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LPHLPH Laboratory of Personalized HealthLaboratory of Personalized Health
Clinical Lab, High Complexity DNA TypingClinical Lab, High Complexity DNA Typing

•• Licensed by                       Licensed by                       
CT Dept of Public HealthCT Dept of Public Health
(CL(CL--0644) 0644) 

•• CLIA registered      CLIA registered      
(ID # 07D1036625 Clinical Laboratory (ID # 07D1036625 Clinical Laboratory 
Improvement Amendments) Improvement Amendments) 
Centers Medicare and Medicaid (CMS)Centers Medicare and Medicaid (CMS)

•• One of the pioneering One of the pioneering 
DNA typing centersDNA typing centers

In operation since October 2005
Cytochrome P450 DNA Typing
HILOmet CYP 2D6, 2C9, 2C19

50 doctors served
300 patients referred
900 DNA Typing tests

LABORATORY OF LABORATORY OF 
PERSONALIZED HEALTHPERSONALIZED HEALTH

LPHH
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Case: Case: Connecticut Medicine, in pressConnecticut Medicine, in press
Patient referred to IOL and LPHPatient referred to IOL and LPH

Somatic Complications of 
Psychotropic Medications in a Patient with

Multiple CYP2 Drug Metabolism Deficiencies

C. Lee Blair, M.D.
Godfrey Pearlson, M.D. 
John W. Goethe, M.D.

Harold I. Schwartz, M.D.
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Case History: SymptomsCase History: Symptoms
Patient referred to IOL and LPHPatient referred to IOL and LPH

A 54-year Caucasian woman with a history of: 
persistent malaise headache muscle tension 
jaw clenching hypervigilance severe anxiety

She had become:She had become:
•• increasingly preoccupied with her somatic conditionincreasingly preoccupied with her somatic condition
•• had stopped working as a well paid professionalhad stopped working as a well paid professional
•• had withdrawn from many of her usual activitieshad withdrawn from many of her usual activities
•• had spent a large amount of time and effort on medical carehad spent a large amount of time and effort on medical care

The patient’s difficulties had developed six years ago: 
• improper installation, heating system leaked volatile fuels
• escalating fear, frustration, increasingly symptomatic
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Case History: 18 Psychotropic DrugsCase History: 18 Psychotropic Drugs
Adverse Drug Reactions and Side EffectsAdverse Drug Reactions and Side Effects

metallic taste
dry mouth
nausea
vomiting
diarrhea

flatulence
sweating

“crawling” feel
insomnia
akathisia
twitching

parasthesias
“fogginess”

WEIGHT GAINWEIGHT GAIN

ANTIANTI--DEPRESSANTSDEPRESSANTS
Sertraline (Zoloft®)
Paroxetine (Paxil®)

Escitalopram (Lexapro®)
Venlafaxine (Effexor® XR)

Citalopram (Celexa®)
Mirtazapine (Remeron®)
Nortriptyline (Pamelor®)

ANTIANTI--PSYCHOTICSPSYCHOTICS
OlanzapineOlanzapine ((ZyprexaZyprexa®®))
Quetiapine (Seroquel®)

Risperidone (Risperdal®)

ANTIANTI--CONVULSANTSCONVULSANTS
Gabapentin (Neurontin®)
Oxcarbazepine (Trileptal®)
Topiramate (Topamax®)

ANXIOANXIO--LYTICSLYTICS
Buspirone (Buspar®)

Clonazepam (Klonopin®)

Diazepam (Valium®)
Lorazepam (Ativan®)

Flurazepam (Dalmane®)
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DNADNA--Guided Drug Therapy Guided Drug Therapy 
HILOmetHILOmet CYPCYP: Traffic Light for Drugs: Traffic Light for Drugs

