DISEASE DEFINITION

m Disease 1s a fluid concept influenced by societal
and cultural

attitudes that change with time and in response to new
scientific and medical discoveries.




SYYMPTOM BASED DEFINITION

m Historically, doctors defined a disease

according to a cluster of symptoms. As their clinical
descriptions became more sophisticated, they
started to classify diseases into separate groups, and
from this medical taxonomy came new insights
into disease etiology




DIAGNOSIS

m Diagnosis 1s the act of labeling someone as
diseased through clinical, laboratory, and
pathological findings, combined with clinical
knowledge and judgment.

m Disease 1s generally considered to

be an attribute of a patient, whereas diagnosis 1s the
belief that the patient has a disease, a belief that
may or may not be true.




DIAGNOSES

m Diagnoses are intended to inform
patients and to tell clinicians who and how to treat.

m Labeling someone as "diseased," however, has
enormous individual, social, financial, and physical
implications. Irrespective of disease symptoms, the
label 1tself may lead to significant distress




m Boorse defines disease as "a type of

internal state which 1s either an impairment of
normal functional ability--that 1s, a reduction of
one or more functional abilities below typical

efficiency--or a limitation on functional ability
caused by environmental agents."

This type of philosophical definition 1s impractical
clinically




m Nominalists label symptoms with a disease name,
such schizophrenia, and do not offer an explanation

of the underlying etiology.
m Essentialists argue that for every disease there 1s an

underlying pathological etiology and that the
disease state should be defined by the essential

lesion




DIAGNOSES

m Scadding suggests that diseases defined according
to the essentialist tradition may be "precisely
wrong," whereas those defined in the nominalist
traditional may be "roughly accurate”, labeling the
disease state according to only the phenotype
(symptoms) or the CAUSE(genetic abnormality) 1s
unsatisfactory




DISEASE

m disease 1s a state that places individuals at increased
risk of adverse consequences clinical criteria and
genetic abnormalities can be used to define a
disease state, and the choice of definition will vary

according to what one wishes to achieve .




m When determining states

that are associated with disease, the challenge 1s to
describe potential adverse outcomes
comprehensively and explicitly. Criteria defining

which individuals are diseased are important
because abnormalities, EG:elevated blood pressure,
may occur in otherwise asymptomatic patients




Tryptophan hydroxylase (TPH)

belongs to a superfamily of

aromatic amino acid hydroxylases

Tryptophan —» S5-HTP ——— Serotonin + Melatonin
BH4 & Fe?

Tyrosine — > L-DOPA —» Dopamine + Norepinephrine
BH4 & Fe? . .
Epinephrine

Phenylanaline ——— Tyrosine
BH4 & Fe?*
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Regulatory domain Catalytic domain Tetramerization domain




Regulation of Serotonin Neurotransmission

1. Synthesis (TPH)

2. Storage (VMAT)

3. Release

4. Re-uptake (SERT)

5. Action (serotonin receptors)

6. Degradation (monoamine oxidases)




TPH is the rate-limiting enzyme in
serotonin synthesis
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Previous Project in Marc Caron Lab:

Tissue-specific Expression in Brain Serotonergic
Neurons Using TPH Promoter




Synthesis of Serotonin by a Second
Tryptophan Hydroxylase Isoform

Diego ). Walther,'* Jens-Uwe Peter,’ Saleh Bashammakh,’
Heide Hortnagl,?2 Mechthild Voits,2 Heidrun Fink,? Michael Bader™*

Science 299, 76 (2003)
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* Human TPH1 and TPH2 share 72% amino acid identity
 TPH2 (Chromosome 12q21.1) vs. TPH1 (Chromosome 11p14-15.3)




Potential Role of Pro*’ (Pro*» in hTPH1)
in TPH2 Enzyme Activity

Catalvtic Domain

{(Pro¥ ¥ innrPH1)
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Adapted from predicted TPHI1 structure
J. Mol. Biol. 302, 1005-1017 (2000)

Plasmid Enzyme
PHTPHZ Wi (1-444) b — 44

phTPH7 165-444
phTPH10 92-444

phTPH3 1-333

phTPH11

phTPH17

Proc. Natl. Acad. Sci. USA 91, 6659-6663 (1994)




Expression of mTph2P and mTph2R in PC12 cells

PC12 stable cell line

mock mTph2P mTph2R
kDa 123 123

66 HA-mTPH2
53 -m
45 Actin

mTph2P: P447
mTph2R: R447
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* PC12 cells endogenously express TH, AADC, VMAT and DBH.

