Unbridled passions:
Imaging the brain substrates of
ulnerability

relaps

Brief Research Overview
Anna R Childress, Ph.D.

.

]anuary 6, 2020




Brain-Behavioral Vulnerabilities (Neuroimaging) Group
Team and Collaborators

{ N .%',
N

FHT

Childress O’Brien Franklin Langleben Wetherill Kampman Ehrman

Benson Gawrysiak

Magland Goldman Marquez Szucs-Reed Suh

Downing




Childress

Brain-Behavioral Vulnerabilities (Neuroimaging) Group

O’Brien

Franklin

Team and Collaborators

Langleben

Wetherill

Kampman

4 |
‘:. ‘;~

Ehrman

7 AN
Jagannathan Young Ely Darnley Taylor Benson Gawrysiak
Current Collaborations
Genetics ENIRS “Disrupted “Unconscious” Orbitofrontal Food Sexual
(mobile Reconsolidation” cocaine cue morphology Risk
GABA B, imaging) of phenomena (cocaine pts.)
D3, FKBPS frontal to reduce Reward and inhibition probes
regions Ccocalne cue
reactivity
_ Anne
Rick Crist Hasan Ayaz Mike Saladin Corinde Wiers  Vanessa Troiani Michael Lowe  Tgitelman
(Psychiatry) (Drexel) (MUSC) (NIDA) (Geisinger) (Drexel)  (penn SON)







Our research efforts....

driven by our a;dtﬁ.c-ted patients * struggles with

uEs*™,.
RIMES 13 “tast

STRESS

<« C
S

|

( WITHDRAH\L
cognitive disruption )




..Let us consider......

Are
YOU
having
a “GO!”

moment
?




We humans are exquisite reward detectors!




But hmmnnn....is there a disadvantage, a
“dark side” to our reward sensitivity?




Yes -- a possible “dark side”
to reward sensitivity....

A brain that responds very quickly to reward
signals (even when “unseen” -- without our

awareness) may have greatly helped our early

species survival —

....BUT — Ironically -- very rapid, almost
automatic, brain responses may NOT help in
the battle against relapse —>> greater reward
sensitivity may be a...relapse vulnerability !!




VUENERABILITY

For understanding the brain erabilities in
relapse.... and, potentially, i diction, itself....




In a normal, adult brain....

...the brain’ s frontal circuitry
acts as a “brake” on
downstream motivational
(GO!) systems critical for
survival — for pursuing rewards

such as food and sex — for .

ding to danger (fear This enables*\goqd moment-to-moment
responding ) g decision-making...good evaluation of
and aggression). risk...good impulse control.




In a vulnerable brain....

..the brain’ s frontal
Circuitry is not modulating
downstream (GO!) systems —
the “brain brakes” may be
bad — or the conhection
between the brakes and the Result: poor decisidn-making...poor

other regions may be impulse control...greater risk-taking...poor
“broken” inhibition...an “over-reacting” brain




NERABILITY

Brain substrates of ....and its requlation

cue-induced drug (or lack thereof :

motivation deficits in frontal
modulatory circuits)

For understanding the brain vulnerabilities in
relapse.... and, potentially, in addiction, itself....




Drug cues
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Drug cues
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How Do Drug Cues Come to
Trigger Drug Craving?

4

-> Cocaine

Desire

“Craving”
“GO!”



Outline

Context :
. Two brain systems implicated in relapse vulnerability: “GO!” and STOP!

Circuits

Goal: If we can capture the brain’s “GO!" response to drug cues, we can use this
response to predict individual v ability, and to screen candidate
medications for their ability to impact th b argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability’ ?
(Genetics? Epige‘ics / prior Trauma/Abuse) ?

Can we link the cue-trigg‘d b:‘n responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a (DA-modulating) medication?

What’s next on the horizon?
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Goal: If we can capture the brain’s “GO! ponse to drug cues, we can use this
response to predict individual relapse v. bility, and to screen candidate
medications for their ability to impact th argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability’ ?
(Genetics? Epigeggtics / prior Trauma/Abuse) ?

Can we link the cue-trigﬁd blln responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a (DA-modulating) medication?

