid cascade
hypothesis, but mificient offects on the disrase have not been obtamed i past chnical trals,
On the other hand, ot has been pointed out that chronse mflameration and mucrobisl infection
in the brain may be mvolved in the pathogenests of AD. Recently, sttention has been focused
on the relationship between the periodontopathec bactenum Posphiomonas ginghoalin
and AD. P gingrvalis and its toxins have been dotectad in sustopsy brain tissues from paticots
with AD. In adds babogical ditions of AD sre formed or cxacerbated mn mice
infected with P gimgivalis. Compounds that target the 1oxine of ' pimgivalis smebaraie the
pathogenesis of AD triggerod by P gimpivalis infoction. These fndings indicate that the
pathological condivon of AD may be regulated by controlling the bactenia m the oral cavaty
aad the bady. In the current aging socicty, the importance of oral and penodontal care for
preventing the onset of AD wall increase

Keywords: Porphylomonas gingivaiis, cognitive decline, amylotd B, blood-beain barmer,
vasular mflamematon

Introduction

Dementia 15 the most frequent Beurclogical disease in the world and i recognueed as
a global public health priority by the World Health Organization. Although varioos
methods for prevention and treatment of dementia have yet beea studied, no effective
method has been establshed. If risk factors for dementia and factors that suppeess its
cnset and progression could be identificd that information could be used effectively, it
might be possible to prevent dementia and extend the healthy life span. Recently, the
associations between dementia and systomic discases have been focused on. The
pathogenesis of Alzheimer's discase (AD), which accounts for the largest number of
cases of dementia, and the relationships of the pathogenesis of AD with periodontins
and perodontitis-related bactena are described in this review.

Alzheimer’s Disease
It is estimated that shour 44 million people worldwide are curremtly suffering from
dementia. Treatment costs 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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P gingivaiis
Toxins (LPS, gingipain)
Inflammatory mediators
(IL-18, TNF.a)  Invasion of bacteria
and its toxins

Qoo )

Figure 1 Ponible mecharisma by which peniodontal desse and P grgrals aggraeste Alshamars dsesse.
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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 | vt | v Jen | #n | #i Jom] s |
Bacterial Risk: HIGH - Ven__r strong evidence of increased risk for attachment loss

'Result Interpretation: Periodontal disease is caused by specific, or groups of specific bacteria.
== = Therapeutic Threshold" | Threshold levels represent the concentration above which patients are generally at increased risk for
DL = Detection Limit ‘attachment loss. Bacterial levels should be considered collectively and in context with clinical signs and
- other risk factors.

High Risk Pathogens

Moderate Risk Pathogens Low Risk Pathogens

107 107 107
(] (5]
1 d —
10° | 10° | — 10°
1 04 104 1 04
AR —L
DL DL DL
B A | B 0 0 8 &8 0 cs |
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.

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

related to increasing pocket depths.

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

combination with other bacteria.

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

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

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

micros
Capnocytophaga species High Some association with PD: Frequently found in gingivitis. Often found in association with other
(g inga valis,ochracea,s puti gena) periodontal pathogens. May increase temporarily following active therapy.
Not Detected: (Aa) Aggregatibacter actinomycetemcomitans, (Cr) Campylobacter rectus, (Ec) Eikenella

corrodens

Additional information is available from QralDNA.com



70 yo female with fronto-temporal dementia

Array 7 - Neurological Autoimmune Reactivity Screen ** INRANGE EQUIVOCAL*  OUT OF REFERENCE
(Normal) RANGE  (ELISA Index)
Myelin Basic Protein | | 1.58 0.1-1.4
Asialoganglioside | 1.76 0.1-1.4
Alpha-Tubulin + Beta-Tubulin 1.13 0.4-1.4
Cerebellar 1.37 0214
Synapsin '_ 1.51 0.1-1.2
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Infectious causes of multiple sclerosis.
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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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Chiarmydophila preumornae is an intracellular pathogen responsible for a number of different acute and chronic infections. The
recent deepening of knowledge on the biology and the use of increasingly more sensitive and specific molecular techniques has
allowed demonstration of C. parumoniae in a large number of persons suffering from different disenses including cardiovascular
(atherosclerosis and stroke) and central nervous systern (CNS) disorders. Despite this, many important issues remain unanswered
with regand to the role that €. preumoniae may play in initiating atheroma or in the progression of the discase. A growing body of
evidence concerns the involvement of this pathogen in chronic nevrological disorders and particularly in Alzheimer's disease
(AD) and Multiple Sclerosis (MS). Monocytes may traffic C prewmondae across the blood-brain-barrier, shed the organism
in the CNS and induce nevroinflammation. The demonstration of C. preumoniae by histopathological, molecular and culture
techaiques in the late-onsct AD dementia has suggested a selationship between ONS infection with C pricumoniar and the AD
neuropathogenesis. In particular subsets of MS patients, C. parumoniae could induce a chronic persistent brain infection acting
as a cofactor in the development of the disease. The role of Chlamydia in the pathogenesis of mental or neurobehavioral disorders

induding schirophrenia and autism is uncertain and fragmentary and will require fusther confirmation.

1. Introduction and Background

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

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

C. prneumoniae, a common cause of human respiratory
disease, was first isolated from the conjunctiva of a child
in Taiwan in 1965 but it was not until the ecarly 1980s
that it was scientifically identified as a distinct Chlamydia
species and was established as a major respiratory pathogen
in 1983 when it was isolated from the throat of a2 college
student at the University of Washington. Most likely, C.
preumoniae is primarily transmiited from human to human
by the respiratory tract without any animal reservoir (2,
3| and infection spreads slowly. The incubation period is
several weeks, which is longer than that for many other

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

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

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

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

plaques.

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

Abstract

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

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

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

Method: Atypical forms of Borrefio burgdorfen spirochetes were induced exposing cultures of Borrelio
burgdorferi (strains B3l and ADEI) to such unfavorable conditions as osmetic and heat shock, and
exposure to the binding agents Thioflavin § and Congo red. YWe also analyzed whether these forms may
be induced in vitra, fallowing infection of primary chicken and rat neurons, as well az rat and human
astrecytes, We further analyzed whether atypical forms similar to those induced in vitre may also occur in
viva, In brains of three patients with Lyme neuroberreliosis, YWe used immunohistochemical methods to
detect evidence of neurcinflammation in the form of reactive microglia and astrocytes.

Results: Under these conditions we observed atypical cystic, rolled and granular forms of these
spirochetes, We characterized these abnormal forms by histochemical. immunohistochemical, dark field
and atomic force microscopy (AFM) methads, The atypical and cystic forms found in the brains of three
pacients with nevropathelogically confirmed Lyme neurcborreliosis were identical 1o those induced in
vitro. WWe also observed nuclear fragmentation of the infected astrocytes using the TUMNEL method.
Abundant HLA-DR positive microglia and GFAP positive reactive astrocytes were present in the cerebral
corte.

Conclusion: The results indicate that atypical extra- and intracellular pleamarphic and cystic forms of
Borrelig burgdorferi and local neurginflammation occur in the brain in chronic Lyme neuroberreliosis, The
persistence of these mare resistant spirochete forms. and their intracellular lecation in neurons and glial
cells, may explain the long latent stage and persistence of Borrelia infection. The results also suggest thar
Borrelia burgdorfert may induce cellular dysfunction and apoptosis. The detection and recognition of atypical,
cystic and granular forms in infected tissues is essential for the diagnosis and the wreatment as they can
occur in the absence of the typical spiral Borrelia form.
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“In analogy to Treponema

pallidum, Borrelia
burgdorferi can persist in

the brain in Lyme
neuroborreliosis and may

initiate and sustain chronic

inflammation and tissue
damage.”
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Extra- and intracellular
atypical and cystic forms of
spirochetes in the cerebral

cortex of a patient with

pathologically and
serologically confirmed
chronic Lyme
neuroborreliosis where
L Borrelia burgdorferi sensu
L stricto was cultivated from
.* the brain.
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Bacterial Lipoproteins Can Disseminate from the
Periphery to Inflame the Brain
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The current view is that bacteria need to enter the
brain o cause inflammation. However, in mice in-
fected with the spirochete Borrelia taricatae , we ob-
served widespread cercbral inflammation despite a
paucity of spirochetes in the brain parenchyma at
times of high bacteremia. Here we studied the possi-
bility that bacterial lipoproteins may be capable of
disseminating from the periphery across the blood-
brain barrier to inflame the brain. For this we injected
normal and infected mice intraperitoneally with lan-
thanide-labeled wvariable outer membrane lipopro-
teins of B. turicatae and measured their localization
in blood, various peripheral organs, and whole and
capillary-depleted brain protein extracts at various
times. Lanthanide-labeled nonlipidated lipoproteins
of B. turicatae and mouse albumin were used as con-
trols, Brain inflammation was measured by TagMan
RT-PCR amplification of genes known to be up-
regulated in response to borrelial infection. The
results showed that the two lipoproteins we stud-
jed, LVspl and LVsp2, were capable of inflaming
the brain after intraperitoneal injection to different
degrees: LVspl was better than LVsp2 and Btl spi-
rochetes at moving from blood to brain. The dis-
semination of IVspl from the periphery to the brain
occurred under normal conditions and significantly
inereased with infection. In contrast, LVsp2 dissemi-
nated better to peripheral organs. We conclude that some
bacterial lipoproteins can disseminate from the periphery
to inflame the brin,  (Am J Pathol 2000, 176:2848-2857:
DOI: 102353 ajpeth 2000.091 235)

The traditional belief is that bacteria need to cross the blood
brain barrier (BBB) 1o cause brain inflammation. However,
during studies in mice persistently infected with the relaps-
ing fever spirochete Borrelia turicatas, we noticed wide-

2848

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

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

Here we studied whether bacterial lipoproteing are capa-
ble of disseminating to the brain from the periphery. For this
we injected mice intraperitoneally with lipidated outer mem-
brane lipoproteins LVsp1 or LVsp2 of the relapsing fever
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“We conclude that some
bacterial lipoproteins can
disseminate from the
periphery
to inflame the brain.”

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

Yuhai Zhao', Lin Cong'”, Vivian Jaber' and Waiter J. Lukiw"***
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Abundant cinical, epidemicicgical, maging, gensetic, molecular, and pathophysi-
ological data together indicate that there occur an unusual inflammatory reacton
and a disruption of the innate-immuna signaling system in Alzheimers dissase (AD)
brain. Despite many years of intense study, the origin and molecular mechanics of
these AD-relevant pathogenc signals are still not well undarstood. Haere, we provide
awdance that an intansely pro-inflammatory bacterial ipopolysaccharida (LPS), part
aof a complex mixture of pro-inflammatory neurotoxins ariging from abundant Gram-
negative bacili of the human gastrointestinal (Gl) tract. are abundant in AD-affected
brain neccortex and hippocampus. For the first time, we provide evidence that LPS
immunohistochemical signals appear to aggregate in clumps in the paranchyma
in control brains, and in AD, about 75% of anti-LPS signals were clustered around
the periphery of DAPI-stained nuclei. As LPS is an abundant secretory product of
Gram-negative bacilli resident in the human Gl-tract, thase cbservations suggest
() that a major source of pro-inflammatory signals in AD bran may onginate from
ntermally derived noxious exudates of the Gi-tract microbiome; (i) that due o aging,
vascular deficits or degenerative disease these neurctoxic molecules may “leak” into
the systemic circulation, cerebral vasculature, and on into the brain; and (i) that this
internal source of microbiome-derived neurctoxing may play a particularty strong role
n shaping the human immuna system and contributing to neural degeneration, par-
ticularly in the aging CNS. This *Perspecives” paper will further highlight some very
recent develcpmants that impicate Gl-tract microbiome-derived LPS as an important
contributor to inflammatory-neurcdegenaration in tha AD brain.