» PC12 cells synthesize dopamine and norepinephrine
and store neurotransmitters in vesicles.




SNP genotyping in different inbred mouse strains
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Brain serotonin tissue content
and rate of synthesis in mice
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129X1/Sv], C57Bl/61J: mTph2¢C, mTph2P
BALB/cJ, DBA/2J: mTph26/G, mTph2R




Summary

* We have identified a (C1473G) SNP in the coding region of
neuronal-specific Tph2 in inbred mouse strains.

« mTph2 (P447R) significantly decreases serotonin synthesis
in vitro and in vivo.

* This is the first evidence that serotonin synthesis in CNS is
mediated by Tph2.
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Initial Screening for SNP in 7PH?2
Qoo

* Search for (C1486G) SNP (Pro449Arg) in human 7PH2
* Sequence all 11 exons to identify additional SNPs

Study Group:

« ~300 adults without psychiatric disorders

« recruited from the community for participating in a study of
psychosocial and behavioral risk in lower social-
economical characteristic study groups

* aggressive behavior

* low 5-hydroxyindoleacetic acid (5-HIAA), a major serotonin
metabolite, in the cerebrospinal fluid (CSF)

R. B. Williams et al., Neuropsychopharmacology 28, 533 (2003).




Identification of (G1463A) SNP in hTPH?2

142 1463 1614
| | |

hTEHZ Rd41/G=-allele: ATG. .....TCA ATT ACC CGT CCC TTC TCR......TGA

hTPHZ H4dl/A-allele: ATG. .....TCA ATT ACC CAT CCOC TIC TCHR......TGA

hTH REYRESRIQRPFEVEFDPY TIAIDVIDS POANVRRSILEGVODELDTIAHAT.SATG
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Mutations in PAH that lead to phenylketonuria (PKU)

* one of the most common inherited disorders
* a genetic condition associated with mutations in the PAH gene

* 477 mutations to date (302 missense mutations)

Rl i Ci.-l.:‘.l e .
L Vi g g g e o o S S Y e R408W is the most common
RAZ Rj Rfid Rfs

m.:::t-mm&{#ffﬂgmmmﬁ mutations in hPAH (~9%) and

. 88 80 8 _ﬂ-_---no-_i
Ro3

L represents the most severe form

2 IE'E"I'I!].I.DF!IMthSfﬂtmﬂhmmm“Eﬂ.ﬂﬂnﬂYFﬂPIFR'!'I:M

".H!Ii f.F.H'Ji FEPEF e EFES, .H.l' [} .Fh—!‘!ﬁ{fgiff!li; O f P KU (]
- . - -maunz?w:w thnurﬁmﬁl M:r iﬂ.-"m::r

.-_,_-’"T'”".""_"' * R408W affects PAH protein
folding, causing complete loss
of protein expression and

m ¥ TYTE FOPLYYVAES B ’;‘!f‘rfﬂz{'r:mp Ty o ° °
AP e 5 s sk enzyme activity.

Tpz Tol
L
2 IEJIHTWFIHDEEHIEIIEE“LQEIK

PKU Database http://www.pahdb.mcgill.ca/




Biochemical characterization of TPH2 (R441H)

Serotonin synthesis

Oligomerization
in PC12 cells
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Table 1. Summary of Subjects Carrving Functional (G1463A) SNP in #TPH2.

