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Prevalencia de tipos especificos de abuso
de drogas y vulnerabilidad a la adiccion

National Household Survey and Related Surveys 1 200071 2007

Alcohol Use 1 ever ~ 203 million
Alcoholism ~ 18.8 million
Cocaine Use 1 ever ~ 35 million
Cocaine Addiction ~ 2 to 3 million
Heroin Use T ever ~ 3.7 million
Heroin Addiction ~ 1 million
lllicit Use of Opiate Medication 1 ever ~ 33.5 million
(i.e., 13.6% of the population 12 and over)*
Dependence on lllicit Pain Killers ~ ?7? 1.6 million

Development of Addiction After Self Exposure

Alcoholism ~1in8tolin15
Cocaine Addiction ~1in8tolin15
Heroin Addiction ~1in3tolin 5

* 2007 National Survey on Drug Use and Health
SAMHSA National Survey on Drug Use and Health, 2005 and 2006; NIDA, Others, 2007

-2008



Desarrollo del mantenimiento con metadona
De 1964 en adelante

Ipotesis (1964)

La adiccion a la eroina (y opiaceos) es una enfermedad funa fnenfern
met aboldelaocerebro, con efectos compor
drogao y uso de droga, no obstante con

y terceros. La adiccion a la eroina no es simplemente un comportamiento
criminal, o debido solo a personalidad antisocial u otro trastorno de
personalidad.

1964: Investigaciones clinicas iniciales sobre el desarrollo de la

farmacoterapia con mantenimiento de metadona, y sus mecanismos de

eficacia.

Dole, V.P., Nyswander, M.E. and Kreek, M.J.: Narcotic blockade. Arch. Intern. Med. , 196
4 Dole, Nyswander and Kreek, 1966, 2008




Functional State

Functional State

Impacto de la corta duracion de la eroina comparada con la larga
duracion de la metadona dada cronicamente en humanos.
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Mantenimiento con metadona para la
adiccion a opiaceos (eroina)

Number of patients currently in treatment: ~ 1 million worldwide

- USA: ~ 250,000 - Europe: ~ 500,000 - Rest of world: ~200,000

Ef ficacy i n ngoodo methadone treat ment
(80 to 150mg/d):
Voluntary retention in treatment (1 year or more) 5071 80%
Continuing use of illicit heroin 5T 20%

Actions of methadone treatment:

A Prevents withdrawal symptoms and 0
A Bl ocks euphor iactingenfrtoecs t s of short
A Al'l ows normalization of disrupted

Mechanism of action:  Long -acting narcotic provides steady levels of
opioid at specific receptor sites.
Amethadone found to be a full mu opioid receptor agonist which
internalizes like endorphins

Amethadone also has modest NMDA receptor complex antagonism)
Kreek, 1972; 1973; 2008



Historia natural del abuso y adiccion al
alcohol y drogas

> 80% without

Primary Possible Utility of Vaccines Medications Useful pharmacothergpy
Prevention and Selected Medications and Needed relapse to addiction

v A
‘ ) |
.
,
,

Initial Use of Sporadic Regular  Addiction Early Protracted .
Drug of Abuse Intermittent Use Withdrawal Abstinence .,
Use (abstinence)
1 t %,
Progression < 20% sustain
ADDICTION: Compulsive drug seeking behavior abstinence with no
and drug self -administration, without regard to specific medications
negative consequences to self or others
“.- (adapted from WHO).

Kreek et al., Nature Reviews Drug Discovery , 1:710, 2002




Factores que contribuyen a la vulnerabilidad a
desarrolar una adiccion especifica

Use of the drug of abuse essential (100%)

Genetic Environmental

(25-60%) (very high)

A DNA prenat al

A SNPs postnat al
A other contempor

cues
comor bi di
S t -regpansivity

polymorphisms
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A behaviors
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roteomics (very high)

Kreek et al., 2000; Kreek et al., Nature Reviews Drug Discovery , 2005




Desarrollo de una adiccion

ADrugs alter normal brain networks and chemicals

Ai Rewardingo or fpleasurabl e
(theso-cal |l ed nNnrei nforcing effe
I Dopamine
I Endorphins (acting at Mu Opioid Receptors )

AiCountermodul atoryo respons
I Dynorphins (acting at Kappa Opioid Receptors )



Regiones del cerebro implicadas en los
efectos de recompensa de las drogas de
abuso

Primary sites of actions of drugs of abuse with respect
to their reward or reinforcing effects have been
identified as specific brain regions, rich in dopamine
nerve terminals or cell bodies , the mesolimbic and
mesocortical dopamine systems especially the

nucleus accumbens , as well as the amygdala, the
anterior cingulate and the insula, with related actions

In the nigrostriatal dopaminergic regions.