Marywrd x- w di
mon-coding RNAL

¥ degenerstion, bpopoiynscchards, microtiomas, mecrofiNA, smsll

“As LPS is an abundant secretory
product of Gram-negative bacilli

resident in the human Gl-tract, these
observations suggest (i) that a major
source of pro-inflammatory signals in
AD brain may originate from internally
derived noxious exudates of the Gl-tract

microbiome; (ii) that due to aging,
vascular deficits or degenerative

disease these neurotoxic molecules
may “leak” into the systemic circulation,
cerebral vasculature, and on into the

brain;”
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Alzheimer's disease (AD) is a progres-
sive neurodegenerative disorder and the
leading cause of cognitive and behav-
ioral impairment in industrialized soci-
eties, The cause of AD is unknown and
the major risk factor for AD is age. About
5% of all AD cases have a genetic or famil-
ial cause however the vast majority of all
AD cases (~93%) are of sporadic ori-
gin. Both the familial and the sporadic
forms of A} share a common disease
phenotype invelving at least eight char-
acteristic features im_'lludiﬁg (i} evidence
of uncontrolled oxidative stress; (i) up-
regulated pro-inflammatory signaling; (iit)
changes in innate-immune signaling; (iv)
the progressive accumulation of lesions
including neurofibrillary tangles (NFT)
and ;ll1'|}'|llid beta (AP J-contmning senile
plaques (5P); (v) significant synaptic sig-
naling deficits; (vi) neurite and brain cell
atrophy; (vii) progressively altered gene
expression patterns that are different from
healthy brain aging: and (viii) progressive
cognitive impairment and dementia in the
host. There is currently no cure or ade-
quate clinical treatment for AL, and it
remains unclear how AD originates and
propagates throughout the brain and cen-
tral nervous system (CNS). Results from
recent genome-wide association studies
{GWAS) indicate that a significant portien
of AD-relevant gene signals are not located
within gene coding regions suggesting the
contribution of epigenetic or environ-
mental factors o AD risk. The potential
contribution of pathogenic microbes to
aging and AD is becoming increasingly

Frontiers in Aging Neuroscience

recognized  (Miklossy

Blaser, 2012 Bh

Mi13: A
2014; Huang et al., 20014; Mancuso et al,
2014). Importantly, most of the changes
seen in AL, such as inflammation, brain
cell atrophy, immunological aberrations,
amyloidogenesis, altered gene expression
and cognitive deficits are also seen as a
consequence of microbial infection (Cho

el |

1 Me
2013; Hemmz and & J014; M
{1 This briel communi
will review some recent observations on
the potential contribution of pathogens
to neurological dysfunction, with specific
reference to AD wherever possible.

Firstly, humans contain a complex and
dynamic community of microbes called
the microbiome that forms a “metaor-
ganism” with symbiotic or commensal

benefit to the host (Cho and Blaser, 2012;
Bhattacharjee 1 Lukiw, 2013; Hein
ind Mair, 2014). The microbiome of the

human gastrointestinal (GI) tract con-
tains the largest reservoir of microbes,
containing about 10" microbes from at
least 1000 distinct microbial species, and
outnumbering human host cells by about
100 to 1 (Wl
013}, The GI tract microbiome has been
estimated 1o encode about 4 x 100 genes
s0 the quantity of the microbiome genes
outnumbers host genes by about 150 1o
1 (Bh Lukiw, 2003). Over
99% of GI tract microbiota are anaerobic

ct al., 1998; Kim ¢t al.,

www frontiersin.org

bacteria, with fungi, protozoa, archaebac-
teria and other microorganisms making
up the remainder; interestingly only two
bacterial divisions are prominent in Gl
tract microbiota, including  Firmicutes
(~51%) and Bacteroideres (~48%), with
the remaining 1% of phylotypes dis-
tributed amongst the Cyanobacteria,
Fusobacteria, Proteobacieria, Spirochactes,
and Verrucomicrobia, with various species
of fungi, protozoa, viruses and other
microerganisms making up the remainder
[|1llp:,n',n'h'w\.\'.gcnm‘m:.gm'l’pagum'n::ic.'ch|1|"
sequencing/seqproposals/hgmiseq.pdf).

OF all human Gl tract microbiota, bacte-
rial densities of up to 10" per ml are the
highest recorded density in any known
microbial ecosystem  (Whitman et al

et al., 2003} Imterestingly, the microor
ganisms making up the smallest 1% of
the microbiome have a disproportion-
ately large effect on disease, and it is a
major function of the healthy GI tract
microbiome to keep under control the
proliferation of any potentially pathogenic
microbes contained within (1ornig, 2013
Kim et al, 2013 He

poaned Mair, 20145

s below).

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

June 2014 | Volume & | Article 127 | 1

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

(2) HSV-1 is associated with AD neurodegeneration

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

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

brain barrier permeability



J Alzheimers Dis. 2014 Aug 13. [Epub ahead of print]
Direct Visualization of Fungal Infection in Brains from Patients with Alzheimer's Disease.

+ Author information

Abstract

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

Antigens Tested (IgG)

* Porphyromonas .

gingivalis
+ Streptococcus mutans
* Helicobacter pylori
* Campylobacter jejuni
* Yersinia enterocolitica
* Clostridium difficile

2 mL Serum * Candida albicans

* Rotavirus
* Entamoeba histolytica
* Giardia lamblia

CLINICAL USE: RECOMMENDED FOR PATIENTS WHO:

- Detect immune reaction to key pathogens that may

lead to multiple autoimmune reactivities.

- Determine the role of pathogens in cases of
‘unexplained’ autoimmune reactivities.

» Monitor the effectiveness of clinical protocols for
addressing pathogens assocated with multple

Detection of high levels of 13G antibody

against the tested pathogens is not
indicative of acute infection. P

Cryptosporidium
Blastocystis hominis
Human H5P-60 +
Chlamydia HSP-60
Chlamydias
Streptozymes
Streptococcal M Protein
Mycoplasmas
Acinetobacter
Klebsiella
Mycobacterium avium

Aspergillus

Penicillium
Stachyhotrys chartarum
Citrullinated EBV
Hepatitis C virus
Cytomegalovirus
Human Herpesvirus-6
Borrelia burgdorferi
Babesia +Ehrlichia
+Bartonella

. Present with chronic conditions such as

gastrointestinal distress, fatigue, body aches or
unexplained and general inflammation, includihg

neuroinflammation.

+ May have been exposed to bacteria, viruses,
pamsit:es, molds, and spirochetes associated with

multiple autoimmunities.

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

‘ L A S . S
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16S rRNA Next Generation
Sequencing Analysis Shows Bacteria
in Alzheimer’s Post-Mortem Brain
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The neurciogical delerioration assocated with Alzheimer's disease (AD), irvolving
accumuation of amyoid-beta peptides and neurofibrillary tangles, & assocaled with
avident neuronfiammation. This is now seen to ba a significant contributor to pathology:
Racantly tha lanel of the priviegad stalus of tha brain, reganding microlial compromisa,
has bean quastioned, particularly in lerms of neurodegenerative diseasas. It is now
being considared thatl microbiolegical incursion inta the central nervous system could
be either an initiator or significant contributor 1o these, This is a novel study using
165 ribosomal gene-specific Next genaration sequencing (NGS) of axtracted brain
lissua. A comparison was made of the baclerdal species content of bath frazen
and formaldehyde fixed sections of a small cohort of Alzheimer-affected cases with
thase of cognitivaly unimpaired (nomal). Our findings suggest an incraase in bacteral
populations in Alzheimer brain lissua compared with normal.

Keywords: Alrhaimes's dasass [AD), bacleris, human macrobeomea, 185 (ANA, neit generaton mequencing [NGS]

INTRODUCTION

Pll.haloglua] triggers, (uhﬂihll.i!\‘* in the eventual loas of cognitive function in Alzheimer's discase
(AD), are widely acknowledged to occur up to two decades before symptoms arise (Bateman et al.
2012). It is acknowledged that the increased level of amyloid AB42 in the brain parenchyma, due 1o
cither increased psu,luu:lm of amyloid or ity decreased removal, is H.L:ly o contribute 1.ub-|.lmu.11|}'
io this. However., understanding why the presence of excessive levels of AR do not necessarily
result in cognitive impairment (Katzman et al, 1988; Hulette et al, 1998; Price and Morris, 1999
Azensiein of al, 2008; Esparza et al, 2013) may be related to the known role of inflammation and
the importance of the response of the innate immune syitem, which are also recognired as essential
factors (Heneka et al. 2015b). The common sporadic form of AD arises from a large number of
posubl-e risk Bactors. The presence aof the B4 pul_\m];!hum of spollpnprutnn Ed (APOE4) hax
long been known to be the most potent risk factor for sporadic AD, second only lo age. One
reason for this is likely to be its importance in the clearance of AP, another may be its influence
on mﬂ.ummlm}' fesponse and s sdverse influence on the integrity of the blood-brain barrier
(BBB; Bell, 2012), which is pertinent when discussing the level of privilege the brain retains (Yu
et al, 2014). The Ed polymorphism s proinflammatory, unlike the more common E3 form, which
facilitates suppression of inflammation (LaDu «t al, 2001, Guo ot al, 2004; Chen et 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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INTRODUCTION
Atypical amyloid generation, folding,
aggregation and  impaired  clearance
are characteristic pathological features
of human neurodegenerative disorders
including Alzheimer’s disease (AD). What
is generally not appreciated is that a major
secretory product of microbes is amyloid,
and that the contribution of microbial
amyloid to the pathophysiology of the
human central nervous system (CNS) is
potentially substantial. While earlier find-
ings suggested that these amyloids may
serve some immune-evasive strategy, it has
m:\emly become evident that humans have
dously heavy sy ic burden
ol' amyloid which may contribute to the
pathology of progressive neurological dis-
eases with an amyloidogenic component.
This perspective will highlight some recent
inroads made into our understanding of
the enigmatic role that microbial amyloids
may play in the homeostasis and pathol-
ogy of the CNS with particular reference
to AD wherever possible.

AMYLOID: MICROBIAL AND CNS
SOURCES

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

Frontiers in Aging Neurosclence

(hpax ~~355nm) when stained with
the secondary diazo-dye Congo-red
(hmax ==498nm) when wviewed under
polarized light {upon binding to amyloid,
Congo Red displays bright fluorescence
emission 8t hews ~614nm after exd-
tation at gy ~~497nm; Alexandrov
et al, 2001; O'Brien and Wong, 2011).
Amyloid fibrillation is initiated by
self-aggregation of protein monomers-
into-dimers, oligomers and fibrils, which
accumulate over time, and this process is
thought to result from the hydrophobic
nature of the aromatic amino-acid pep-
tides comprising the primary sequence of
the amyloid (O'Brien and Wong 2011;
Lukiw, 2012). The Congo red dye-based
intercalation of f-pleated sheets, induction
of a positive anisotropy that is polarized
and directionally dependent, and gener-
ation of a measurcable wavelength shift
and apple-green birefringence is the hall-
mark of all amyloids and is the “gold
standard” in the diagnosis of amyloido-
genic disease {Linke, 2006; Buxbaum and
Linke, 2012). The polymerization of amy-
loidogenic proteins is cooperative, and
can be accelerated by amyloid aggre-
gates derived from the same protein in
a selective “seeding” process. The identifi-
cation of the "amylome,” a classification
of amino acid sequences within pro-
teins with internal, self-complementary
interfaces and high fiber-forming propen-
sity has improved our understanding of
the capability of different proteins to

www frontiersin.org

form amyloids that contribute to “dense-
deposit™ disease (Goldschmidt et al,
2010; O'Brien and ‘Wong, 2011; Lukiw,
2012). The pathogenesis of discases that
accumulate amyloid, including AD, all
involve a marked inflammatory response
at sites of amyloid deposition, and this
is mediated by microglial cells, the “rov-
ing macrophages” of the CNS. Microglia
appear to utiliee molecular sensors on
their external surface, such as the Toll-like
receptor 2, TLR2, 1o recognize abnormal
forms of amyloid and initiate a phago-
cytic or “clearance” response (Zhao et al.,
2013; Ferrera et al., 2014; Jomes et al,
2014). Here we describe a relatively recent
collection of stimulating research at the
crossroads of microbial and AD amy-
loids highlighting 5 recent, specific and
illustrative insights into the potential con-
tribution of microbial-derived amyloids to
CNS amyloidogenesis and AD,

MICROBIOME-DERIVED AMYLOIDS

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

Folruaty 2015 | Volume T | Article 9| 1

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

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

Methodology/Principal Findings: Here, we provide data supporting an in vivo function for Af as an antimicrobial peptide
(AMP). Experiments used established in vitro assays to compare antimicrobial activities of AP and LL-37, an archetypical
human AMP. Findings reveal that Afi exerts amtimicrobial activity against eight common and clinically relevant
micrearganisms with a potency equivalent 1o, and in some cases greater than, LL-37. Furthermere, we show that AD whaole
brain homogenates have significantly higher antimicrobial activity than aged matched non-AD samples and that AMP
action correlates with tissue AL levels, Consistent with Afi-mediated activity, the increased antimicrobial action was ablated
by immunodepletion of AD brain homogenates with anti-Afl antibodies.