Excretion

Kidney

Lipophilic Drug

Hydrophilic
Drug Metabolite

Oxidative 
Reactions: 
Hydroxylation 
Demethylation

CYTOCHROME P450CYTOCHROME P450

CYP2C9CYP2C9
CYP2C19 CYP2C19 
CYP2D6CYP2D6

STOPSTOP
Drug ContraindicatedDrug Contraindicated

Low Metabolic capacityLow Metabolic capacity
CAUTIONCAUTION

Drug InteractionsDrug Interactions
Med Metabolic CapacityMed Metabolic Capacity

GOGO
Drug IndicatedDrug Indicated

High Metabolic CapacityHigh Metabolic Capacity

TRAFFIC LIGHT FOR DRUGSTRAFFIC LIGHT FOR DRUGS

OXIDATION
CYPCYPDRUG METABOLITE

HILOmetHILOmet CYPCYPCYP
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Case History: DNA Typing Results Case History: DNA Typing Results 
MultiMulti--gene drug metabolism gene drug metabolism deficiencesdeficiences

2D6 2C9 2C19      

*6*6 *6*6 *1*1 *3*3

_____________________________________________

PatientPatient

_____________________________________________

*1*1 *6*6 *1*1 *2*2 *1*1 *2*2MotherMother

*4*4 *6*6 *2*2 *3*3 *1*1 *1*1

_____________________________________________

FatherFather

*1*1 *2*2

Ruaño, Goethe, Schwartz, Connecticut Medicine  2007
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Case History: DNA Typing Results Case History: DNA Typing Results 
Pedigree Analysis: Inherited DNA TypesPedigree Analysis: Inherited DNA Types

NULL

Functional

Deficient

*1*1 *6*6 *4*4 *6*6

*6*6 *6*6 *4*4 *6*6

2D6

LPH1LPH1 BrotherBrother

MotherMother FatherFather
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Case History: 18 Psychotropic DrugsCase History: 18 Psychotropic Drugs
DNADNA--Guided Drug SelectionGuided Drug Selection

ANTIANTI--DEPRESSANTSDEPRESSANTS
Sertraline (Zoloft®)
Paroxetine (Paxil®)

Escitalopram (Lexapro®)
Venlafaxine (Effexor® XR)

Citalopram (Celexa®)
Mirtazapine (Remeron®)
Nortriptyline (Pamelor®)

ANTIANTI--PSYCHOTICSPSYCHOTICS
Olanzapine (Zyprexa®)
Quetiapine (Seroquel®)

Risperidone (Risperdal®)

ANTIANTI--CONVULSANTSCONVULSANTS
Gabapentin (Neurontin®)
Oxcarbazepine (Trileptal®)
Topiramate (Topamax®)

ANXIOANXIO--LYTICSLYTICS
Buspirone (Buspar®)

Clonazepam (Klonopin®)

Diazepam (Valium®)
Lorazepam (Ativan®)

Flurazepam (Dalmane®)
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Case History: 18 Psychotropic DrugsCase History: 18 Psychotropic Drugs
DNADNA--Guided Drug SelectionGuided Drug Selection

ANTIANTI--DEPRESSANTSDEPRESSANTS
Sertraline (Zoloft®)
ParoxetineParoxetine ((PaxilPaxil®®))

Escitalopram (Lexapro®)
VenlafaxineVenlafaxine ((EffexorEffexor®® XRXR)

Citalopram (Celexa®)
MirtazapineMirtazapine ((RemeronRemeron®®))
NortriptylineNortriptyline ((PamelorPamelor®®))

ANTIANTI--PSYCHOTICSPSYCHOTICS
OlanzapineOlanzapine ((ZyprexaZyprexa®®))
Quetiapine (Seroquel®)

RisperidoneRisperidone ((RisperdalRisperdal®®))

ANTIANTI--CONVULSANTSCONVULSANTS
Gabapentin (Neurontin®)
Oxcarbazepine (Trileptal®)
Topiramate (Topamax®)

ANXIOANXIO--LYTICSLYTICS
Buspirone (Buspar®)

