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What Is Personalized Medicine?

llThe tailoring of medical treatment to the individual The tailoring of medical treatment to the individual 
characteristics of each patient. characteristics of each patient. 

llThe ability to classify individuals into The ability to classify individuals into 
subpopulations that differ in their susceptibility to a subpopulations that differ in their susceptibility to a 
particular disease or their response to a specific particular disease or their response to a specific 
treatment. treatment. 

llPreventive or therapeutic interventions can then be  Preventive or therapeutic interventions can then be  
focused on those who will benefit, sparing expense focused on those who will benefit, sparing expense 
and side effects for those who will not.and side effects for those who will not.

President’s Council of Advisors on Science and Technology 
(PCAST) “Priorities for Personalized Medicine”. September 2008



Personalized Medicine Personalized Medicine vsvs Evidence Evidence 
based Medicinebased Medicine

llThere is an inherent, unresolved tension between There is an inherent, unresolved tension between 
genomicsgenomics--enabled personalized medicine and the enabled personalized medicine and the 
tenets of populationtenets of population--based, evidencebased, evidence--based based 
medicine. medicine. 

llHowever, there is no reason that the two approaches However, there is no reason that the two approaches 
to caring for patients should be in opposition. to caring for patients should be in opposition. 

Feero WG et al. N Engl J Med 2010;362:2001-2011.



ll Scan a person’s genome for as little as $1000. 

l Fun novelty or do valuable information ? 

Bonetta, Cell 133: 753-756, 2008 



The Practitioner

llMany patients, both genders, wide span of ages, Many patients, both genders, wide span of ages, 

diverse cultural and genetic backgrounds with diverse cultural and genetic backgrounds with 

various disease conditions. various disease conditions. 

llIs LonelyIs Lonely ……. . 

llNeeds to oblige to set of rules and regulationsNeeds to oblige to set of rules and regulations

llPatient centered & shared decision makingPatient centered & shared decision making

l10 minutes !!



The PatientThe Patient

llIs exposed to recent medical informationIs exposed to recent medical information

llHas an open access to medical information and searches Has an open access to medical information and searches 

for updatesfor updates

�� Internet, disease forums, newspapers, open lectures,Internet, disease forums, newspapers, open lectures,……

llIs more knowledgeable than in the past to his diseaseIs more knowledgeable than in the past to his disease

llKnows better his/her own medical data, accumulates it and Knows better his/her own medical data, accumulates it and 

expects the physician to consider it. expects the physician to consider it. 

llThe law requires that the patient will take part in the medical The law requires that the patient will take part in the medical 

decisiondecision

llExpects the physician to talk to himExpects the physician to talk to him……..
January 2012 Galil Center_Karnieli



lPatients are no longer subordinate, 

�often know more than their clinicians about particular 

genetic topics. 

lPatients embrace direct-to-consumer (DTC) genetic 

tests and turn to social networks.

lIn the future, a primary role of health care professionals 

may be to interpret patients’ DTC genetic test results 

and advise them about appropriate follow-up.

NEJM, 363:1099-1103, 2010



The ProblemThe Problem

ll An everAn ever --growing growing gap exists between exists between 
accumulating knowledge derived from basic accumulating knowledge derived from basic 
scientific and clinical research, new scientific and clinical research, new 
molecular mechanisms, recent medical and molecular mechanisms, recent medical and 
therapeutic guidelines and its use at the bedtherapeutic guidelines and its use at the bed --
side by the practitioner.side by the practitioner.

llThere is an urgent need to There is an urgent need to Narrow the Gap 
Between Knowledge and Clinical Practice 



VisionVisionVision

llTo design and develop a To design and develop a patientpatient --centric biocentric bio --
informaticinformatic tools and decision support system tools and decision support system to to 
personalize the treatment to the specific patient personalize the treatment to the specific patient 
needs based upon his/her clinical, genetic and needs based upon his/her clinical, genetic and 
metabolic characteristics.metabolic characteristics.

llThe system will be based on The system will be based on combined software and combined software and 
nanonano -- technology platform technology platform enabling the physician to enabling the physician to 
analyze in realanalyze in real --time clinical, genetic and metabolic time clinical, genetic and metabolic 
parameters.parameters.

llThe integrated system will be used The integrated system will be used during the during the 
physicianphysician --patient encounterpatient encounter in order to improve in order to improve 
quality of care and reduce expenses.  quality of care and reduce expenses.  