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

Citatlon: Soscla &1, Keby JE, Washicosky K, Tucker 3M, Ingelsson M, et al. (2000) The Alzheimers Msgase-dssoclated Amyloid [i-Frotedn is an Antimicrobial
Peptide. PLoS ONE 543 #9505, doi10.1371/jaumal pone, 000505
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Introduction AP are similar w0 these of a group of bomalecules collecrively
known as “antimicrobial peptides”™ (AMPs) which function in the

innate immune system, AMPs [alo called “host defense peprices™

I'he past 25 years has witn he acerual of a

e body ol

the phys aned bies activities of are potent, broad-spectrum antbiotics that target Gram-negative
the amyloid Bpepride (AP, the main component of Bamyloid 430 Gramepositive bacteria, mycobacteria, cnveloped viruses,
deposits in the brains of Aleheimer's disease (ADY) patiens [1]. Af, fungd, protozoans and in-some cases, wangdbrmed or cncerous
which is generated in the brain an s, is widely hast cells. AMPs are also potent immunomadul that a0

believed an incident thilic product ol the amyloid fi adaplive imimumne responses (see review by
protein precursor (AP with no normal physiological lunction . { X

However, AR has been shown 1o be a lgand for a number of The three main £ nammalian ANPs are the defensin,
diflerent recepiors and other molecules: |25 4], masported by « histating, and the welicidins, Oy one member of the
complex | g prathan Cween tisses andl across the Dlood cathelicddin Gumily  has i identified in homans, e LL-37
bramm  barrier [1,5], modulared o resp > om0 a variety of peptide [, The pleiotropie LL-3T peptide i o widely expressed

snmental stressors, and able w1 pro-inflammiatony archetvpal AMP [10], The vodent LL-37 homologue (CRAMP

|. Dhspite these clues, the pormal physiological pole has been shown o play a ceniral role in combating bhacterial
s unknown, We have obscrved that many of 1

activilies |

of | ¥

infections in a range of vissucs, including the CXNS |1, Pa

g s
physiochemical and biological properties previoosly reported for thir express low levels of LL-37 ane ar increass

sk for serious
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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®

Department of Basic Pharmaceutical Science, College of Pharmacy, University of Louisiana at Monree, 1800 Bienville Drive, Monroe,
Louisiana 71201, United States

ABSTRACT: Oleocanthal, a phenolic component of extra-
virgin olive oil, has been recently linked to reduced risk of
m-hm(wxaww&nuhua -
ion of framyloid (Af) and taa : "
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proteins in the brain. However, the mechanism by which = )

oleocanthal exerts it neuroprotective effect s still incom-
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dearance from the brain via up-regulation of P-glycoprotein —
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S e i‘a‘-ir"-p““’m‘“‘“"‘“‘iﬁ“p@;“‘JWWﬁ::;TMM&WFm potential reduced risk of AD
m@uwwmnh 1-Afl,, degradation a1 a result of the up-regulation of Afl degrading enzymes . . L .
e g by e by ke ey L e associated with extra-virgin olive
R oil could be mediated by
propeti gt Ambekeets doame (AD) 3 mewe.  phesclie hove podkve sk o et phyclopid enhancement of AB clearance
Id.lfl!ﬂlc-ﬂll-ll‘!mlh.ﬂﬂmmiﬂiu!pcupk such as pl lipoproteins, oxidative damage, .
ARG MGk el bt S o | DA BN Sl o il from the brain.
&llﬁltenmn area populstions compared to thow of other Among the phenolic olive ail constituents, (—)-oleocanthal, a

r!pmuftbcwru: * One integral component naturally occurring phenolic secoinidoid iolated from EVOO,
of the Mediterranean dictary pattern is the consumption of huthwannnwﬂmm“dmhﬂdﬂ?mrm
extravirgin olive oil (EVOO). Trpxaﬁyihrnhhofﬂ\'ot) similar to the aidal anti-infl y drug ibuprofen.’’
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attributed to the dietary consumption of EVOO by its chemical structure is related to the secviridoid glycosides

Mediterranean populations. bgstroside and oleuropein, which are also common in EVOO.
Historically, the health promoting properties of EVOO were Chemical structure of oleocanthal is shown in Figure 1.
attributed to the high :on:enmﬁouﬁm«wummmdf:ﬂy Recently, oleocanthal has been demonstrated to have
acids, in particular oleic acd, ined in EVOO. However, potential neuroprotective properties and contribute to
other seed oils (ie, sunflower, soybean, and rapeseed), which prﬂrmmgs cognitive decline due to neurodegencrative
also contsin high concentrations of oleic acid, do not exhibit diseases.”” ' This has been supported by population-based

the same health benefits as EVOO.” In addition to oleic acid, ﬁdmm&cxhglhnh’le&ummm&t rich in olive oil and
EVOO contains a minor, yet significant phenolic fraction that
other seed oils lick and this Faction bas geaerated much Received: Janmary 21, 2013
interest regarding its health p rtiex. C Iy, 36 Accepted:  February 15, 2013
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In the present study, we aimed to demonstrate, using in vitro
and in vivo studies, the role of oleocanthal in enhanced
clearance of AB from the brain as an additional possible

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

blocked by cannabinoids

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

The beta amyloid (AB] and other aggregating proteins in the brain increase with age and are frequently found within neurons.
The mechanistic relationship between intraceliular amyloid, aging and neurodegeneration is not. however, well understood.
We use a proteotoxicity model based upon the inducible expression of AR in a human central nervous system nerve cell fine to
characterize a distinct form of nerve cell death caused by intraceliular AP. it is shown that intraceliular AB initiates a toxic

inflammatory

leading to the cell's demise. A induces the expression of multiple proinflammatory genes and an increase

response
in both arachidonic acid and eicosanoids, including prostaglanding that are neuroprotective and leukotrienes that potentiate death.
Cannabinoids such as tetrahydrocannabinol stimulate the removal of intraneuronal AR, block the inflammatory response, and are
protective. Altogether these data show that there s a complex and likely autocatalytic inflammatory response within nerve cells
caused by the accumulation of intracellular AR, and that this early form of proteotoxicity can be blocked by the activation of

cannabinoid receptors.

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

INTRODUCTION

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

Although debated,™ the accumulation of intracellutar amyloid
beta (AB) is an early event in AD, In both humans and rodents,
m!nceﬂl.hr AP accumulation is observed well before extracellular
amyloid>® Similarly, both aggregated huntingtin and alpha
synuclein are found In neurons before disease onset®'”

As with the accumulation of intracellular proteins, central
nervous system (CNS) inflammation s elevated with age and
Increases In disease.’'As AD Is associated with neuronal dysfunc-
tion, we hypothesized that proteotoxicity in nerve cells them-
selves may initiate an inflammatory response that can lead directly
to their death and contribute 10 overall inflammation in the CNS.
The following experiments identify the molecular basis of this
inflammatory response using a human CNS nerve cell line that
conditionally expresses AR,

RESULTS
MC65 cells are a human CNS nerve cell line that containg the C-99
fragment of the amyloid precursor protein under the control of a

tetracyciine (tet)}-sensithve promoter.’’ The parent cell fine s
SK-N-MC from a human brain tumor, and it has an electrically
excitable membrane typical of neurons.'” When tet ks withdrawn,
cells express C-99 that is convened 1o AR by y-secretase and the
cells die within 4 days (Figure 1ab). AP remains within the cell and
forms aggregates.'*' In the presence of y-secretase inhibitors (S1),
cells accumulate C-99, but do not die, and (99 does not

aggregate.

Intraneuronal A induces the expression of proinflammatory
molecules

Inflammation is associated with the elevated expression of
cytokines and chemokines. To assay for the expression of these
genes following the induction of AB in MCS5 cells, the mRNA
expression of 184 inflammation-associated genes was assayed
sequentially for three days. Table 1 shows increases in the
expression of 12 genes.

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

It was mext asked whether the intracellular expression of AR
leads to an increase in proinflammatory pathways. NFB s a
ubigquitous proinflammatory molecule whose activation includes
phosphorylation. Phosphonyation of its p65 subunit is increased
following the expression of AB in MC65S cells (Figure 1c.d).
Inflammation is also assodated with the activation of caspase 1.
Figure 1c.d shows that following the expression of AR, caspase 1 s
activated as defined by the appearance of activation-dependent
cleavage products.

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

"Colula Neurobiology Laborstory, The Salk institute for Bilogical Studies, La Jolla, €A, USA: ‘Department of Prasmacoiogy. University of Calfornia San Diege. La Jolla, CA, USA

andd *Department of Medicine, University of Callfornis San Diego, La Jolla, CA, USA.
Correspondence: [ Schubert (schuberiginaioedy)
Received 5 January J0014& accepted 16 February 2018

“Cannabinoids such as
tetrahydrocannabinol stimulate the
removal of intraneuronal AB, block the
inflammatory response, and are
protective. Altogether these data show
that there is a complex and likely
autocatalytic inflammatory response
within nerve cells caused by the
accumulation of intracellular AB, and that
this early form of proteotoxicity can be
blocked by the activation of cannabinoid
receptors.”
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Cannabidiol in vivo blunts g-amyloid induced
neuroinflammation by suppressing IL-1§ and iNOS
expression

G Esposita’, C Scuderi’, C Savani’, L Steardo Jr%, D De Filippis®, P Cottone!, T luvone”,
V Cuomo' and L Steardo’

"Department of Human Physiology and Pharmacolagy *V Erspamer’, University of Rome ‘La Sapienza’, Rome, Italy; *Departiment
of Psychiatry, Medical School, Second University of Naples, Naples, Italy and *Department of Experimental Phannacology, University
of Najies Federico I, Naples, Italy

Background and purpose: Pharmacological inhibition of beta-amyloid (Afl) induced reactive gliosis may represent a novel
rationale to develop drugs able to blunt neuronal damage and slow the course of Alzheimer’s disease (AD). Cannabidicl (CBD),
the main non-psychotropic natural cannabinoid, exerts in vitro a combination of neuroprotective effects in different models of
A neurotoxicity. The present study, performed in a mouse model of AD-related neuroinflammation, was aimed at confirming
in vivo the previously reported antiinflammatory properties of CBD.

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

British fournal of Pharmacology (2007) 151, 1272-1279; doi:10.1038/5).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 |l 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 |
macrophages, on the other hand, are improved only by adding vitamin D3. However, the exact mechanism of
these effects remained unclear, until now.



Source: UCLA

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

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

Hamis A. Eyre™, Evan Papps' and Bemhard T. Baune'*
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The increasing burden of major depressive disorder makes the search for an extended
understanding of eticlogy, and for the development of addtional trestments highly signdi-
cant. Biological factors may be useful biomarkers for treatment with physical activity (PA),
and neurcbiological effects of PA may herald new therapeutic developmaent n the future.
This paper provides a thorough and up-to-date review of studes sxamining the neurowm-
munomodulatory effects of PA on the bran in depression and depressiondike behaviors.
From a neuroimmune parspective, evidence suggests PA does enhance the benefical and
reduce the detnmental effects of the neuroenmune system. PA appears to increase the
following factors: mterleuln (ILU-10, IL6 (acutely)l. macrophage migration mhibitory factor,
central nervous system-specihc autoreactive CD44- T cells, M2 microgla, quiescent astro-
cytes, OGCL1, and insuln-like growth factor-1. On the other hand, PA appears to reduce
detrmental neuroimmune factors such as: Th1/Th2 balance, pro-inflammatory cytolanes,
Creactve proten, M1 microgla, and reactive astrocytes. The effect of other mechanisms is
unknown, such as: CD4+CD25+ T regulatory cells (T regs), CD200, chemokines, miRNA,
M2-type blood-derived macrophages, and tumnor necrosis factor (TNFla [via receptor 2
{R2]]. The beneficial effects of PA are ikely to occur centrally and penpherally (a.g.. in vis-
ceral fat reduction). The investigation of the neuroimmune effects of PA on depression and

depression-ike behavior 1s a rapidly developing and mportant field.

Ky physcal sctreity.