What’s next on the horizon?




Can we image the brain response to drug cues ?

YES --

We showed that cocaine cues triggered motivation
initially usina radioactive water as a brain activity tr

And our lab replicated this in for other

mbic) circuitry —
) 4 drug reward cues , using fMRI...

with PET)

Opiate cues ( in stable MM patients,
prior to daily dose ) Daniel Langieben,
et al. Am J. Psychiatry, 2007

by cocaine cues &
opiate, cigarette smoking, and
marijuana cues - . W‘

MJ cues Marina Goldman, et al. 2013

Brain Activation
During Craving Triggered
By Cocaine Cues

Limbic activation

Three views of the brain’s
activity* in cocaine patients
viewing a cocaine video Cigarette cues (
which triggered desire for mdelpende_lnt:dof 0
. nicotine wi rawal
cocaine. Teri Franklin, et al,

Neuropsychopharm.
2007

“Stafistical parametric map showing brain regions
Scans 2 &3 Scan 4 differentially acfivated by a cocaine video as

sompared to anon-drug (nature) video

Scans 5 & 6

Cocaine Videos
0 Minutes 86

Baseline Neutral Videos Resting

Childress, et al. American Journal of Psychiatry
1999

..and for other natural reward cues:
for food cues and for cues

What about cue-triggered desire for ...

FOOD ? SEX ?

And we showeiuat cocaine and sexual cues could trigger these same
circuits even when ” unseen”, presented outside conscious awareness !

Activations “Unseen”

r
‘ﬁ 1

Highly palahble food cues trigger
motivational circuitry in young
women at-risk for weight gain.

Will the braln
to romantic / sexual
cues predict risky sexual
behavior in young urban
wom en at high risk for
STl I HIV?
Childress &

ﬁ Teitelman,

Cle NIMH R21

2

N ]
Reiger, et al

Hi Food v. Neutral contrast W‘
AliEly, Childress, Jagannathan and Lowe, Obesiy, 2013 in press.

“Unseen” “ »”
" Null (33 msec) Unseen
r-" Cue Paradi
L [ﬂl Sexual ue Faracigm CUe

33 msec targets
Ave. 1500 msec

Paradigm
33 msec targets

467 msec “masks”

(A demand-free measure of
reward circuitry; unaffected by
secondary responses of regret,
shame,
embarrassment...and...reveals
a powerful target that requires
medication — as it is so rapid
that is not targeted by
consciously- applied behavioral
strategies....and very hard to
‘stop’ once triggered. ...

Reward Cues

trigger

amygdala

v. striatum

v. pallidum
insula
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Context :
. Two brain systems implicated ingrelapse vulnerability: “GO!” and STOP!

Circuits

[
Goal: If we can capture the brain’s “GO! ponse to drug cues, we can use this
response to predict individual relapse v. bility, and to screen candidate
medications for their ability to impact th argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability” ?
(Genetics? Epigenetics / prior Trauma/Abuse) ?

Can we link the cue-trigﬂd blln responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a (DA-modulating) medication?

What’s next on the horizon?




Is there individual variation in “cue-vulnerability”
Genetics? Epigenetics / prior Trauma/Abuse?
Yes (Sex / hormonal — Franklin ; Wetherill)

Genetic
DAT 9 carriers || cue response Carriers of t rtisol” allele of FKBP5 cue response

Smoking vs. Non-smoking Cues
pntlems [Ieﬂ panel) carrying the G-allele variant of FKBP5 SNP and Opioid patients [Ieﬂ panel) carmng the G-allele vananl of

DAT 9 carriers vs. DAT 10 homozygotes ith heig ed corllsol ignaling, as d to FKBPS SNP rs 3800373 (
ERs v d

d limbic (slnnlum V. pallldum

Praniiin etal Newepsychapharmacalog), 0% Addition Biisgy, il

Epigenetic (e.g., prior adversity)

Prior abuse ﬁ cue response

Prior trauma _ cue response Prior trauma resting amyg connectivity
Enhanced Limbic Reactivity to 33 msec Prioradversity s linked to o Trauma (n=18) No-Trauma (n=16)
g “Unseen” COCAINE Cues In -

CocainePatients with Prior Trauma f o)

Dr. Jesse J. Suh o~
N

No Prior Trauma Prior Trauma Paul Regier, Ph.D.
- - - NIDA T32 Fellow

DRUG CUES — NEUTRAL CUES

HISTORY OF ABUSE

Cocaine patients with a ; - Trauma > No-Trauma (n=34)
prior history of abuse RIGHT

(physical, emotional , or
sexual) have a
heightened brain
response to 500 msec
cocaine cues.