Our PatientOur Patient



Pulmonary diseasePulmonary disease
abnormal functionabnormal function
obstructive sleep apneaobstructive sleep apnea
hypoventilation syndromehypoventilation syndrome

Nonalcoholic fatty liver Nonalcoholic fatty liver 
diseasedisease
steatosissteatosis
steatohepatitissteatohepatitis
cirrhosiscirrhosis

Coronary heart Coronary heart 
diseasedisease

DiabetesDiabetes
DyslipidemiaDyslipidemia
HypertensionHypertension

Gynecologic abnormalitiesGynecologic abnormalities
abnormal mensesabnormal menses
infertilityinfertility
polycystic ovarian syndromepolycystic ovarian syndrome

OsteoarthritisOsteoarthritis

SkinSkin

Gall bladder diseaseGall bladder disease

CancerCancer
breast, uterus, cervixbreast, uterus, cervix
colon, esophagus, pancreascolon, esophagus, pancreas
kidney, prostatekidney, prostate

PhlebitisPhlebitis
venous stasisvenous stasis

GoutGout

Medical Complications of ObesityMedical Complications of Obesity

Idiopathic intracranial Idiopathic intracranial 
hypertensionhypertension

StrokeStroke
CataractsCataracts

Severe pancreatitisSevere pancreatitis



Direct Cost of Chronic Diseases in Direct Cost of Chronic Diseases in 
the United Statesthe United States
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Wolf AM, Colditz GA. Obes Res. 1998;6:97-106.
Hodgson TA, Cohen AJ. Med Care. 1999;37:994-1012.

*Adjusted to 1995 dollars.

Obesity Coronary
Heart 

Disease

Hyper-
tension

Stroke

$18.1$18.4

$38.7

$51.6$53.2



Key Component of the Key Component of the 
Energy Balance SystemEnergy Balance System



Cardiometabolic Risk Factors Cardiometabolic Risk Factors 
Promoted by IntraPromoted by Intra --abdominal Adiposityabdominal Adiposity

Adipose
tissue

↑↑↑↑↑↑↑↑ ILIL--66

↓↓↓↓↓↓↓↓ AdiponectinAdiponectin

↑↑↑↑↑↑↑↑ LeptinLeptin

↑↑↑↑↑↑↑↑ TNFTNFαααααααα

↑↑↑↑↑↑↑↑ AdipsinAdipsin
(Complement D)(Complement D)

↑↑↑↑↑↑↑↑ PlasminogenPlasminogen
activator inhibitoractivator inhibitor --11

(PAI(PAI--1)1)

↑↑↑↑↑↑↑↑ ResistinResistin

↑↑↑↑↑↑↑↑ FFAFFA

↑↑↑↑↑↑↑↑ AngiotensinogenAngiotensinogen

↑↑↑↑↑↑↑↑ Lipoprotein lipaseLipoprotein lipase

↑↑↑↑↑↑↑↑ RBP4RBP4

InflammationInflammation

TypeType
2 diabetes2 diabetes

HypertensionHypertension

AtherogenicAtherogenic
dyslipidaemiadyslipidaemia

ThrombosisThrombosis
AtherosclerosisAtherosclerosis



To Eat or Not to Eat To Eat or Not to Eat ——
the Brain and the Belly Love Storythe Brain and the Belly Love Story