The increasing burden of major depressive disorder (MDD; WHO,
2008) makes the search for an extended understanding of ¢ti-
ology, and for the development of additional treatments highly
significant. The global “pandemic” of physical inactivity (Lee
et al, 2012) = a sgnificant etiobopcal faclor for many non-
communicable diseases, including depression (Garber et al, 20113
Kahl et al., 201 2; Lee et al., 2012) - as well as the growing evidence
supporting the clinical utility of physical activity (PA) in many
psychiatric disorders, make the biological effects of PA highly rel-
evant (Knochel et al, 2012 Lamtenschiaper of al., 2012; Rimer
et al, 2012). Biological factors may be useful biomarkers for treat-
ment with PA, and nenrobsalogical effects of PA may herald new
therapeutic developments in the future.

The neuroimmune system is important in the pathogenesis and
pathophysiology of depression-like behaviors (Eyre and Baune
201 2¢c). Elevations in pro-inflammatory cytokines (PICs). causing
nearomflammation, are well known 1o be involved in the devel-
opment of depression-like behaviors — ¢.g., sickness-like behavior,
cognitive dysfunction, and anhedonia - in pre-clinical and dini-
cal populations (Dantaer et al., 2008; McAfoose and Baune, 2009;

Miller et al, 2009). The involvemient of PICs in the development of

depression-like behavior s often referred to as the cytokine modd
of depression (Dantrer ¢t al, 2008; McAfoose and Baane, 2008;
Miller et al, 2009).The neuroinflammatory state is associated
with neurot ransmitter dysfunciion |e.g., reductions in serolonin

Lo | ¥ CL

(5-HT), as well 2s neurotoxic levels of glutamate (GLU) and tryp-
tophan catabolites|, reduced hippocampal (HC) nearoplasticity
|e.g., nenropenesis, synaptic plasticity, and long-lerm potentiation
(LTP) ], oxadative stress, and ghucocorticoid msensitavity (Dantzes
el al., 2008; Maller et al., 2009; Eyre and Baune, 2012¢; Leonard
and Maes, 2012; Movian et al, 2012).

A vanety of novel neuroimmune mechanisms may also be
involved in the devedlopment of depression-like behaviors (Fyre
and Baune, 201 2¢; Lattredl, 2012). Cellular immune factors inchude
various T cells [eg. CDM+CDI5+ T regulatory cells (T regs),
CNS-specific autoreactive CD4+ T cells] and macrophages (e.g.,
M2-type blood-derived macrophages) involved in the model of
protective immunosurveillance (Schwartz and Shechter, 2000k
Martino et al, 201 1; Ron- Harel et al, 2011}, Thes¢ nenroprolective
immune cells - found to release nenrotrophic factors and anti-
inflammatory cytokines (AICs Schwartz and Shechter, 20002k
Martino et al,, 201 1; Ron-Hard et al, 201 1)~ may be dysfunctional
in the disease state ( Schwartr and Shechier, 2010b). Moreover, the
function of immunomodulatory proteins such as CX3CLI (aka
fractalkine; Rogers ol al., 201 I; Corona et al., 2012; Gmnti et al.,
2012), insulin-lke growth Bctor-1 (IGF-1; Park et 2, 20112), and
CD 200 (Lyons et al., 2007; Ojo et al, 2012) may be reduced.

In clinical smdies, PA has shown efficacy in the treatment of
MDD (Rimer ot al, 2012), schizophrenia (SCZ; Knochel ot al,
2012), anxety-based disorders (Asmundson ef al.. 2013), and in

February 2013 | Volumo 4 | Arbde 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

1 AICs: IL-10

(acute), MIF

CD4+ T cells

Unknown

miRNA, 1L-4, M2-type

blood-derived
macrophages, TNF-a via

FIGURE 2 | Physical activity in depression: antidepressant via

enhancing the beneficial effects of the neuroimmune system. This

figure illustrates the effects of PA on the brain as per the balance

between beneficial and detrimental effects of neuroimmune factors.
PA appears to enhance the beneficial effects of the neuroimmune

1 Neuroprotective PIC function: I1L-6

T 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-1B; CNS and peripheral (e.g. visceral
fat)

| Glia: M1 microglia, reactive
astrocytes

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

Lulu Xiel, Hongyi Kang, Qiwu Xul, Michael J. Chen, Yonghong Liao?,
Meenakshisundaram Thiyagarajani, John O'Donnell, Daniel J. Christensenl, Charles NicholsonZ,

Jeffrey J. liff, Takahiro Takano?, Rashid Deanel, Maiken Nedergaard:l
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ABSTRACT EDITOR'S SUMMARY
The conservation of sleep across all animal species suggests that sleep serves a vital function. We
here report that sleep has a critical function in ensuring metabolic homeostasis. Using real-time
assessments of tetramethylammonium diffusion and two-photon imaging in live mice, we show
that natural sleep or anesthesia are associated with a 60% increase in the interstitial space,
resulting in a striking increase in convective exchange of cerebrospinal fluid with interstitial fluid.
In turn, convective fluxes of interstitial fluid increased the rate of B-amyloid clearance during

sleep. Thus, the restorative function of sleep may be a consequence of the enhanced removal of
potentially neurotoxic waste products that accumulate in the awake central nervous system.

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

Convective glymphatic fluxes of CSF and ISF propel the waste products of neuron
metabolism into the paravenous space, from which they are directed into lymphatic vessels
and ultimately return to the general circulation for clearance by the kidney and liver.

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

Ayton S, Lei P, Bush Al.

Florey Instilute of Neuroscience and Menlal Health, University of Melboume, VIC, 3010, Auslrala. Electronic address:
scolt.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 AB have all shown
benefit for patients. Here we review the genetic, pathological, biochemical and pharmacological evidence that underlie
the metal hypothesis of AD. The AD-affected brain suffers from metallostasis, or, fatigue of metal trafficking resulting in
redistribution of metals into inappropriate compartments. The metal hypothesis is built upon the triad of transition
elements: iron, copper, and zinc. The hypothesis has matured from early investigations showing amyloidogenic and
oxidative stress consequences of these metals; recently, disease related proteins: APP, tau and presenilin, have been
shown to have major roles in metal regulation, which provides insight into the pathway of neurodegeneration in AD and
illuminates potential new therapeutic avenues.
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Free Radicals

Free Radicals are highly reactive/unstable molecules containing unpaired electrons

* A Reactive Oxygen Species (ROS) is a free radical containing an oxygen molecule
— To improve stability, the free radical remove/steal electrons from stable molecules
— Propagation steps perpetuate the formation of free radicals
— Free radical excess can affect tissues, lipids, proteins and DNA
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Metal lons and Intrinsically Disordered Proteins and Peptides: From Cu/Zn Amyloid-B to General Principles.
Faller P', Hureau C, La Penna G.

+ Author information

Abstract

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

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

aerobic metabolism, and while these particular ‘reactive oxygen species’ (ROSs) can exhibit a Of poorly Iiganded iron has been

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

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

Review: We review the considerable and wide-ranging evidence for the invalvement of this paSt, and that in Com bination With

combination of (su)peraxide and poorly liganded iron in a large number of physiclegical and indead

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

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

and thus might be considered to have a common cause (i.e. iron-catalysed free radical and especially n7i 1 1
e e activity underpins the behavior of
The studies reviewed include those focused on a series of cardiovascular, metabolic and a g reat many phySiOIOg ical

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

showing the significance of iren to aging and langevity. The effecdve chelation of iron by natural ar .

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

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

simultaneous combination of multiple factors that is responsible.

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

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

ant-inflammatory cytokines are linked in particular via signalling pathways involving NF-kappaB
and pd8, with the oxidative roles of iron here seemingly involved upstream of the lkappaB kinase
(IKK) reaction. In a number of cases it is possible to identify mechanisms by which ROSs and poorly 126
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Insights into antiamyloidogenic properties of the
green tea extract (—)-epigallocatechin-3-gallate
toward metal-associated amyloid-f species
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Despite the significance of Alzheimer's dweme the link between
metalamodated amylowd-f (meta-AM -I! doeme etidogy re
maird unclear. To chucidate tha relatonihip, o ""Ini bk
of spedfially rgeting and Bl

g metab-Ap 3p
necemary, along with a fundamental uadunuulhg of lun

Af intersction have recently been prepared or identified via
rational gructure-haad design frategies of avlematic s lkection
of natural products.

Naturally ocourring flavonoids have been dhown 10 inleract
with amyloidogenic peplides and amest or redirect aggregation

hanam at the molecular level Hersin, we gated and
d ll\i int £ and reactivities of the green tea
um( =}-apigalio axtechin-1-gallate [2R.3IA)-5.7dihydroxy-2-
(3.4,5-trity droaty pheny 3 Adihydro-2 M Hhemeopyran-d 9l 14540
EGCG)], with metal [Cull) and Zn{UJ-Ap and
metalfree A species We found that EGCG interaded with
metab-Af peces and formed small, unstructured AR aggregates
more noticeably than in metak-free conditions in vitro. in addi-
tion, upon incubation with EGCG, the taxicity presented by metal-
free AP and metal-Afl was mitigated in living aells, To understand
this mactivity at the mdendar level structural mights were
obtained by ion mobility mass specrometry @M-MSL 2D NMR
spectroscopy. and computational methods. These studies indi-
cated that (/) EGCG was bound to AY monomers and dimers, gen-
erating more cmpact peptide onformations than those fram EGOG-
mnmﬂm“qmwm-
the distinct
Mrﬂ*h#lﬂtaﬂmﬂ#ﬂﬂuﬂm
based medunnm

smylad § phptde | Metal iond | Aatuml pRoducts | Syko.do gineda.

brain of individuals with Alzheimer's disease (AD) has
protein aggregates composed of misfolded amyloid-B (Af)
peptides (1-4). The AB peptides are produced endogenously
though cu}uuc duu'! of amyloid procursor protein. Af
manome s can midold and oligomenae into vanous intemediate
before the formation and dongation of fibrils that exhibit a char-
aderilc crom—f-shoeet structune (1-4). The accumulation of
aggegated Apspecies has been a key feature of the amyloid
cascade hypothesis, which dus that thaie aggregatles are pos-
sible causative agents in AD. In addition, trnsition metals,
such as Cu and Zn, whose misregulation leads to aberrant
neuronal function, have a suggested link 10 AD palhnlon IL
3-8). In vitro and in vivo studies have provided ¢

pathways (19-26). These studies have mainky been conductod
under metakfree conditions. For evample, the green tea ex-
wact, (-)epigalocatechin-3-gallate [(2R.3K)-5,7-d by droxy-2-
(3 A S-tribydroxyphenyl)-3 4-d bydro-2H-1-benzopyran-391 345
trihydroavbenmoate; BGCG; Ag 14] isknown as an antioxidative
and antHinflammatory sgemt for numerous human dseses
(27) and has exhibited antismyloidogenic reactivity with various
dise e relalod peplides (eg. A, a-dynuckein, ishet amylod poly-
gx&nmﬁmmﬁemm: of virus infection) (19-21,24,

28-31). Nontoxc amorphous species were obierved upon
incubation of asynuckin or A with EGCG in the shaence of
metd ions, presumably through the direct pepride-EGCG
interactions that were proposed 10 alter the peptide asembly
from the expocted fibrillar structures in favor of an off-patway
intermediate (X0, 21} BEGOG has also been shown 10 restructure
preformed metalfree Af sggregates into undructured, sishle,
and nontoxic conformations (21). These obsarvationn suggest
a broad abiiy for EGOG 10 disrupt earlystage and bilestage
aggega ; Although EGCG & ako able 1o chelate
metal ions (12, 33), its influence on metal-bound AP stricture
and reactivity has not boen fully clucidated (34).