Unipolar Major Patient Sex Age Allele Family Suicidality Anxiety SSRI
Depression 1.D. History Response
Patients

N=38T Sertraline 200 myg
ECT
Sertraline 100 myg
ECT
ECT
Bupropion
ECT

Bupronion

E
M
M
M
M
E
E
E

T34 ou arA ™ WIQ agpression

1996 75 GlA + Mild depression

Family histery: family history for mental illness, drug and alcohol abuse

Suicidality: suicidal ideation or attempt

Anxiety: three or more anxiety symptoms

All patients listed above were Caucasians except subject 1541 who was Arican American.
Mutant (1463A) allele was not found in a cohort of 60 hipolar disorder patients.




Summary

 We have identified the first functional (G1463A) SNP
(Arg441His) in the coding region of neuronal-specific
TPH2 in patients with unipolar major depression.

e TPH2 (R441H) exhibits ~80% loss-of-function when
expressed in cell culture systems.

* This is the first direct evidence of the role of serotonin
synthesis in neuropsychiatric disorders .

 Functional SNPs in 7PH2 can be used as genetic markers
for the diagnosis and effective treatment of serotonin-
related neuropsychiatric disorders.
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Tryptophan Hydroxylase-2
Controls Brain Serotonin Synthesis

Hlawdorg Thang, Jsan-Martin Beaulisw, Tatyana D, Sotrikeva,
Faul B Gainstdines, Hare S, Caron®
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Loss-of-Function Mutation in Report
Tryptophan Hydroxylase-2 ldentified
in Unipolar Major Depression
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News Target Brings You The Real Story Behind The News

NEWTS leR G N W About the author:
e ' Author Mike Adams
is a holistic nutritionist

Tuesday, January 04, 2005 commentary:

Health researchers try to blame depression on genes with over 4,000 hours K
study on nutrition, ' ‘
l L |

Mass media continues to distort health sciences with misleading wellness, fOOd toxicolo

headlines like "happiness is controlled by your genes' and the true causes ofdisease and health.
He is well versed on nutritional and
lifestyle therapies for weight loss and
disease prevention / reversal. ... In his
spare time, Adams engages in pilates,
cycling, strength training, gymnastics and
comedy improv training. In the technology
industry, Adams is president and CEO of
a well known email marketing software

Tuesday, January 04, 2005 commentary:

“It's the same old story by conventional medicine: focus on the
genes, the drugs, and surgical procedures. Meanwhile, ignore all
the other factors that don't generate profits such as natural
sunlight -- a powerful anti-depressant treatment. .... That is,
unless you think we were somehow pre-programmed to be
depressed because it's in our genetic code.

It's a preposterous idea, actually. You'd have to be insane to
think our evolutionary path somehow favored genes that actually <2724
cause mental depression.”




Historical Context MCI

Normal Aging Cognitive impairment/
Not demented

BSF Descriptive categories

(Kral, 1962) (Malignant memory loss)
(Kral, 1962)

AAMI* Mild ambiguous Preclinical dementia
(Crook et al. 1986) (Breitner et al 1994) (Reifler 1997; Linn et al 1995)
Borderline dementia Questionable Dementia
ARCD (Clarke et al 1996) (Berg 1988)
(APA 1994)

Mild Cognitive Impairment (GDS 3)
(Reisberg et al 1982)

MCI MCI
(Petersen et al., 1999) (Morris et al 2002)

CIND
(Ebly et al., 1995)

AACD*
(Levy 1994)

MCD

(WHO 1993)

MND
(APA 1994)




- MEMORY COMPLAINT
- MEMORY IMPAIRED FOR AGE

 NORMAL GENERAL COGNITIVE
FUNCTION

- NORMAL ACTIVITIES OF DAILY
LIVING

- NOT DEMENTED



Mild Cognitive Impairment Amnesic
(MCl-a)
(Petersen et al., 1995;1999; 2001)
* Report of cognitive decline/ complaint
 Normal IADLs (CDR 0.5)
« MMSE in normal range (24+)