Korner and LeibelKorner and Leibel
NEJM 349:926NEJM 349:926--928, 2003928, 2003



Farooqi and O’Rahilly Annu. Rev. Med. 2005. 56:443–58

Monogenic Obesity Monogenic Obesity –– Leptin DeficiencyLeptin Deficiency



Monogenic Obesity Monogenic Obesity –– MC4R MutationMC4R Mutation

16 year- old sibling with Normal MC4R9 year- old with MC4R mutation



Prevalence of Single-Gene Defects 
Causing Severe Early-Onset Obesity

LEP (7q): 0.5%

LEPR (1p): 0.5% 

POMC (2p): 0.8%

PCSK1 (5q): 0.4%

MC4R (18q): 3% 

BDNF (11p): rare

NTRK2 (9q): rare

From S O’Rahilly and S Farooqi



Obesity Associated genes Obesity Associated genes 

�� OrexigenicOrexigenic GenesGenes

–– Neuropeptides and ReceptorsNeuropeptides and Receptors

�� Anorectic Genes:Anorectic Genes:
–– Gut Hormones and Receptors:Gut Hormones and Receptors:

–– AdipocyteAdipocyte--derived Peptides and Receptorsderived Peptides and Receptors

–– Pancreas Derived Peptides and ReceptorsPancreas Derived Peptides and Receptors

�� Energy ExpenditureEnergy Expenditure
–– AdipocyteAdipocyte--Derived Peptides and ReceptorsDerived Peptides and Receptors

–– CNSCNS--Derived Peptides and Receptors: Derived Peptides and Receptors: 



Our Patient



Our Patient = Data Bases

Virtual Virtual Virtual Virtual 
Clinical  Clinical  Clinical  Clinical  
DataDataDataData

Virtual Virtual Virtual Virtual Virtual Virtual Virtual Virtual 
Clinical  Clinical  Clinical  Clinical  Clinical  Clinical  Clinical  Clinical  
DataDataDataData

Patient ID
A
n
o
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t
y

Tissue 
Sample 
Bank

Laboratory   Laboratory   Laboratory   Laboratory   
DataDataDataDataImaging   Imaging   Imaging   Imaging   

DataDataDataData

Imaging   Imaging   Imaging   Imaging   
DataDataDataData

Drugs
+ side effects 
Toxicology

Drugs
+ side effects 
Toxicology

Drugs Drugs Drugs Drugs 
InteractionsInteractionsInteractionsInteractionsn

Molecular Molecular Molecular Molecular 
MechanismsMechanismsMechanismsMechanisms

Clinical Clinical Clinical Clinical 
GuidelinesGuidelinesGuidelinesGuidelines



Target 
Genes
Target 
Genes

Genetic ProfileGenetic Profile

Our Patient = Populations

EpigeneticsEpigenetics

Relevant PopulationsRelevant Populations

Control 
Population

Control 
Population

ProteomicsProteomics



Our Patient = Physiological and Molecular 
Mechanisms

Gallagher, Leroith & Karnieli, MSJM 77:511–523, 2010



Our Patient

GenomicsGenomics
ProteomicsProteomics

MetabolomicsMetabolomics
PharmacogenomicsPharmacogenomics

NutrigenomicsNutrigenomics
EpigenomicsEpigenomics
MicrobiomicsMicrobiomics

How many subtypes of DM2 do we have ? How many subtypes of DM2 do we have ? 

40+40+
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Placebo (n=1082)

Metformin (n=1073, p<0.001 vs. Placebo )
Lifestyle (n=1079, p<0.001 vs. Met , p<0.001 vs. Pl acebo )

Prevention of DiabetesPrevention of Diabetes

Risk ReductionRisk Reduction
31% by metformin31% by metformin

58% by lifestyle58% by lifestyle

The DPP Research Group, NEJM 346:393-403, 2002

Why not all the patients will Why not all the patients will 
benefit from lifestyle benefit from lifestyle 

modifications or Metformin ?modifications or Metformin ?