Here, we present the ability of EGOG w0 modulale metal
[Culll) or Zn{ll)]-induced A aggregation to produce dmall,
unstructured peplde aggrogates to a different extent than metal
free AP aggregation, which may tranilale 10 reduced metal-Af
tomicity in bving cells To muonakize the antamyloidogenic re-
activity of EGOG at the molecular level, Aflinteraction propetics
in the absence and presence of metal jons were imwstigaed by jon
mobility-mass specromevy (IM-MS) (35 36) and 2D NMR
spectroacopy. Our IM-MS and 21D NMR results were also sup-
ported by moloculy dynamice (MD) simulations 1o creale
& comprebensive mokcular-lvel mechaniam of EGCG action
and reactivity. The inleractiond of BGOG with metal-free AS
monomers and dimens induced structumlly compact peptide

s r

the direct interactions of metal jlons with Af and their pwltme
within Aff agues, indicating the formation of met al -ssocisted
AR (malal-Ap) pocics. These metal-Ap spocies have been
implicsted in procases that could lead 10 neurotonicity (e.g..
metakinduced AP aggregation and metal- Apmadated reactive
onygen species generation) (1, 3-8) The invobement of metal-
Afl species in AD pathogenesis, however, has not been clearly
elocidated To advamce our undestanding of the potential
neurotoxicity of metal-Af species, efforts 1o develop chemical
tools capable of interacting directly with melal-Ap species
and mo ing thair reactivity in vitro and in biclogical sys-
tems are under way (1, §-18). In particular, novel bifunc-
tional compounds that contain dements for metal chelation and

. ocgAdod 10 10 Tprad | 20 DE 110

o that hkely ked to the gene ration of amorphous Af

istiee ewidiienn L0, ASD, IR, AR, BTR, snd MH L dedigued raanmiy
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“Thus, we demonstrate the

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

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

Curcumin has been demonstrated to hive many neuroprol&Ctive propertiss, induding improvement of
chanism of such effects remains undeat

Background:
cognition in humans and neurogenesis in animals, yet the
Met hodology. Ve d behavioural perf

and hippocampal cell proliferation in aged rats after & and 12-week
curcumin-fori fed dists Curcumin enhanced non-spatial and spatial memory, & well & dentate gyrate cell prol fleration =
mechanittic

increated cognition and neurogensis via exon anay analyds of cortical and hipp | mRMA
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Introduction

The palypheno! compound curcumin & the mun component of
twrmeric curcuminoids derved from tumenc spice, which exhibits
many therapeusc properdes. Numerous smdies have shown thas
curcumun  pomesses not only anti-mnfl won, ant-oxids
strem, and tumar reducton propertes [1], but ako neurmprotecs
thon against a wide of neuradegeneratve condidons in
animal models [2]. Due to s themapeutic potensal, crcumin &
currently undergoing human chnical trals Br treadng inflamma-
tory -bnked duesses and several types of cancer [1].

In recent years the forus has been shified o0 neurprotecsve
effiecn of arcumin on cognition. Epidemialogic data has shown
that regulsr curcumsn intske may be related 1 better cogrisive
function = heakthy eldery |3, while in ¢ modeh crcoamin
appears © fevere varsms s of cognine  TpaiTment
[4.56789]. For example, chronk administration of crammin
can ameloar age-related spatial mamory deficies [10]. These
effecs may be dur © cumumin’s acthvity on oxdathe srem
4,57, BONF and ERK/PH knase sgnaling pathways |5,
degradadon of PE.CB [10] or inhibison of hisone acetyhransier.

‘Q. Plos ONE | www plosore o

mse [11], s well s several other acfivitiea Curcumin ako may
protect against Alrheimer's dunease (AD) pathology. Bath w mire
and m mm studies have shown that curcumin prevents amyloid:
beta build-up, ane of pathalagical hallmarks of AD [12,13, 14].
Despite the above charmadons, undemanding of curamin’s
diverse neumpoective actniten is sl laied, epecially how
curcummn influences newonal prolieraton

Aduh neurogenesi has been sugpesied 1o be an impoarnm even
for cognitive fimction [15,16]. Two recent publications revealed
that curcumin enhanced newogeness in adub rodens. Xu et al
found that oral sdminisrsteyn of curumn ncresmed the
prolfenation of hippocampal progeninr cells i chranically
mressed rats [17], while Kim et al showed thas curcumin could
stimulse poiferatons of hppocampal neural pmogenitor cells
both & embryonic stage and adult in mice [IB]. These studies,
howewer, wed relatively young anmmak (only several weels old)
tha: have relatively high raws of newogenesis. Furdermore,
neither study nvestigated behavior, which could have shad Bl
on the fimctional Implication of curcurmindndeced newogenesis
Thus, #t & il not clear f neumgeness = respanchle for treatmen
effects on leaming and memory.

Felbruary 2012 | Volume 7 | lmue 2 | 31211

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

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

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

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

ARTICLE INFO ABSTRACT

Article history As interest in the gut microblome has grown in recent years, attention has turned to the impact of our diet
R«ﬂ“‘ﬂ?-"'mmbﬂ 2015 onour brain. The benefits of a high fiber diet in the colon have been well documented in epidemiological
acHved I rayicedt forms | Pbruany A48 studbes, but its potential impact on the brain has largely been understudied. Here, we will review evidence
Acnepeed 4 Februiacy 2010 that butyrate, a short-chain fatty acid (SCFA) produced by bacterial fermentation of fiber in the colon, can

Auailable online xxx

Gut-brain axis

improve brain health. Butyrate has been extensively studied as a histone deacetylase (HDAC) inhibitor
P " but also functions as a ligand for a subset of G protein-coupled recepiors and as an energy metabolite,

LS These diverse modes of action make it well suited for solving the wide array of imbalances frequently
encountered in neurclogical disorders. Inthis review, we will integrate evidence from the disparate fields

Neurocpigenetics
Butyrate of gastroenterology and neuroscience to hypothesize that the metabolism of a high fiber diet in the gut
High Bber diet can alter gene expression in the brain to prevent neurodegeneration and promote negeneration.
Gut microblome © 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND
license (hitp://creativecommaons org/Hoenses/by-nc-nd /4.0/).
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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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Butyrate and Dietary Soluble Fiber
Improve Neuroinflammation
Associated With Aging in Mice
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Aging resulls in chronic systemic mflammation that can alter neurcinflammation of the
brain. Speafically, microgha shift to a pro-inflammatory phenotype predisposing them to
hyperactvation upon stimulation by perpharal immune signals. It s proposed that cer-
tain nutrients can delay bran aging by preventing or revarsing microglal hyperactivation.
Butyrate, a short-chain fatty acid (SCFA) produced primariy by bacterial fermentation of
fiber in tha colon, has bean edensively studied pharmacologicaly as a histone deacety-
lase inhibitor and serves as an attractive therapeutic candidate, as butyrale has also
been shown to be anti-nflammatory and mprove memory in animal models. In this
study, we demonstrate that bubyrate can attenuate pro-inflammatory cytokine expres-
sion n microgiia in aged mice. It is stil not fully underslood, however, if an increase in
butyrate-producing bacteda in the gut as a consequence of a diet ligh in soluble fiber
could affect mecroghal actvation dunng aging. Adult and aged mice were fed either a
1% calulose (low fiber) or 5% nulin (regh fibar) diet for 4 woeks. Fndinga ndicate that
mice fed inulin had an altered gut microbiome and increased butyrate, acetate, and total
SCFA production. In addition, histological scoring of the distal colon demonstrated that
aged animals on the low fiber dist had increased inflammatory infiltrate that was sigrifi-
cantly reduced in animals consuming the high fiber diet. Furthermore, gene expression
of inflammatory markers, epigenetic reguiators, and the microgial sensory apparatus
f.e., the sensoma) were altered by both diel and age, with aged animals exhibiting a
more anti-inflammatory microgial profie on the high ficer diet. Taken together, high fiber
supplementation in aging i @ non-invasive strategy 1o increase butyrate levels, and
these data suggest that an increase in butyrate through added scluble fiber such as
nulbn could counterbalance the age-related microbiola dysbeosis, potentially leading to
naurological benafits.

Keywords microgha aging. fDor gt

INTRODUCTION

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

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

1 Bifidobacterium spp. 1 Lactobacillus spp. 1 Collinsenila spp. 1 Roseburia spp.
Un 1 i+ Akkermansia muciniphila 1 Faecalibacterium prausnitzi 1 Bacteroides-Prevotella spp.

Targeted (@ _4@
organs

1 Loals | PPARG/GPR43 1 Insulin sensitivity
Molecular 1 Tight junctions (barrier) memvmm 1 Inflammatory markers | Inflammatory markers
largets 1 GLP-1, GLP-2, PYY Regulate eC8 system tone
Regulation of eCB sysiem tone Change apelinergic system lone

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

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

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

N-acetylcysteine in psychiatry: current therapeutic
evidence and potential mechanisms of action

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

Dean, Berk — Mental Health Research Institute, Parkville; Dean, Giorlando, Berk — Department of Clinical and Biomedical
Sciences, Barwon Health, University of Melboume, Geelong; Berk — Youth Health Orygen Research Centre, Parkvile, and the
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There & an expanding Neld of research nvestigating the benelits of allematives b curment pharmacological therapes in paychiatry
N-acetyiCysteira (NAC) is emegng as & uselul agent in the treatmen! of peychialnc dsordes. Lke many tharapees, the dincal ongns
o! NAC a% tar romoved [om s curment use in peychialry. VWhoreas the mechaniams of NAC are onrly beginning 10 bé undersiood, it is
lialy that NAC is éxerting benafits beyond baing 8 precursor ¥ the antioxidant, glutathione, modulsling glutamatengic, néurctropic and
irflammalory pahways TS review oulings e current Berature régardng the use of MNAC in déordes ncluding addicion, compulisve
ang groomang disoroers, schrophrena and Dok cisorder, N-acetlylcysions has shown DIOMmiBng fetults n pOpuEabons with these Cis-
oroers, indiuding those n whom treaiment efficacy has previously besn lmited. The therapeutic polential of this acetylated amino acid i3

baginning to emanps in the fisld of psychiatric reseanch.

Historical use of N-acetylcysteine

Ne-acetyloysteine (NAC) has been used as an anticoadant pre-
cursor to glutathione (pglutamyleysteinylglycine; GSH) in
the treatment of paracetamol overdose for more than
3 years. As morne is understood about the actions of NAC,
the dinical applications have also broadened. N-acetylcysteine
is now widely used as a8 mucolytic and in the treatment
of HIV, and it has reporied efficacy in chronic obstructive
pulmonary disease and contrast-induced nepluwopathy.” Spe
cific to brain disorders, NAC has been trialled with some effi-
cacy in patients with Alzheimer disease.’ The present review
will explore the role of NAC in the treatment of psychiatric
conditions and the possible mechanisms of benefit for these
disorders,

Role in oxidative homeostasis

The use of NAC in restoring GSH levels 5 well established
(Fig. 1). Glutathione i the primary endogmous antioxidant.
Glutathione neutralizes reactive oxygen and nitrogen species
from the cell through both direct and indirect scavenging. As

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

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

Correspondence to: Dr. O Dean, Mental HFaath Research Insttute, 155 Oak St Padoalle. Victona, Ausiralia; oltvad & barwannealin omg au

J Psychiatry Newroscl 2011:36(2): 78-86

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



Reduced and
Oxidized
Glutathione

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

of the reduced glutathione and a low
level of the oxidized Glutathione
disulfide
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OXIDATIVE STRESS
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MTHFR Methylenetetrahy drofolate reductase
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Laboratory Evaluations in Functional and Integrative Medicine textbook pg. 223






Organixm Comprehens ive - Urine Methodology: LC/Tandem Mass Spectroscopy, Colorimetric

Ranges: Ages 13 and over. Quintile Ranking 95%
st | 2nd | 3d | 4th | sth | Hufetus
Cell Requiation Markers - t 1 t 1 1 Interval
Neurotransmitter Metabolism Markers
(Tyrosine, Tryptophan, B6, antioxidants)
1.8 39
22 \anilmandelate 23 - - & - : - 1.3-49
2.1 6.3
23 Homovanillate 27 } —e } - u i 16-10.9
21 5.6
24 5-Hydroxyindoleacetate 2.8 + 1 *+— t f t 16-98
1.9
25 Kynurenate 1.6 3 1 t —& : i =27
4.0
26 Quinolinate 1.9 - »> f . ; } <=58
8.0
27 Picolinate 36 — + { - - - 28-135
Oxidative Damage and Antioxidant Markers
(Vitamin C and other antioxidants)
0.79
28 p-Hydroxyphenyllactate 0.09 —e + -+ { + - <=145
w 53
29 8-Hydroxy-2-deoxyguanosine 2.6 - 1 +— : i - <=786
#* Units for 8-Hydroxy-2-deoxyguanosine are ng/mg creatinine.
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Detoxification Indicators
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30 2-Methylhippurate 0.066 ) t f f *— i <=0.192
0.69
31 Orotate 0.22 — 1 f - : | <=1.01
6.3
32 Glu 4.0 - ! f > : : <=10.7
\ 0.3
33 a-Hydroxybutyrate 0.7 H — ) i | *— <=0.9
59
34 Pyroglutamate 62 y { f ; * ; 28 -88
958 2,347
35 Sulfate 1,413 - f - ; t i 690 - 2,988
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Neuroprotection by the metabolic antioxidant alpha-lipoic acid.
Packer L, Tritschler HJ, Wessel K.
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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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ARTICLE INFO

ABSTRACT

ip;-b history:
Recetved 16 April 2008

Alzheimer's disease (AD) is 2 progressive neurodegenerative disorder that destroys patient memory and
cognition, communication ability with the social environment and the ability to cammy out daily activities.