« Abnormal memory for age (1.5 sd below
age/ed adjusted mean)

» Otherwise normal cognition

* Not demented

* No neurological/ medical explanation
* No psychiatric disorder



Cognitive Impairment No Dementia

(CIND)
(Ebly et al., 1995; Graham et al., 1997)
* Report of cognitive decline

* Objective evidence of difficulty in at least one of
the following (1.5 sd):
— Memory
— Executive function
— Language
— Visuospatial

 May be due to systemic iliness, cerebral disease,
psychiatric disturbance

 Excludes frank dementia

-




Prevalence of Mild Cognitive

Syndromes

» Rates vary across studies from 3.2%- 27%,
underscoring the effect of criteria and their

operationalization:

— 3.2% MCI (Ritchie et al., 2001)

— 5.3% MCI (Hanninen et al., 1996)*

— 6.0% MCI (Lopez, et al., 2003)

— 10.7% CIND (DiCarlo et al., 2000)

— 16.8% CIND (Graham et al., 1997)

— 18.8% MCI/CIND (Lopez et al., 2003)
— 20.9% AACD (Ritchie et al., 2001)

— 23.4% CIND/AACD (Unverzagt et al., 2001)
— 23.5% AACD (Schroder et al., 1998)

— 26.6% AACD (Hanninen et al., 1996)**

**Older sample



Mild Cognitive Impairment (MCI)
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Conversion Rates to Dementia

= Higher rates of conversion to dementia
compared to controls
= 10%-15% year compared
= 1-2% in controls (e.g. Petersen et al., 1999)
= Rates <10% reported for BSF, AAMI, GDS=3, MCD
= Rates>10% found for MCI, AACD,CIND



Conversion Rates to Dementia

= In epidemiological samples, the rates are
somewhat variable depending on a number of
factors, including but not limited to:
= the outcome (dementia, AD)
= criteria for syndrome (MCI, CIND etc)
= operationalization of inclusion criteria (1.0 vs 1.5 sd)

= Consideration of exclusionary factors (e.g. medical
explanations)

= intervals of follow-up (1 yr, 18 mo, 3yrs etc)



Conversion Rates to Dementia

Category Interval Conversion Citation
MCI 3 yrs 0%-11% Ritchie et al
AACD 18%-29% (2001)

MCI 1yr 8.3%" Larrieu et al.
(2002)

CIND/AACD |1.5yrs 26% Unverzagt et al

Vascular 43% (2002)

Subsyndromal 34%

MCI 2.6 yrs 33% Busse et al.

AACD 36%-47% (2003)

CIND 5.0 yrs 47% Tuokko et al.,
2003

* Convert to AD



Stability of Syndromes

Data across studies, indicate considerable
instability in the diagnostic groupings over time.
Possibly due to depression or other medically
iliInesses that remit over the interval

Or artifacts of measurement (e.g. regression to
the mean & ‘test-retest effect’)

Bottom line for inferences about modifiability,
need to keep in mind that some subjects will
revert to ‘normal” without intervention



Modifiable?
Risk Factors for MClI

Suggested risk factors for MCI include but are
not limited to:

— APOE

— low education

— cerebrovascular disease
— low cognitive test scores

— depression

(e.g. Lopez et al.,2003; Archives of Neurology)



Challenges/ Issues

* Group definition (MCI,CIND) and endpoints
— cognitive change
— dementia
 How to operationalize
— which measures to select
— required change (1, 1.5 sd)
— how many tests impaired
— required metric



Challenging Issues

Etiological considerations when designing
metrics

— sensitive to vascular, AD

Methods to study progression
— multiple time points over extended interval
— reliable change metrics

Sample differences:
— clinic, community, population
Effects of selective attrition
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Risk Factors for MCI

« Other antecedent exposures that affect AD risk
may also potential exert a relationship in MCI| &
cognitive change.