Can we predict who will Can we predict who will 
develop Diabetes ? develop Diabetes ? 



Can We Predict, Prevent and Treat 

Diabetes Tailored to the the Specific 

Patient ?



Pathways to Type 2 Diabetes Implicated by Identified 
Common Variant Associations

McCarthy MI. N Engl J Med 2010;363:2339-2350



Six Functional Categories: Six Functional Categories: 

ll Receptors;Receptors;

ll Transporters & Channels; Transporters & Channels; 

ll Nuclear Receptors; Nuclear Receptors; 

ll Metabolic Enzymes; Metabolic Enzymes; 

ll Secreted Factors; Secreted Factors; 

ll Signal Transduction Proteins; Signal Transduction Proteins; 

ll Transcription Factors.Transcription Factors.



Decision Support Systems

That’s my diagnosis. 
If you want a second opinion….

I will ask my computer



Lyssenko et al. NEJM 359,  21: 2220-2232, 2008 



Predictors To Develop Type 2 
Diabetes

lFamily history of the disease, an increased BMI, 
elevated liver-enzyme levels, current smoking
status, and reduced measures of insulin secretion 
and action. 

lVariants in 11 genes (TCF7L2, PPARG, FTO, 
KCNJ11, NOTCH2, WFS1, CDKAL1, IGF2BP2, 
SLC30A8, JAZF1, and HHEX) 

�independent of clinical risk factors;

lCommon genetic variants associated with the risk 
of diabetes had a small effect on the ability to 
predict the future development of type 2 diabetes..

Lyssenko et al NEJM 359,  21: 2220-2232, 2008 



Prevalence of Type 2 Diabetes in Europe

55 Million T2D

Early adulthood Late adulthood

Prediabetes

TÜbingen Family study (TÜF): prediabetic individuals (N=2000)

TULIP     Lifestyle Intervention (N=400)



Stefan et al., Arch Intern Med. (2008)
Kantartzis et al., Diabetologia 2010, Kantartzis et al., Diabetologia 2011  

Muscle fat

Liver fat
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The role of ectopic fat storage



Type 2 Diabetes
CVD

Fatty Liver

Visceral Obesity

Contribution of different fat depots for the progressi on to diabetes

Prediabetes

Stefan et al., Arch Intern Med. (2008)
Kantartzis et al., Diabetologia 2010, Kantartzis et al., Diabetologia 2011  



Insulin resistance of the brain 
Tschritter et al., Diabetologia 2011
Tschritter et al., Diabetologia 2007
Tschritter et al., PNAS 2006

Exercise non-responders
Kantartzis et al., Gut 2009
Thamer et al., JCEM 2008
Stefan et al., JCEM 2007

The metabolically benign versus 

malignant obesity Kantartzis et al., Diabetologia 2010
Stefan et al., Arch. Int. Med. 2008

Incretin resistance 

TCF7L2 �IR and PG interaction

Schäfer et al. Diabetologia 2007
Müssig et al. Diabetes 2009,

Diabetologia 2010
Haupt et al., JCEM 2009
Haupt et al., Diabetologia 2009

The metabolically malignant fatty 

liver predicts diabetes 

Stefan & Häring Diabetes 2011
Stefan et al., NEJM 2009
Peter et al., Diabetes 2010
Stefan et al., Diabetes 2008
Hennige et al., PLoS ONE 2008

Subphenotypes of prediabetes in TULIP



The Complexity of the Central Dogma of 
Molecular Biology.

Feero WG et al. N Engl J Med 2010;362:2001-2011.