“Data from cell culture and animal
models suggest that LA could be
combined with nutraceuticals such
as curcumin, (-)-epigallocatechin

Accapted J1 Mgl 2008 Despite extensive research into the pathogenesis of AD. a neuroprosective treatment - particularly for the

i e 4 by 2008 cry g o st s vl e okl I e w vt e gallate (from green tea) and

Spe— lipoic acid [LA) may fulfil this herapeutic need. A nafurally occurring cofactor for the mitochondrial enzymes

Dement pyTuvaLe u:r:;;osema and a-u:hwu:ume dehydrogenase, LA has ?:Dsn:uﬂ w0 TL:'«UM of d h . .d (f f. h
fries can interfere wei pathogenesis or progression or example, LA increases
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Nutraceuticaly supplying more acetyl-CoA for the production of ACh LA chelites redox-active transition metals, thus

Antiaxidant inhibiting the formation of hydroxyl radicals and also scavenges reactive caypen species (RDS) thereby

Anti-inflammatory drug

increasing the levels of reduced ghutathione. In addition, LA down-regulates the expression of redo-senmsitive
pro-inflammatory proteins including TNF and inducible nitric axide synthase. Furthermore. LA can scavenge
lipld peroxidation products such as hydroxynonenal and acrolein. In human plasma, LA exists in an
equilibrium of free and plasma protein bound form. Up to 150 @M. it is bound completety, most likely binding
o high affinity fatty acid sites on human serum albumin, suggesting that one lage dose rather than
continuous low doses [as provided by “slow release™ LA) will be beneficial for delivery of LA to the brain
Evidence for a clinical benefit for LA in dementia is yet limited, There are only two published studies, in
which 600 mg LA was given daily to 43 patients with AD [recefving a standand treatment with choline-
esterase fnhibitors) in an open-label study over an observation period of up to 48 months Whereas the
improvement in patients with moderate dementia was not significant, the disease progressed extremely
showly (change in ADAScog- 1.2 points=year, MMSE: -06 points=yedr) in patients with mild dementia
[ADAScog<15) Data from cell culture and animal models suggest that LA could be combined with
nutraceuticals such & curcumin, [-)-epigaliocatechin gallate (from green ted) and docosabexacnoic acd
(from fish oil) to synergistically decrease oxidative stress, inflammation. AR levels and AR plague load and
thus provide 4 combined benefit in the treatment of AD.

© 2008 Elsevier BV. All rights reserved
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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

Leboratory of Neurasciences, National Institute on Aging Intramurel Research Program, Baltimore, MD 21224, USA

Diets rich in vegetables and fruits are associated with
reduced risk of several major dissases, including neuro-
degenerative disorders. Although soeme beneficial 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 dissuade
insects and other predators] that, at subtoxic doses,
activate adaptive cellular stress-response pathways in
a variaty of cells including neurons. Examples of such
‘preconditioning’ or ‘neurchormesis’ pathways include
those involving cell-survival signaling kinases, the tran-
scription factors NRF2 and CREB, and histone deacety-
lasas of the sirtuin family. In these ways, neurohormatic
phytochemicals such as resveratrol, sulforaphanes and
curcumnin might protect neurons against injury and dis-
ease by stimulating the production of antioxidant
enzymes, neurotrophic factors, protein chaperones
and other proteins that help cells to withstand stress,
Thus, as we discuss in this review, highly conserved
longevity and survival pathways in neurons are the
targets of many phytochemicals.

Neurcohormesis: what it is and how it works

Hormesis refers 1o a proceas in which expoaurs 1o a low
dose of an agent that is taxic at higher doses induces a
beneficial effect on the cell or organism. The teros hormesis
has been widely used in the waxicology field, where it is
defined as ‘an adaptive response characterized by biphasic
dose responses of generally similar quantitative features
with respect to amplicude and range of the stimulatory
response that are either directly induced or the result of
compensatary biological processes following an initial dis-
ruption in homeostasis’ (1), This article focuses on "neurs-
hormesis’, which we define as the adaptive process by
which neurons (and hence nervous svstems and arganisms)
respond to a moderate level of stress by enhancing their
ability to resist & more severe stress that might otherwise
be lethal or cause dyvafurnictian or disease (Figure 1). Exam-
ples of neurohormesis include ischemic preconditioning [2]
and adaptive responses of neurons w moderate-intensity
excitatory neurotransmission [3], exercise |4] and dietary
restriction [5]. Several endogenous neurotoxic molecules
can induce neurchormesis, including ni'nt axide 6], car-
ban monexide [7], glutamare (8] and Ca™ [9].

vatiwnEAfgn mis nih gow

& 006 Finnabr 132 Gl rigivtn insaaptven

In most of the cases where aeurchormesis has been
documented and the mechanism investigated, exposire
of neurons wo the hormetic stressor results in changes in
gene expression that appear to mediate stress resistance
(Figure 1). For example, ischemic preconditioning induces
the expression of genes encoding neuroprotective
proteins including protein chaperones such as heat-shock
proteins (HSP) |10], neurotrophic feetors such as brain-
derived newrotrophic factor (BDNF) [11], snti-apoptotic
proteins such as Bel-2 family members [12] and mitochon-
drial uncoupling proteins [13]. Similarly, dietary restric-
ton upregulates the expression of HSP-70, BDNF and
mitochondrial uncoupling proteina [14-16). Transeription
factors that mediate neurchormesis responses 1o various
stresaors include NF-«B, eAMP-response-element-binding
protein (CREB), nuclear factor E2-related factor (NFE2L2,
or NRF2) and hypoxia-inducible factor 1 (HIFL) [17-20],
Additional neurchormetic mechanisms might include mod-
ulation of the expression of proteins involved in the reg-
ulation of oxtidative stress and cellular Ca*™" hnmmquu!.
1211

Health-promoting phytochemicals: an evolutionary
perspective

Why do plant cells contain se many different chemicals
that exert biclogical effects on organisms that ingest them?
Evolutionary considerations sugpest that many of the
phytochemicals with biological activities that are benefi-
cial for mammals evolved as toxins that protect the plants
against insects and other damaging organisms [22]. In
coritrast to motile onganisms. which can éscape predators,
immobile planta discourage predators by concentrating
noxious chemicals in their leaves, flowers and roots. Plants
have been evolving and improving their natural chemical
defenses agrinst predators for hundreds of millions of
years, during which time they developed metabolie path-
ways to produce chemicals that target specific molecules in
the cells of insects and other organisms [23], There are
thousands of sueh blopeaticides’, which include numerous
classes of molecular structures [22]. Examples include:
flavonoids such as rotenone and myriceting terpenoids such
as frarnesol and camphor; alkaloida such as strychnine,
nicotine and caffeine; indoles such as indole-3-acetonitrile;
glucosinelates such as 2-peatylethyl isothiocyanate; cou-
maring such as xanthotoxin and coumarin; phenylpropa-
nols such as myristicin and eugenol; and cardenolides such

2 i 48 R B rine 3026 0 04

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.



MONTREAL COGNITIVE ASSESSMENT (MOCA) Education : Date of birth :
Sex : DATE :
Copy | oraw cLock (ren past ceven)
cube (3 points )
/s
_/3
Read Nst of words, subject FACE | VELVET | CHURCH | DAISY | RED
must repeat them, Do 2 triaks. wral No
Do arecall after s minutes. L
ATTENTION Read Mstof dights {1 digit/ sec).  Subject hastorepeatthemintheforwardorder [ ] 2185 4
Subject has to repeat them in the backwardorder [ ] 7 4 2 _ /e
Read Hst of letters. The subject must tap with his hand at sach letter A No points #f 2 2 erroms
[ ] FBACMNAAIKLBAFAKDEAAAJAMOFAAB | /1
Serlal 7 subtraction starting at oo [ 193 [ 186 [ 17 [1n [1ss
4 015 corvect yubtractions: 3 pts, 200 § comect: 2 pis, 1 correct: 4 pt, o comact: 0 pt _f3
m Repeat : | only know that John is the one to help today. [ |
The cat always hid under the couch when dogs were in the room. [ | /2
Fluency / Name maximum number of words In one minute that begin with the letter F [ ] (N 2 n words) _}'1
LU a e LB similarity between e.g. banana - orange = frult [ ] train - bicycle [ ] watch - ruler _ /2
DELAYED RECALL Has torscallwords | FACE VELVET | CHURCH | DAISY | RED | Pointifer /s
UNCUED —
wiinocue | [ ] [] [] [] | 1] | wanewy
Category cue
Optional o
OR ATIO [ ]oate [ ]Mmonth [ ]vear [ ]oay [ ]riace [ lcity _J&
__f30

& 2 Nosreddine MD  Virsion Movember 7, 2004 Nermal2 26730 | TOTAL
www.mocatest.org

Add 1 point if S 12 yr sdu )

MOCA
24 out of 30
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YOUR RESULT: E4/E4

0000

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

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

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

YOURRESULT: CC

0000 [0

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

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

Individuals with the C allele should follow a diet to reduce
inflammation that includes increasing n-3 fatty acids,
decreasing saturated fatty acids, and increasing dietary
antioxidants. A healthy weight and avoidance of all
smoking is also imperative in managing inflammation.
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TESTS RESULT FLAG UNITS REFERENCE INTERVAL
HSV 1 and 2-Spec Ab, IgG w/Rfx

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

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

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

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

Trans. Growth Fact. beta 1% 1986 pg/mL 867 - 6662
The result is reported in pg/mL. The assay range is
approximately 98 to 400,000. The reference range for a
healthy population is B867-6662. However it should be noted
that these ranges are cobtained from a limited population
of apparently healthy adults and are not diagnostic
thresholds.
*This test was developed and its performance
characteristics determined by Viracor Eurofins. It has not
been cleared or approved by the U.S. Food and Drug

Administration.

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

Low <1.00

Average 1.00 - 3.00

High >3.00

Interleukin-6, Plasma 1.3 pg/mL 0.0 - 12.2

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

HSV, IgM I/II Combination 0.96 High Ratio 0.00 - 0.90
Negative <0.91
BEquivocal 0.921 - 1.09
Positive >1.09

Triiodothyronine (T3) 101 ng/dL 71 - 180

LAB

01

01

04

02

01

02

01

01

Vitamin D 19
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Glucose X3+Hb Alc+Insulin X3

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

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

TESTS RESULT FLAG UNITS REFERENCE INTERVAL LAB

Hemoglobin Alc 5.4 % 4.8 - 5.6 01

Please Note: 01

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

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

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

HNK1l (CD57) Panel

% CD8-/CD57+ Lymphs 2.6 % 2.0 - 17.0 01
This test was develcped and its performance characteristics
been cleared or approved
by the Food and Drug Admlnlstratlon
Abs.CD8-CD57+ Lymphs 36 /uL 60 - 360
This test was developed and its per erfCce characteristics
5 - been cleared or approved
by the Food and Drug Adminlstratlon.
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Toxic Metals; Urine

Toxic Metals; Urine

RESULT REFERENCE TN RESULY REFERENCE

wgig creat INTERVAL REFERENCE | £ UTSINE REFERENCE 1g/g creat INTERVAL
Aluminum (A} 3 < 15 Alurinum (Al L&) = k]
Antimony (Sb) <dl < 0.2 | = Antimany (Sh) 0.7 < 0.2
Arsenic (As) 9 < 80 j— a Arsenic (4s) 45 < B0
Barium (Ba) 34 < L - Barium (Ba) 6.9 < 7
Benylium (Be) <dl < L Beryllium (Be) <dl 1
Bismuth (Bi) <dl * 4 Bismuth (Bi) 0.2 < 4
Eadmiim (Cd) 53 5 o pmewn |, Cadmium (Cd) 08 < 1
z::oll-r':iurn Eg::] :m : nf: Cesium {Cs) 7.3 < 10
Lead (FD) 3 = 0 Gadalinium (Gd) < di % 0.8
Mercury (Ha) 1.5 < o f— Ld i) 79 < 2
Nicke| (i) 39 S U0 — Mercury {Hg) 44 i !
Palladium (Pd) P < 0.3 Nickel {Ni) 39 < 10
Platinum ] <dl < 0.1 FPalladium (Pd) <dl < 0.3
Tellurium (Te) <dl € 0.5 Platinum (Pt <di & 0.1
Thallium () 04 = 0.5 e—— . Tellurium (Te) <dl < 0.5
Thorium (Th) <dl < 9.0 L Thallium (Tl 0.5 0.5
Tin (Sn) 0.6 < S M Tharium (Th) <dl < 0.03
Thngelan i) =dl B Tin (8n) 48 < 5
Kok ) = = Tungsten (W) 02 < 0.4

Uranium () <dl < e | e
RESULT REFERENCE
gl INTERVAL 0T AN el S
Creatinine 523 3n- 225 — RESULT REFERENCE
mgldL INTERVAL 280 150 [wean]  +18D +28D
Creatining 45.3 30- 225 —

Baseline

SPECIMEN DATA

Comments: Result Checked.