Each of these brain regions also has abundant
receptors and peptides of the endogenous opioid

.. Ssystem.

Kreek, 1987: 2005



Opioides endogenos (endorfinas) y sus

receptores
Opioid Classes Opioid Receptor Types
Endorphins Mu
Enkephalins Delta
Dynorphins Kappa
PR i O i

Extracellular
fluid
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LaForge, Yuferov
and Kreek, 2000



Recompensa - Sistema mu -opioide y endorfina:
Cocaina cronica en rata aumenta la densidad le los receptores mu, sin
aumentar las mu -endorfinas

3 .i‘&t“’\ 3 :

“‘3 ),('v

Control Cocaine

Rel ative fnendorphin de|ficien
and persists for an extended time.
Unterwald et al., Brain Res., 584:314 1992




Aumento persistente del MOR tras 14 - dias de
abstinencia de cocai na nbir
Desarrollo de una deficiencia relativa de endorfina?

_ _ ~ Saline ~ Cocaine
fmol/mg  Saline (S) Cocaine (C) Withdrawal (SW) Withdrawal (CW)

Bailey, et al, Synapse , 2005



Efectos del siRNA contra el mMRNA del receptor mu administrado
en la Substantia nigra y tegmento venbtral del cerebro de raton:
disminucion o eliminacion de la preferencia para un ambiente

condicionado con eroina
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Ratones con nknockout
(eliminacion genetica) de los receptores mu

ANo morphine or ot
ANo heroin or morp

ANo heroin or morp
place preference

ner mu agonist analgesia
nine self -administration

nine induced conditioned

AAttenuated self -administration of cocaine
AAttenuated self -administration of alcohol

[Different knock -out constructs and multiple research groups, including Kieffer,
Uhl, Yu. Pintar, Loh, with, e.g., Maldonado, Pasternak, Hoellt, Roberts]

Reviewed in Kreek et al., Nature Reviews Drug Discovery , 1:710-726, 2002




Contra -modulacion: Cocaina cronica aumenta la densidad de los
receptores kappa en rata, pero tamb
actuan sobre el receptor

Control

Control Cocaine

Dynorphin Acting at the Kappa Opioid Receptor Lowers
Dopamine Levels and Prevents Surge After Cocaine

Spangler et al., Mol. Brain Res. , 38:71, 1996;
Unterwald et al., NeuroReport , 5:1613, 1994




Dinorfina A , ;7 natural, y salvinorina disminuyen
niveles basales de dopamina en el striatum de raton: Efecto
sobre la cocaina y persistencia del efecto sobre la dopamina
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Ipotesis: Reactividad atipica a los stress:
Una Posible etiologia de las adicciones

hypothalamus

p)
/
) CRF
y anterior
Endogenous / | pituitary @
Opioids ~ ,’ o
(ll) // //’
/ /// b-End
/
A Cortisol
Opioid ACTH
Antagonists
-7 ( adrenal
B
7  Metyrapone

Reactividad atipica a los
estimulos de stress pueden
en parte contribuir a la
persistencia y recaida al
abuso de adrogas y adiccion.

Esta reactividad atipica
puede ser pre -existente en
algunos individuos, por
razones adquiridas o
geneticas, y puede llevar a la
adiccion.

Kreek, 1972; 1981;



Eroina, cocaina y alcohol alteran profundamente la

reactividad al stress del eje hipotalamico
Normalizacion durante mantenimiento con metadona

-pituitario -adrenal:

A Acute effects of opiates

A Chronic effects of short -acting

opiates (e.g., heroin addiction)

A Opiate withdrawal effects *
A Opioid antagonist effects
A Cocaine effects *

A Alcohol effects

A Chronic effects of long -acting
opiate (e.g. methadone in
maintenance treatment)

* Our challenge studies have shown that a relative

and functi

o

onal

Suppression of HPA Axis

(decrease levels of HPA

hormones)

Activation of HPA Axis
(increase levels of HPA

Hormones)

Normalization of HPA Axis

Aendor phin

Kr eek,

197 2;

de f i

197 3;

C



Ipotesis: Vulnerabilidad (o proteccion) al
desarrollo de las adicciones

1) Multiples variantes de varios genes contribuyen a la
vulnerabilidad a la adiccion a la eroina, tras su uso.