Clonazepam (Klonopin®)

Diazepam (Valium®)
Lorazepam (Ativan®)

Flurazepam (Dalmane®)

High High 
ADR ADR 
RiskRisk

LPH1    LPH1    
is hereis here
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Case History: 18 Psychotropic DrugsCase History: 18 Psychotropic Drugs
DNADNA--Guided Drug SelectionGuided Drug Selection

ANTIANTI--DEPRESSANTSDEPRESSANTS
SertralineSertraline (Zoloft(Zoloft®®))
ParoxetineParoxetine ((PaxilPaxil®®))

EscitalopramEscitalopram ((LexaproLexapro®®))
VenlafaxineVenlafaxine ((EffexorEffexor®® XRXR)

CitalopramCitalopram ((CelexaCelexa®®))
MirtazapineMirtazapine ((RemeronRemeron®®))
NortriptylineNortriptyline ((PamelorPamelor®®))

ANTIANTI--PSYCHOTICSPSYCHOTICS
OlanzapineOlanzapine ((ZyprexaZyprexa®®))
Quetiapine (Seroquel®)

RisperidoneRisperidone ((RisperdalRisperdal®®))

ANTIANTI--CONVULSANTSCONVULSANTS
Gabapentin (Neurontin®)
OxcarbazepineOxcarbazepine ((TrileptalTrileptal®®))
TopiramateTopiramate ((TopamaxTopamax®®))

ANXIOANXIO--LYTICSLYTICS
Buspirone (Buspar®)

Clonazepam (Klonopin®)

DiazepamDiazepam (Valium(Valium®®))
Lorazepam (Ativan®)

Flurazepam (Dalmane®)LPH1    LPH1    
is hereis here

Medium Medium 
ADR ADR 
RiskRisk



15

CYP2D6 Survey at Lipid Clinic, Hartford CYP2D6 Survey at Lipid Clinic, Hartford 
DNADNA--Guided Drug SelectionGuided Drug Selection

1%
UltraUltra

40%
DeficientDeficient

46%
NormalNormal

6%
NullNull

7%
PoorPoor

OXIDATION
CYPCYPDRUG METABOLITE

HILOmetHILOmet CYPCYPCYP

Personalized Medicine 3: 131-137, 2006
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Clinical DNA Typing at HH and IOL Clinical DNA Typing at HH and IOL 
Drug Drug MetabolizerMetabolizer Status CYP2D6Status CYP2D6
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Psychotropic Adverse Drug ReactionsPsychotropic Adverse Drug Reactions
DiMSDiMS: Diabetes + Metabolic Syndromes: Diabetes + Metabolic Syndromes

Clinical ManifestationsClinical Manifestations
• Weight gain
• Increased waist size 
• High Triglycerides 
• Elevated blood glucose
• Diabetes

Current DiagnosticsCurrent Diagnostics
• Body type changes
• Lipid+Glucose Profiles
• Confounders: mental
status, appetite, poly-
pharmacy, compliance
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PhysioGenomicsPhysioGenomics ofof DiMSDiMS: Weight : Weight 
Discovery from Side Effect SpectrumDiscovery from Side Effect Spectrum
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PhysioGenomicsPhysioGenomics Technology Technology 
Proprietary Platform for DNAProprietary Platform for DNA--Guided Medicine Guided Medicine 
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OutcomeOutcome
Highly parallel search for DNA markers with  Highly parallel search for DNA markers with  

frequency dependence on phenotype distribution frequency dependence on phenotype distribution 
Localized Regression Localized Regression (LOWESS: (LOWESS: LOcallyLOcally WEightedWEighted ScatterplotScatterplot Smooth)Smooth)

Ruaño, Holford, Windemuth, Biomedical Engineering Handbook 2006
Holford, Windemuth, Ruaño, Personalized Medicine 2005