— Data from Cache County suggest hormone therapy
(Carlson et al., 2002 Neurology) and some
cardiovascular risk factors- diabetes, Ml (Garrett et al.,
JINS, 2003) affect decline.

 To the extent that some of these factors can be
modified may affect rates of conversion of MCI
to dementia



Progression to dementia: The Cache

County Study

(Tschanz et al., JINS 2003)

« Sample of 4475 subjects categorized into one of
three groups by clinicians (not operationalized
criteria) based on multi-screen assessment
protocol:

— Noncase
— MA/MCI -amnesic
— Other Cognitive Impairment (CIND)

« Same protocol three years later for assessment
of incident dementia



RESULTS

Demographics

MAIMC_I Other Cognitive

amnesic Impairment Non-Case
Males 33 62 1844
Females 51 58 2427
Mean Age (S.D.) 83.46 (6.87) 80.12 (7.37) 74.58 (6.64)
Mean Education (S.D.) 12.81 (3.10) 12.85 (3.02) 13.27 (2.87)
3-Yr. Follow-up (% of 44 (52%) 68 (57%) 3228 (76%)
Baseline Participants)
?O/Y)r Conversion to Dementia | 17 (42.5%) 23 (35.4%) 106 (3.4%)

o




JFDC/

3608 subjects with
MRI and APOE genotype

o

2681 1n the 3 clinics

927 all
Pittsburgh participants

—q—

1192 1dentitied as
“high risk”
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- MCI amnestic- type

= MCI Multiple cognitive domain-type




VICI Arrinestic-tyoe

— e

= Memory deficits; defined as performance >1.5 below: that of
“ndividualsref'comparable age, and education.

= Other domains are normal.

= The memory impairment represent a decline from previous
level of functioning.




VICT multiole cognitive dornzaln-tyos

= Deterioration in'at least one: cognitive domain (not including
“memory).

OR

One abnormal test in at least two domains without
sufficiently severe cognitive function impairment; or less of
IADLs to constitute dementia.

JiE cognitive impairment representiaideclinesfrom

preyious [evererancLoning.
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—A—Age"
Education level
Gender
Race
APOE-4 allele
Neuropsychological measures: SMSE, and DSS”.
Cardiovascular risk factors: Hearnt disease”

Diabetes mellitus®
Hypertension™

O Depression Measures (CES-D)*

0. MRIHfindings: :1992 94) ——

mgtol MRIZ'CES-D: Center for Epidemiological Studies,Depression
cale




Risk factors, for MCl in the CHS

COMort

1 4
VitlaVeaiere Voloj)ee
/

Odds Ratio 95% ClI

African-Americans; 4.4 3.2-5.8

<High school 0.8 61-.99

MRI-identified infarcts: 14 1.1-1.9

Cortical atrophy grade 1.5 1.1-1.8
>5:

DSST closest to MR 1.0 97 - .99

3MSE closestto MRl | 0.9 90 - .95

CES-D >8 closest to 1.5 1.1-19

MR' . . . .
—CES-D—Centerfor Eprdemiotogrcat-Studres BepresstomrScate




1a
L —

MCI-MCDT
OR (95% Cl) OR (95% Cl)

APOE-4 allele | 2.5(1.13-5.69) NA

MRI-identified | 2.3 (1.07 - 5.02) NA
infarcts

3MSE SCO@S .9 (.82 - .96) = 9 (.82 -.91)
— ;“
DSST scores NA 1.0 (.93 -.99)




Mild cognitive
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Progression of Mild Cognitive Impairment

Alzheimer's
disease

Vascular
dementia

Frontotemporal
dementia

Lewy body
dementia

Primary
progressive
aphasia

Depression




MCI Tenets

* Not all MCI represents AD
« All AD patients go through an MCI stage

* AD symptoms progress from MCI to greater
severity of dementia
— “Conversion” (MCI to AD) is a clinical
construct inconsistent with pathobiology
 Clinical methods accurately identify MCI-AT

* Quality of clinical information (informants) and
labelling threshold of clinician determine dx