2) Variantes asociadas con tipos de personalidades o
comportamientos (ej. Busqueda al riesgo, impulsividad)
contribuyen al uso inicial de la eroina, u otra droga. Estas
variantes geneticas pueden ser diferentes de las que
aumentan el riesgo de desarrollo de una adiccion.

3) Variantes geneticas que modulan el metabolismo y
disposicion pueden estar asociadas con peor prognosis en
la farmacoterapia de la adiccion a la eroina.

Kreek, 2008



El genoma humano
(como se entiende actualmente)

.. “»  AEnelgenoma humano
f = e hay ~3 billiones de bases

). M ‘g@;mﬁ ’ (nucleotides)

{ Ca 2 1, ASe estima que en los
) PR L o humanos, hay ~25,000 -
B 35,000 genes

ACada gene es una
sequencia de bases o
nucleotides

Hassin and Kreek, 2004



Polimorfismos geneticos de nucleotides
Individuales (SNP): Definiciones

ASNP & asingle nucleotide
polymorphism, that is, a
gene variant involving one
nucleotide or base of any
base pair

AAllelic Frequency:
<1% low or rare
11 5% intermediate
>5% high, frequent

Hassin and Kreek, 2004



Variantes geneticas del receptor mu opioide:
SNP en la region codicada incluyen la variante funcional

A118G (N40D)
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Afinidad y acoplamiento a canales K *(GIRK) con G -proteinas de
los mu - peptides endogenos en el receptor prototipo y su
variante (A118G)
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Asociacion del polimorfismo funcional en el
gene del receptor mu
y adiccion a los opiaceso en Suecia central

All Subjects Swedish with Both Parents Swedish
Opiate
Controls Dependent Controls Opiate Dependent
Genotype (n=170) (n=139) (n=120) (n=67)
AJA 147 98 104 46
(0.865) (0.705) (0.867) (0.687)
AG 21 39 15 19
(0.123) (0.281) (0.125) (0.283)
G/G 2 2 1 2
(0.012) (0.014) (0.008) (0/030)
RR = 2.86 c?)= 13.403 P = 0.00025* RR = 2.97 c?,)= 8.740 P =0.0031*
Opiate Dependent (n=139) Control (n=170)
G/G; AIG 41 23
A/A 98 147
118G Allele Frequency 0.155 0.074

Thus, in the entire study group in this central Swedish population,

Attributable Risk due to genotypes with a G allele in this population:
Attrlbutable Risk due to genotypes with a G allele in Swedes w/ Swedish parents:

Bart

(with confidence interval ranges from 8.0 to 28.0%)

G , Heilig M,

L aFor geMde&QiarPSthiatry], 9:54K 549 ,2604

18%



Diseccion del eje ipotalamico T pituitario T adrenal
(HPA) en humanos:
Estudios con antagonistas opioides selectivos

| CRF ()

anterior
pituitary

Endogenous
Opioids
(mu T inhibition)
(kappa 1 ? activation)

POMC

b-End (—l)
Opioid

Antagonists Cortisol (=)

adrenal \

'ACTH (=)

Kreek, 1984; 1998; 2006



ACTH (pg/ml)

Nalmefene causa mayor activacion del eje HPA
gue naloxona, en voluntarios humanos normales
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Schluger et al., 1998



ACTH vy cortisol 6 horas despues de naltrexona o placebo:
Efectos sobre el consumo de alcohol tras una bebida
Inicial, en dos sesiones consecutivas de dos horas

-® Naltrexone, n =7
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AFi siogeneticao y AFar maco
la variante A118G del receptor Mu Opioide humano:
Alteracion en la reactividad a los stress
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Basal plasma levels of cortisol significantly T ae
. . c c 7.
higher in persons with the A118G variant. 2 oall
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Asociacion entre el polimorfismo funcional en
el receptor mu opoide y alcolismo
en Suecia central

Swedish with two Swedish Non-Swedish without Swedish
parents Parents
Alcohol Dependent Control Alcohol Dependent Control
(n=193) (n=120) (n=196) (n=50)
Al118 158 104 141 43
A118G, G118G 35 16 55 7