NeutralNeutral
MarkersMarkers

M
ar

ke
r

M
ar

ke
r F

re
qu

en
cy

Fr
eq

ue
nc

y Risk Risk 
MarkersMarkers

Protective Protective 
MarkersMarkers



20

20 40 60 80 100 120 140 160

0.
0

0.
2

0.
4

0.
6

APOE rs7412

p = 0.00555726    r^2 = 10.7%

M
ar

ke
r F

re
qu

en
cy

20 40 60 80 100 120 140 160

0.
0

0.
2

0.
4

0.
6

APOA4 rs5092

p = 0.0115931    r^2 =  6.5%

M
ar

ke
r F

re
qu

en
cy

PhysioGenomicsPhysioGenomics of of DiMSDiMS: : Olanzapine Olanzapine 
Discovery from Side Effect Spectrum: WeightDiscovery from Side Effect Spectrum: Weight
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Ruaño, Goethe, de Leon, Molecular Psychiatry 2007
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LEPR
Leptin

Receptor

PhysioGenomicsPhysioGenomics of of DiMSDiMS: : RisperidoneRisperidone
Discovery from Side Effect Spectrum: WeightDiscovery from Side Effect Spectrum: Weight

_______________________________

NPY5R
Neuropeptide
Y receptor Y5

Ruaño, Goethe, de Leon, Molecular Psychiatry, 2007
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PhyzioTypePhyzioType Systems Systems 
Next Generation DNANext Generation DNA--Guided MedicineGuided Medicine

SNP Ensemble, Assays, Algorithms, PortalSNP Ensemble, Assays, Algorithms, Portal

Genotype Genotype 
gene Cgene C

GenotypeGenotype
gene Bgene B

GenotypeGenotype
gene Agene Aαα

ββ

γγ

ADR RiskADR Risk
DNA DNA 
MarkersMarkers

GenotypeGenotype
gene Egene E

GenotypeGenotype
gene Fgene F

GenotypeGenotype
gene Dgene Dδδ

εε

ζζ

ProtectiveProtective
DNA DNA 

MarkersMarkers

P P H Y Z I OH Y Z I O T T Y P EY P E S  S  Y  S  T  E  M  SY  S  T  E  M  S
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PhyzioTypePhyzioType System: System: Psychotropics Psychotropics 
Predicting Predicting OlanzapineOlanzapine Weight, Patient LPH1Weight, Patient LPH1

Side EffectsSide Effects

Side EffectsSafe RespondersSafe Responders

Safe Responders

DNA MARKER
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PhyzioTypePhyzioType System: System: Psychotropics Psychotropics 
Predicting Predicting OlanzapineOlanzapine Weight, Patient LPH1Weight, Patient LPH1

LP
H

1

Patient LPH1 on Patient LPH1 on ZyprexaZyprexa®®

•• Clinical Symptoms:        Clinical Symptoms:        
8 kg weight gain and 8 kg weight gain and 
abnormal lipids abnormal lipids 
••Referred to LPH and IOL Referred to LPH and IOL 
for DNA typing of drug for DNA typing of drug 
metabolism statusmetabolism status
••PhyzioTypePhyzioType Diagnosis: Diagnosis: 
Psychotropic Psychotropic DiMSDiMS



25

12
0 25 30
6

25
7 22 62 22
6

26
1 3 66 15 27 94 30
8

20
7 99 30
2

24
4

19
2

25
2

15
0

16
4

29
2

27
4 37 40 24
6 20 31
3 10 6

24
3

28
1

21
4

27
3 21 56 25
1 19 2

PhyzioTypePhyzioType System: System: PsychotropicsPsychotropics
Predicting Predicting OlanzapineOlanzapine Weight, Patient LPH1Weight, Patient LPH1

INTERPRETATIONINTERPRETATION
•• PhyzioTypePhyzioType placesplaces

patient at 86patient at 86thth rankingranking
of of ZyprexaZyprexa®® ADR riskADR risk