Drugl-neutl Addiction Biology: 2016

Drug and Alcohol Dependence , 2017
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. Two brain systems implicated ingrelapse vulnerability: “GO!” and STOP!
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[
Goal: If we can capture the brain’s “GO! ponse to drug cues, we can use this
response to predict individual relapse v. bility, and to screen candidate
medications for their ability to impact th argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability’ ?
(Genetics? Epigeggtics / prior Trauma/Abuse) ?

Can we link the cue-trigﬂd bllh responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a (DA-modulating) medication?

What’s next on the horizon?




Can we link the cue-triggered brain responses to

Yes

> Cocaine cue response = relapse

Heightened v. striatal response to brief 33 msec (
“unseen™) cues predicts future

| Rapid > Delayed Relapse ‘

V. striatum
v. pallidum
amygdala

Response to sexual or aversive cues

am
v. pallidum
pa predictive of rapid relapse

(N=17 v §) drug neut 2<t<5for dizplay
(MenteGaro camected, k=533; varel=. 005 cluster =05

Rap|d=Delayed Sex-neut

& Rap|d>De<ayed Aver-neut

33 msec cue task

Is the rapid relapse prediction
specific to cocaine cues? Yes

> Cocaine c
future

sponse =
ine use

z=-12

500 msec cue task

> Cocaine cue response =

Cocaine patients with future drug use outcomes
i second ine

a brain respos

Neutral) VIDEO clips - -, ¢ watcn condition

OUTGOME Phenctype
“GO0D”

outcome

Cue-triggered
brain responses to 6
sec cocaine cues

- we can link the brain
response to (visible) cocaine
cues to relapse.

Individuals who will proceed to
urine outcomes (>90%
cocaine-positive or missing)
have a heightened brain
response to cocaine cues...
...whereas those proceeding to
“GOOD” outcome have a low

response. ACNP, 2015

6 sec cue task
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Context :
. Two brain systems implicated ingrelapse vulnerability: “GO!” and STOP!
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Goal: If we can capture the brain’s “GO! ponse to drug cues, we can use this
response to predict individual relapse v. bility, and to screen candidate
medications for their ability to impact th argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability’ ?
(Genetics? Epigeggtics / prior Trauma/Abuse) ?

Can we link the cue-trigﬁd blln responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a medication?

What’s next on the horizon?




Is there hope? Can we impact the “cue-vulnerable”
phenotype with a medication? What kind?

Yes ... we hav@tested medications that can blunt DA signaling:

As drug cues trigger endogenous o ; gpamine Do receptor antagonists
g 99 g firing in VTATEDA release in partial agonists can blunt drug

dopamine (DA) release..... - in ani I N
i (DA striatum /cue j§in animals reward cue effects in animals --

PET Evidence of striatal DA release to cocaine cues in humans

Protection against the “unseen”... Does cariprazine (partial agonist at DA D3 receptor) impact the brain response to brief cocaine cues?

- Ba0aaa e
mﬂ b Cana GABAB agonist  paclofen - Placebo (n=20) cRz_so01 CRZ_3006 }

QEV‘V. i blunt cue—trlggered ( \/,‘ % & f‘
T coane 87 &

”_4 ) \f 4 s =)
S e ,~
ZNCINGVIN 5/ &) | crz_300s | | crz_3007

B. Brain maps obtained with SPM showing the difference in the \ L’ 4‘*
distribution volume images of ["'C]raclopride between the neutral i% i < \
and the cocaine cue condition (p < 0.05, uncorrected, treshold > + GABA Bagonist baclofen &