[Cate Collected: 12/13/2018 pH upon receipt: Acceptable Collection Period: timed: & hours
Date Received: 12/15/2018 =dl: less than detection limit Volume:

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

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

Post Provocation with DMPS 500mg
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Hormone Testing Summary

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

aﬁopa U-Sa‘#

&,

2.3 14.0

Postmenopausal

range —gp- Estradiol(E2) Progesterone

(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

Total DHEA Production
ﬁNd o o 500 3000
on . .
€ Daily Free Cortisol Pattern 2,;?_39 130{?_3000
_‘_é_‘zw 40-60 750-2000
>60 500-1200 Total DHEA Production

._%mm (DHEAS + Etiocholanolone + Androsterone)
E Patient Values th
3 <

120 S

60

Low Range Limt 24hr Free Cortisol cortisol Metabolized Cortisol (THF+THE)

Waking (A) Morning (B) Aiternoon (C) Night ) (A+B+C+D) metabolism (Total Cortisol Production)

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

-

f Pregnenolone } *_
i Q This result is a
E c welghted average
Q =] of twa progesterone
. metabolites (below).
=] @ Progesterone s
E ‘ FAT50 ) ""“"'I‘:'_:;:“:‘:"_ measured indirectly
= v (7] In urine.
C DHEA ——9P» OHEAS @ Prcgestemne
< o
o
T
2.3 140 |B
i
v 15.50
Androstenedione —— P Testosterone b-Fregnanediol a-Pregnanediol

5N\

oo oo 200 1650
1070 ! b.6-4.0

Etiochalanolone Androsterone P;A4
Estrone(E1) H Estradiol(E2) ——p Estriol(E3)
primary estrogens (E1, E2. E3)

50 preference Sa Preference
landrogenic)
Sa-Reductase Activity 2
@ 01 AN g pg | D260
Sa-metabolismmakes androgens more potent, mast =1 0208
notably Sa-DHT is the most potent testosterone metabolite | £
| = 16-0H-E1 Phase 1 Estrogen Metabolism Ratios
Age-Dependent Ranges ﬁ g
Age  DHEA-S Age  Androsterone (Ui ¢
20-39  60-750 -39 650-1650
40-60 30-350 40-60 360-1000 -
=60 20150 =60 200-600 o
~ Patient %--t-m-i [ pYAeT]
b - g Percentages 1'5 4% 9.9% 147%
2 39 I_'f:“mmm ‘339 450390,0"“ ne = Expected  GOBOW 7.5-11% 1330%
40-60 38 40-60  300-B0O = Percentages (2-0H) (4-0H)  (16-08)
=60 2363 =60 200-500 E

Glutathione detox

s 2 \" —

High - GQUINOMNE
2.50 4 -‘-————-COMT 5.10 Ko ML 1310 (reactive)
methylation
Mthylalb ﬂw 8.31.4 4.3-1.8
L n-a 2-Methoxy-E1 2-0H-E1
2-Methoxy/2-OH 4

Methylation detox
4-OH-E1

I not detox fied, 4-OH-E1 can
bind to and damage DNA
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sTRESS

Stress {(or inflammation)

causes the brain o release ACTH,
| Age Ran

which stimulates the adrenal glands s 130830(}0

to make homones 40-60  750-2000
=60 500-1200

Total DHEA Production

CRH

10
5

Melatonin® (Waking) 500 3000

Total DHEA Production

DHEA (DHEAS + Etiocholanclone + Androsterone}

R @
L6500

Metabolized Cortisol (THF + THE)
Cory; Cortisol Metabolism _,  (Total Cortisol Production)

Adrenal Gland

More cortisone More cortisol
metabolites (THE) |_J) metabolites (THE)
o NOTE! This 1 15-HSD index measures the balanca of corlsel and eortions matabolles
which st reflects the overall Balands of active caitiial and Inadthe ortions !!’Il*'\"b!‘)
. *gh
§m Daily Free Cortisone Pattern £ Daily Free Cortisol Pattern
E €
H E
:!m
Pationt Valugi ,'M
§ Ra
50 “on
[ ]
? iaking (&) Marning (8] Aftarnaon (C) WghtiD)  ° Waking @) Morring (8) Riternean (C) Wight (D}

sone intercanyar 4
by .py
50

con
s
mﬂ“b
220 A BO 4
LA 230

24hr Free Cortisone 24hr Free Contisol
BB+ C+0) [A+B+C+)

The first value reported (Making "A®) for cartisol 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 for the times collected). W call
this value "A1" and the value from the sample collected at waking "A2." These values are used to create a “time.weighted average” to create the
“A" value, The individual values are listed here for your use:

The Mldda-nf-thn-nlw "AL" umpla registered a cortisol value of 58.3ng/mg.
by iy S B 'godugc:i: iy B Sep e L nt of time each nts, to create the "A" value of approximatel

o values are avera [ accou & amount o @ e one represents, to crea A" value of a

56.5ng/mg that you will see on the report. o . y
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MYPERIOPATH -?—) OoraLDNA LaBs
ks, o

Ordering Provider
Todd LePine MD

55 Pittsfield RoadSuite 9
Lenox.MA 01240
413-637-999

MYPERIOPATH MOLECULAR ANALYSIS OF PERIODONTAL AND SYSTEMIC PATHOGENS
Results

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

Legend: The re

quantification (L

Interpretation of Results

Tha limit of

iterin leg10

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

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

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

Treatment Considerations: to be determined by the healthcare professional

* Mechanical/Debridement: Scaling and root planing (SRP) is a mainstay of therapy to disrupt biofilm, remove plaque and debride compromised
tissue. This patient harbors a series of pathogens (B, B} that may be refractory to this treatment.

* Local Antibiotics and Chemical Hygiene: As an adjunct to SRP, sub-antimicrobial doses of doxycycling hyclate lower collagenase activity and
reduce periodontal pocket depth. Alternatively, locally delivered antimicrobial agents (LDA) including minocycline microspheres, doxycycline hyclate
in an absorbable polymer, or chlorhexidine in a gelatin matrix have been shown to decrease pocket depth modestly.

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

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

* Probiotics and Prebiotics: Probiotics are live, beneficial bacteria, typically administered as a food or dietary supplement. Prebiotics are
nan-digestible ingredients that promote growth of commensal bacteria. Research shows that prebiotics and probiotics control the growth of
pathogens and reverse lissue desftruction caused by periodontitis.

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

Follow up Recommendations

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

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

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

Clinical Considerations

Reason for Test Clinical .

] Not Provided

Not Provided

Systemic Effects of Oral Pathogens

@

—

Ec|

| i

v Periodontal Classification: Mot Provided

] Tooth Numbers | | | |
Pockel Depths(mm) | | |

[En|

‘b OraLDNA LaBs

@ Innovations in Salivary Diagnostics

Medical Histor

Not Provided

i

!.F"]r
Joint and
Cancer Cardiovascular Health  Musculoskele %”"f"ﬂ“ ']'t"h" Metabolic Health  Healthy Pregnancy
Health VA
Chronic gum disease, Select bacteria such as The periodontal Recent Obesity, lack of exercise Bacteria associated
involving B R m E. B EOERBO:E bactera @ s 3 medical and chronic gum with gum disease,
& [ is a risk factor for the  can leak from blood are a cause of sludies point to  disease involving the especially B, K, B,
development of certain vessels in the gums and arthritis. The oral poor oral bacteria . [+« 1> @ and @ are
cancers including ones travel o the hearl, where  inflammation caused health, and & [ cause chronic known to put a
involving the pancreas, cholesterol and other by these bacteriaalso  high levels of  inflammation, pregnancy at risk for
esophagus, colon, lungs,  lipids deposit. These leads to total body the bacteria Inflammation can pre-term birth,
and the head and neck. bacteria can incite inflammation which, BE 8 damage the pancreas decreased birth waight
Additionally, untreated inflammation in arteries, combined with our gums, where insulin is and even blood
gum disease is acause of and if occluded, causea  changes in a person's  increasing the  produced, possibly infection in the
ongoing inflammation, heart attack. A goal of immunity, may result  risk of leading 1o diabetes. placenta or newbom.
which may promote the treatment is to minimize in chronic joint developing Also, diabetes worsens  Every pregnant
advancing growth of the levels of these diseases like dementias oral health by increasing woman should be
tumors. bacteria as much and as  rheumatoid arthritis. such as the level of harmiul lested for these
long as possible. Alzheimer's. bacteria in the gums. harmiul bacteria.
spoecfic bacterin [Aa: Aggregatibacter actinomyeolemeomilans, Pg: Porphyromonas

Thig test was tknr(-luw.-rl .||'|1 |I.=,

Methedelogy Gd.-nmnu' DMA is axtracted from the submitted samplo and tested for 10 specio
5 lig, Tf Eubacterdum nodatum, Fn; Fus

rmance characie

pacterium nuclealum/par
ang] and 1 L']('r\ 5 of bad urln[ o8 G ;pr\n: ,.ruphm:'p CJ

HJL(

g ¥ ad by L’H nl"\J-..p’\l |b\ purguant m l."l 1A |uqu|r(-'1|r| 15, Thig est has not bean ¢
and Drug Adminisiration. The FDA has determined thal such clearance or approval is nol necessarny

um, Pi; Prevolella |
|:]||‘-1.nr.|u ochraces,

|“.'[|"I|L'IJ|.I

apr wwluhl W0 gran. vﬂ:)rl ar u1 Capnocyiophaga I adbetter|
leared or approved by the U.S. Food
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Toxic & Essential Elements; Hair

TOXIC METALS

RESULT REFERENCE PERCENTILE
uglg INTERVAL i gs™"
Aluminum (Al) 1.6 < 7.0 M B
Antimony (Shb}) < 0.01 < 0.050
Arsenic (As) <0.01 < 0.060 ] B
Barium (Ba) 0.82 < 2.0 |
Beryllium (Be) <0.01 < 0.020
Bismuth (Bi) 0.88 <
Cadmium (Cd) < 0.009 <
| Lead (Pb) 0.18 <
Mercury {Hg) 1.2 <
Platinum (Pt) < 0.003 <
Thallium (Thy < 0.001 <
Thorium (Th) < 0.001 <
Uranium (U) 0.001 <
Nickel {Ni) 0.21 <
Silver (Ag) 0.10 <
| Tin (Sn) 0.08 <
Titanium (Ti) 0.37 <

Total Toxic Representation

ESSENTIAL AND OTHER ELEMENTS

RESULT REFERENCE PERCENTILE
ualg INTERVAL 25" 16" [50%] 84"  o7.8"
Calcium (Ca) 3660 300- 1200
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 (V) 0.010 0.018- 0.065
Molybdenum (Mo} < 0.01 0.020- 0.050
Boron (B) 0.19 0.25~- 1.5
lodine (1) 0.34 0.25- 1.8
Lithium (Li) 0.009 0.007- 0.020
| Phosphorus (P) 147 150- 220
Selenium (Se) 0.32 0.55= 1.1
Strontium (Sr) 21 0.50- 7.6
Sulfur (S) 47700 44000- 50000
Cobalt (Co) 0.045 0.005- 0.040
Iron (Fe) 12 7.0- 16
Germanium (Ge) 0.035 0.030- 0.040
Rubidium (Rb) 0.013 0.007- 0.096
Zirconium (Zr) 0.12 0.020- 0.42