• Patient at very high
risk of weight gain

• Evaluate alternative 
drugs or treat ADR

LPH1    LPH1    
is hereis here
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H

1
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H

1
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PhyzioTypePhyzioType System: System: Psychotropics Psychotropics 
Predicting Predicting RisperidoneRisperidone Weight, Patient LPH1Weight, Patient LPH1

Side EffectsSide Effects

Side EffectsSafe RespondersSafe Responders

Safe Responders

DNA MARKER

P
E
R
S
O
N

ADR RiskADR Risk
DNA DNA 
MarkersMarkers

ProtectiveProtective
DNA DNA 

MarkersMarkers

P = 1.5 P = 1.5 ·· 1010--2626

Chi-squared



27

26
4 68 10
9

13
0

23
2

21
8 58 51 21
0

25
8 60 22
0

17
1

21
3 64 15
1

35
9

11
6

32
1

13
7

31
1 54 78 98 15
2 80 17
5

20
1

15
9

16
6 85 21
9

30
7

24
1

27
2

19
3

30
5

32
3 91 24
9

PhyzioTypePhyzioType System: System: PsychotropicsPsychotropics
Predicting Predicting RisperidoneRisperidone Weight, Patient LPH1Weight, Patient LPH1

INTERPRETATIONINTERPRETATION
•• PhyzioTypePhyzioType placesplaces

patient at 28patient at 28thth rank ofrank of
RisperdalRisperdal®® weight ADRweight ADR

• Patient at low
risk of weight gain

• Consider prescription if 
therapeutically indicated

LPH1         LPH1         
is hereis here
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PhyzioTypePhyzioType System: System: PsychotropicsPsychotropics
Predicting Weight Side Effect, Patient LPH1Predicting Weight Side Effect, Patient LPH1

Patient LPH1 on Patient LPH1 on ZyprexaZyprexa®®

•• Clinical Symptoms:         Clinical Symptoms:         
8 kg weight gain and  8 kg weight gain and  
abnormal lipids abnormal lipids 

•• Referred to LPH and IOL Referred to LPH and IOL 
for DNA typing of drug  for DNA typing of drug  
metabolism statusmetabolism status

•• PhyzioTypePhyzioType Diagnosis:  Diagnosis:  
Psychotropic Psychotropic DiMSDiMS

RisperdalRisperdal®® is predicted to is predicted to 
have the least weighthave the least weight
gain for this patient gain for this patient 
and and ZyprexaZyprexa®® the most.the most.

LPH1    LPH1    
is hereis here

ZyprexaZyprexa

LPH1         LPH1         
is hereis here

RisperdalRisperdal
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PhysioGenomicsPhysioGenomics + Personalized Health+ Personalized Health
Mechanism Discovery from Clinical ResearchMechanism Discovery from Clinical Research

TodayToday
Clinical Clinical 

ResearchResearch

DNADNA--Guided MedicineGuided Medicine

Systems Prevention
Personalized

Health

PhysioGenomics

BeforeBefore
Animal + Cell Animal + Cell 

ModelsModels

ReductionistReductionist MedicineMedicine

Targets Drugs
Molecular 
Medicine

Molecular Biology
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What Are the Implications forWhat Are the Implications for
Clinical Neuroscience?Clinical Neuroscience?

20072007
• Drug metabolism DNA Typing is first: 

assays available now
• FDA spearheading new guidelines for 

prescription of safest drugs
20082008

• Diagnostics for drug-induced metabolic 
syndromes to prevent ADRs 

• DNA-guided drug selection to minimize 
risk of ADRs 

New paradigm for medicineNew paradigm for medicine
DNA-guided diagnosis, prevention and treatment

Personalized health will be expected                   
by patients and their families
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g.ruano@genomas.netg.ruano@genomas.net
860860--545545--37733773

www.genomas.netwww.genomas.net

Health PersonalizedHealth Personalized

Thank you!Thank you!
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