OR=1.92 c2( 15 7-18, p =0.0074

Alcohol Dependent (n=389) Control (n=170)
GIG; AIG 90 23
AJA 299 147
118G Allele Frequency * 0.125 0.074

* Qverall 118G Allele Frequency = 0.109

Thus, in the entire study group in this central Swedish population:

Attributable Risk due to genotypes with a G allele: 11.1%
(with confidence interval ranges from 3.6 to 18.0%)

Bart G , Kreek MJ, LaFor geNekrééychGuharmadologyH 2006




Herencia Epigenetica

A The transmission of information to a daughter cell or
from generation to generation that is not encoded in
the DNA sequence

A DNA methylation and covalent histone modifications
are the primary sources of epigenetic inheritance

\Y[!

GAAGEC GGAT &
CTTGR@GCCTAS

Me

e
e

Nielsen, in preparation, 2008



Polimorfismos de repeticion en el gene de la dinorfina:
Agrupados por frequencia de uso de cocaine y dependencia de
cocaina/alcohol, comparados con voluntarios normales

TGACTTA

v

68 bp repeat

Transcription start

A 4

CAAT TATA box
Cocaine / Alcohol
dependent Controls Long = 3,3; 3,4: 4,4
Genotype Long Long/Short  Short Long Long/Short Short |Long/Short=1,3;1,4;2,3;24
Short=1,1;1,2; 2,2
Caucasian n 6 6 1 27 19 9
American 46% 46% 8% 49% 35% 16%
African ** n 25 26 10 14 16 19
American 41% 43% 16% 29% 33% 39%
Hispanic n 4 4 2 8 3 1
40% 40% 20% 67% 25% 8%

American

‘uet . ** Significant difference between control and cocaine and alcohol dependent.

Fisherdéds Exact test, p = 0.01.

Williams et al, 12:496, 2007



Gene de la prodinorfina humano:
Chr 20pter -p12 Organizacion de Exones y
Intrones y SNP

Promoter i
68-bp tandem 3N4’TR

repeats

ATG

[
»
[
»
[
»
[
»
[
»
[
»

4 - rs6045819

1 -rs35286281

5-rs10485703

2 - rs34535593

6 - rs910080_T/C

3 -rs1997794

7 -rs910079_T/C

Human prodynorphin gene:  Chr 20pter -p12
Exon / intron organization and single nucleotide polymorphisms

-Three 36UTR SNPs (rs910080, rs910079, anc
disequilibrium (LD), and comprise two haplotype blocks: T-T-C or C-C-T;

8 - rs2235749 CIT

- The haplotype C-C-T was significantly associated with cocaine dependence and
~cocaine/alcohol codependence (OR=2.32, experiment  -wise p=0.015) in Caucasians.

Yuferov et al, Neuropsychopharmacoloqgy, 34:1185-1197, 2009




Niveles de mMRNA de preprodinorfina en el
nucleo caudato humano post -mortem,
estratificados por genotypo del gene PDYN
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Genotype Pattern

* Haplotype C-C-T significantly associated with cocaine dependence and cocaine/
»“.alcohol codependence (OR=2.32, experiment -wise p=0.015) in Caucasians.
Yuferov et al, Neuropsychopharmacology, 34:1185-1197, 2009




- “ Adapted from Ho et al. Clinical Pharmacology & Therapeutics (2005)

P-glycoproteina (MDR1, ABCB1)
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Modified from Tang et al. Pharmacogenetics (2002)

P-gp Is expressed In tissues
with barrier function like the
endothelial cells lining of

~-. the Blood -Brain Barrier




SNP del gene ABCB1 y Plan del Estudio

Coding sequence 1236C/T 2677G/T 3435C/T
I (A893S) I
_ I
(-1) 2 3 4 5 8 912 18 21 26 28
L, Il | ‘ | L 1 1. |||‘|| |1 |’| n_1 1l
rs3789243 rs1922242 |r82235067

Intronic rs2520464 rs2032583 rs6949448

Methadone dose
<« 150 mg/day —

ﬁLO\,{/(‘)E nHi g hlo

Tests for association:

Single SNP Multi locus genotype pattern:
Allele frequency 3 - locus (coding region)
Genotype frequency 9 - locus

Levran et al., 2008



SNP 1236C>T

- groups

— 150 — 6.6-fold 1
mg/day /
P =0.007

Odds ratio=6.6
Genotype frequencies differ between the

Levran et al. Hum. Mol. Genet., 17:2219, 2008