Potential Defects Associated WithPotential Defects Associated With
Type 2 DiabetesType 2 Diabetes

General gene 
expressionGlucose metabolism Glucose metabolism 

lipid/protein synthesislipid/protein synthesis
Specific gene expressionSpecific gene expression

Cell growth 
differdifferentiation

Saltiel et al, Nature 414: 799, 2001

TNFTNFαααααααα

FFAFFA

NFkB/IKK

AdiponectinAdiponectin



mRNA Levels of CYP2E1 in Rat:mRNA Levels of CYP2E1 in Rat:
(Real(Real--time PCR analyses)time PCR analyses)
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Lean MassFat Mass T-WaterT-Weight

Chow HFD Chow HFD Chow HFD
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Zong et al. Am. J. Physiol, 302: in press 2012 



CYP2E1 Null Mice Gain Less Weight 
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What About Glucose Tolerance ?What About Glucose Tolerance ?
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What are Our Treatment Options ?



Avandia (Rosi) + Actos (Pio) 2006Avandia (Rosi) + Actos (Pio) 2006
Prescriptions per Year:   22.6 MillionPrescriptions per Year:   22.6 Million
Sales per Year : Sales per Year : $ 3.6 Billion $ 3.6 Billion 

US Sales declined 70%US Sales declined 70%
EU EU –– WithdrawnWithdrawn



Weight loss Weight loss Weight loss Weight loss –––– 5555----8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year
Side effectsSide effectsSide effectsSide effects: Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression 

Never approved by FDANever approved by FDANever approved by FDANever approved by FDA
Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market 

Weight loss Weight loss Weight loss Weight loss Weight loss Weight loss Weight loss Weight loss –––––––– 55555555--------8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year8 Kgs/year
Side effectsSide effectsSide effectsSide effectsSide effectsSide effectsSide effectsSide effects: Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression : Anxiety & Depression 

Never approved by FDANever approved by FDANever approved by FDANever approved by FDANever approved by FDANever approved by FDANever approved by FDANever approved by FDA
Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market Retracted from EU market 

Acomplia (Rimonabant)  StoryAcomplia (Rimonabant)  Story



Incidence of a Primary Outcome Event 
and Death from Any Cause, According 

to the Time from Randomization

James WPT et al. N Engl J Med 2010;363:905-917

Subjects with preexisting cardiovascular conditions 
who were receiving long-term sibutramine 
treatment had an increased risk of nonfatal 
myocardial infarction and nonfatal stroke but not of 
cardiovascular death or death from any cause.

Sibutramine Sibutramine ––
Retracted from MarketRetracted from Market



Why Good Medications Aiming at Why Good Medications Aiming at 
Treating Obesity And Diabetes Fail ?Treating Obesity And Diabetes Fail ?



Future Directions

ll To analyze and define the essential clinical and To analyze and define the essential clinical and 
laboratory data in order to develop reliable laboratory data in order to develop reliable 
algorithms for predicting clinical outcome.algorithms for predicting clinical outcome.

ll Examine the specificity and sensitivity of these Examine the specificity and sensitivity of these 
algorithms in subset of patients by checking their algorithms in subset of patients by checking their 
molecular profile.molecular profile.

llApply and integrate the algorithms into updated Apply and integrate the algorithms into updated 
decision support systemsdecision support systems

llTest the applicability of the new platform in Test the applicability of the new platform in 
selected clinics.selected clinics.
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Zolotov et al. Pers Med 2011, in press



Our Group:Our Group:

Michal Michal ArmoniArmoni

ChavaChava HarelHarel

DafnaDafna BenBen--YosefYosef

Natalia Natalia KritsKrits

SagitSagit ZolotovZolotov

MargalitMargalit LevyLevy

Norberto Norberto KrivoyKrivoy

YaronYaron DenecampDenecamp

HussamHussam HaieckHaieck

USAUSA

Yelena Yelena YeshaYesha

Naphtali Naphtali RisheRishe
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ee--MalMal--Practice:Practice:

I know an excellent 
Web Site that  
can help you with this..

Doc,Doc,
All my life is around All my life is around 
Internet, websites, games & Internet, websites, games & 
chats. chats. 
Please help mePlease help me……