U”GI Map Stool quantitative PCR, stool test

B e

Ordered by: Todd LePine, MD

Pathogens

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. coli stx1 <dl <1.00e3
Shiga-like Toxin E. colistx2 <dl <1.00e3
Salmonella <dl <1.00e4
Vibrio cholerae <dI <1.00e5
Yersinia enterocolitica <dl <1.00e5
Parasitic Pathogens Result Normal
Cryptosporidium <dl <1.00e6
Entamoeba histolytica <dl| <1.00e4
Giardia 3.05e2 <5.00e3
Viral Pathogens Result Normal
Adenovirus 40/41 <dl <1.00e10

Norovirus Gl/lI <dl <1.00e7



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

Virulence Factor, virD

Result
2.8e4 High

Negative
Negative
Negative
Positive

Negative
Negative
Negative

Negative

Normal
<1.0e3

Negative
Negative
Negative
Negative
Negative
Negative
Negative

Negative

Normal Bacterial Flora

Result Normal
Bacteroides fragilis 8.0e9 1.60e9 - 2.50e11
Bifidobacterium spp. 2.1e9 >6.70e7
Enterococcus spp. 4.3e5 1.9e5 - 2.00e8
Escherichia spp. 1.8e8 3.70e6 - 3.80e9
Lactebacillus spp. 1.9e6 8.6e5 - 6.20e8
Clostridium spp. 2.52e5 1.20e3 - 1.00e6
Enterobacter spp. 4.63e6 1.00e6 - 5.00e7
Phyla Microbiota Result Normal
Bacteroidetes 2.89%e12 861e11-3.31e12
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
Mearganelia spp. <dl <1.00e3
Pseudomonas spp. <d| <1.00e4
Pseudomonas aeruginosa <dl <5.00e2
Staphylocoecus 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 <d| <5.00e5
Klebsielia spp. <dI <5.00e3
Klebsiella pneumoniae 1.13e4 <5.00e4
M. avium subsp. paratuberculosis <dl <5.00e3
Prevotella copri <dl <1.00e?
Proteus spp. <d| <5.00e4
Froteus mirabilis <dl <1.00e3
Result Normal
Candida spp. <dl <5.00e3
Candida albicans <dl <5.00e2
Geotrichum spp. <dl <3.00e2
Microsparidium spp. <dI <5.00e3
Rodotorula spp. <dI <1.00e3
Result Normal
Cytomegalovirus <d| <1.00e5

Epstein Barr Virus <dl <1.00e7 168




Parasites

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

Intestinal Health

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

Gl Markers Result Normal
b-Glucuronidase 3168 High <2486 U/mL
Occult Blood - FIT 0 <10 ugl/g
Immune Response Result Normal
Secretory IgA 5453 High 510 - 2010 ug/g
Anti-gliadin IgA 132 0-157 UIL
Inflammation Result Normal
Calprotectin 232 High <173 uglg
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Wheat IgG
Wheat IgA
Wheat Germ Agglutinin IgG
Wheat Germ Agglutinin IgA
Non-Gluten Proteins A IgG

Array 3X - Wheat/Gluten Proteome Reactivity & Autoimmunity

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

Non-Gluten Proteins B IgA

Gliadin Toxic Peptides IgG

Gliadin Toxic Peptides IgA

Native & 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

OmaQa Gliadin 17-mer IQA

Glutenin 21-mer IgG

Glutenin 21-mer IgA

Gluteomorphin + Prodynorphin IgG
Gluteomorphin + Prodynorphin IgA

Gliadin-Transglutaminase Complex 1gG
Gliadin-Transglutaminase Complex IgA
Microbial Transglutaminase lgG
Microbial Transglutaminase IgA
Transglutaminase-2 IgG
Transglutaminase-2 IgA
Transglutaminase-3 IgG
Transglutaminase-3 IgA
Transglutaminase-6 I1gG

ﬂsgﬂmamhase—& IgA

.3

p- R féa;'fs: : o o 0 o o ol o s=; oo
d80885883080E08830068833830888888

REFERENCE
(ELISA Index)

0.3-1.5
0.1-1.2
0.4-1.3
0.2-1.1
0.2-2.1

0.2-2.1
0219

0.2-21
0.2-1.9
0.2-1.8
0.2-1.2
0.1-1.1
0.1-1.5
0.1-1.1
05-1.5
0.1-1.0
0.3-1.2
0.1-1.2
0.1-1.5
0.1-1.3

0.3-1.2
0.1-1.2

0.3-1.4
0215
02-18
02-23
0.3-1.6
0.1-1.6
0.2-1.6
0.1-1.5
0.2-15

0.1-1.5
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Array 2 - Intestinal Antigenic Permeability Screen

Actomyosin IgA **
Occludin/Zonulin 1gG
Occludin/Zonulin IgA
Occludin/Zonulin IgM
Lipopolysaocharidés (LPS) IgG
Lipopolysaccharides (LPS) IgA
Lipopolysaccharides (LPS) IgM

EQUIVOCAL*  OUT OF

 1.63 |

1.56

REFERENCE
(ELISA Index)

0.0-20
0.2-1.5
0.1-1.8
0.1-2.1
0.1-1.6
0.1-1.8
0.1-2.0
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Analysis

Result Units

Reference Range

Chart

ooyt Lol

Haematology *

Blood count

Leucocytes 4,62
Erythrocytes 4,92
Hemocglobin 14,6
Hematocrit + 49,20
Mcv 100,00
MCH 29,70
MCHC 29,70
Thrombocytes 217,00
Differential Blood count
Neutroph. Granulocytes 55,40
Lymphocytes 33,10
Monocytes 6,10
Eosin. Granulocytes 1,30
Basoph. Granulocytes 4,10
Borrelia EliSpot *
Borrelia b. Full Antigen 1

0-1 = negative

2-3 = weak positive

> 3 = positive
Borrelia b. 0OSP-Mix 1

0-1 = negative

2-3 = weak positive

>3 = positive
Borrelia burgdorferi LFA-1 1

0-1 = negative

2=3 = weak positive

>3 = positive

Tsd./ul
Mill./ul
g/dl

%

f1l

Pg

g/dl
Tsd./ul

@0 o9 g0 o

SI

SI

SI

4,00

3,96

11,6
35,00
80, 00
26,00
32,00
176,00

40,00
17,00
4,00

The results of the EliSpot tests indicate no current

cellular activities against Borrelia burgdorferi.
R EEEE——n,

- 10,40
= 5,16
- 15,5

- 45,00
- 96,00
- 33,00
- 36,00
- 391,00

- 75,00
- 47,00
- 12,00

[ eianesas *»
[ eeee*ens ]
<E fieseens 1
[ e ]
[ ce*esse ]
[ caesn®ass ]
[ ee*eenns ]
[ e*eeeenn ]
[ eownnana *>
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Explanation of antigens:

Borrelia-burgdorferi Full Antigen: Borrelia burgdorferi B31
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 - 80,00 [ i vaFama
T cells CD3+ (absolute) 1086 /ul 900 - 1900 [ w®oam van )
NK cells CD56+ CD3- (%) 18,98 % 6,00 = 29,00 [ ....*.o.. ]
NK cells CD56+ CD3- (absolute) 290 /ul 60 - 700 [ wa%es aes ]
CD57+ NK-cells (%) 10,56 % B o TEIEE [ Wi wes ]
CD57+ NK-cells (absolute) - 31 /ul 100 - 360 W e e s ]

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

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

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

Doing better now, about 20-30 % better.

going to gym and interacting with others better.
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Treatment Regimen

Start MCT oil 1 tbsp twice a day

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

Start Melatonin 3mg QHS

Start PhytoMulti 2/day with active folate

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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QUICKSILVER
\\‘\\3 SCIENT El1C

Taken Arnived Analyzed
B2420M19  &RT2019 V22018
(Date Of Birth g 7TI1e47 NA NA NA

Blood Results

Physician Name Todd LePine

Blood Mercury Comparison

MeHg
o 2 4 B a 10 12
Hall _
| 3 : - =
1} 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
W34S
HQT QCOC Average
B80S Averags
V] 2 4 ] B 10 12
Concentration of Mercury (ng/mL or uglL)
Reference Ranges
esults (ng/ml) QS a=1011; COC n=1928 Percentile
B/24/2019 NA % Change | Source Range Average S0th 75th  80th  95th
Mathyimercuny— MaHg B.74 NA NA as =0.003 10 23.3 1.85 12 28 54 74
Inarganic Mercury— Hall 0.235 MNA NA as <0.007101.75 | 0138 0.0 019 0.32 046
Surm— HgT 8.98 NA NA coC 00381099 | 0833 07 17
Blood Reference Values: Cuicksiver Scientific (O5) Data represents 1011 males and femases thal have ulilzed our testing. CDC data regresents 1928 females, ages 16 1 42
Q5 bigod Hyg concantralions am highar that COC bocause 05 analyzes blood a population thil alveady suspacls memury toxicily.
Data and Analysis Information: Manmury speciation was performad al Quicksiver Scientific. and all vakies are in concartrabions of ng Hg par ml of blood

Urine Results Hair Results
Indication of Inorganic Mercury Excretion Ability Indication of Methylmercury Excretion Ability
V500
5| EEL
o -
% s { 2 e
-]
E a E
= 2250
2 £
-] = 5
£ . g 1500
=
15
o - 1 r
0.05 0 ] 0.45 085 088 0 2 4 [ 8 2
Blood Hgll (rig/miL| Blood MeHg (ng/mL)
Legend Hgll (ng/mL) g (ng
A) Avorage Excretion: Mercury outpul i avesngs of abave —_—
MATngE whisn al & roso of o east 3750 HgT in hair o MeHg n
biood are £.5 1 Mg T in urme 1o Mg ibhood p
H) Below Avernge Excration: Marcury oulpul is below nvmcags Urine Results (ng/mL) Hair (nalg)
WhilF 18 Lisus Hy compansans 840 Below 1 alics manbannd abov
{rod are) 6/24/2019 NA YChange 6/24/2019
Methylmencury— Mekg <0.005 MNA m MNA
Inomganic kMercury— Hagll 0.019 NA A
Sum— HgT 0.019 NA 1477
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Treatment Regimen

Start HepatoThera Forte 1 cap/day

Start Liposomal Glutathione 2 pumps BID

Start DMSA 250 mg, 2 capsules three times a day for 3
days every other week, 3 months then stop.



MYPERIOPROGRESS ‘b OrALDNA LABS
SON OF RESULTS = \‘& Innoviations in Salivary Diagnostics

COMPARISON OF TEST RESULTS
MyPerioPath - Previous Result

High Risk Pathogens Moderate Risk Pathogens Low Risk Pathogens

MyPerioPath - Current Result
High Risk Pathogens

Summary of Results
i : s = T : Previous Current
Since patient's last test on 12/11/2018: Clinical Comparison 151142018l 0711712018
* Of concern, since the last test submitted 7 months 6 Total # Bacteria Present 7 9
days ago, the clinical management of this patient has Total # Bacteria Above Threshold 3 5

resulted in 34% increase in periodontal pathogen
(burden) load.

* The results show an increase in the level of the red qn,

Deepest Pocket

Localized Infection

&) . orange (1, [, B, B8, &) complex pathogens. Generalized Infection
This increase in the bacterial level may be due to a prolonged time since the last Inflammation/Redness

testing, the failure of treatment, or changes in the patients general state of health.

; . " S Bleading on Probing
* These results would likely not be associated with a reduction in either oral or

R|O0O|OOO;|0o|
B|OO0O;o00)

systemic inflammation. Consequences of high pathogenic bacteria present for Bone Loss
years and decades add significantly to the risk of life threatening diseases beyond Discharge
the mouth.
z i ; Halitosis/Malodor
* For most treatment protocols, the maximal reduction in pathogen (burden) load is -
observed when follow-up testing is performed between 6-12 weeks. This sample Not Provided

was collected at 31 weeks 1 day from the previous test.
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A follow-up test is recommended to monitor the effectiveness of current treatments and to determine the type and frequency of future care.



Seven Month Follow up Appointment

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

solving and planning 1s still difficult

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

take care of her own medications/supplements.

Rec. F/U with integrative dentist to address

periodontal disease more aggressively



Take Home Pearls
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