= A

100 voxels). Note that there were no differences in the ventral protects against “unseen”
cues....! Dr KimYoung, a NIDA

striatum (-4 and -8 planes). T-32 Fellow, energized our Baclofen reduces imbic activation : <
o . baclofen efforts. to “unseen” cocaine cues { t-maps 1 i _ AR |
June 2006, Journal of Neuroscience. thresholded at 2=t<5 for display.) (SPM 12 pipeline; Drugi-Neu! contrast; thresholded 1.65<1<5 for dispiay)

Cariprazine
(Vraylar) is an

® paosbo  Baiten atypical anti-
psychotic with
preferential D3:D2
activity at low
doses




Outline

Context :

Two brain systems implicated in relapse vulnerability: “GO!” and
Circuits

Goal: If we can capture the brain’s “GO!" response to drug cues, we can use this
response to predict individual relapse v ability, and to screen candidate
medications for their ability to impact these b‘argets.

Can we image the brain response to drug cues ? YES

Is there individual variation in “cue-vulnerability” ? YES
(Genetics? Epigenetics / ;'vr Trauma/Abuse) ? YES

Can we link the cue-triggeged br‘n responses to ? YES

Is there hope? Can we impact the “cue-vulnerable” phenotype
with (DA-modulating) medications? YES

What’s next on the horizon?
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Goal: If we can capture the brain’s “GO! ponse to drug cues, we can use this
response to predict individual relapse v bility, and to screen candidate
medications for their ability to impact th argets.

Can we image the brain response to drug cues ?

Is there individual variation in “cue-vulnerability’ ?
(Genetics? Epigeggtics / prior Trauma/Abuse) ?

Can we link the cue-trigﬁd br®n responses to RELAPSE ?

Is there hope? Can we impact the “cue-vulnerable” phenotype
with a (DA-modulating) medication?

What’s next on the horizon?




What’s next on the horizon? Stay tuned:

NIDA P30 DA046345 (PET Addiction Center of Excellence, Mach / Kranzler )
Upcoming call for Pilot Project proposals (2-3 pages) — suited to
our existing PET tracers -- With strong translational emphasis for
Opioid Use Disorders

NIDA RO1DA039215 (Targeting Dopami 3 Receptors in Cocaine)

Continue ongoing imaging assess fthe D3(D2) partial agonist
Cariprazine on our probes for re d inhibition*, monitor brief
relapse window

NIDA UG1DA050209 (“CLIN” -> Clinical Laboratory with Integrated
Neuroscience for assessing target engagement and early efficacy of
medications for substance‘e disorders, pending)

Candidate anti-relapse medications will teste(l1 opioid patients who are also taking long-
acting depot naltrexone : commercially-available candidates include cariprazaine (our D3/D2
partial agonist, Vraylar), the dual orexin-antagonist suvorexant (Bellsomra), and cannabidiol
(Epidiolex) a non-euphorigenic phytocannibinoid recently approved for treatment-resistant
childhood epilepsy — and with some demonstrated impact on cue-triggered responses and on
opioid self-administration and opioid withdrawal (it has positive allosteric modulation at mu
opioid and kappa opioid receptors). Other potential future agents include GABA B PAMS
(Indivior), selective orexin 1 antagonists (Indivior) , and D3 antagonists (Indivior).




Brain targets: Relapse Prevention

fMRI

Scan Day 1

Scan Anatomical ASL BOLD Brief Cue | 1 ['BuefCuell | [High Res.
Localizer | Resting Scan . Resting Scan . (33 msec) . Go-NoGGG | | (500 msec) Structural De-Brief
5 5

Minutes 30 sec 8.25 5.5 2 35_ 3

Scan Day 2 - Task Day
Scan Anatomical ASL BOLD Craving- High Res. Affect [" Behavioral

Localizer |Resting Scan| |Resting Scan | | Inhibition | | Structural | | Regulation | [De-Brief | Tasks
Minutes 30 sec 5 5 B 75 | 3 B 75 (60 min)

NEW B,;ﬂ : PET tools to complement our fMRI probes

* to infer endogenous DA * to measure receptor occupancy

Dr Robert H. Mach




Relapse-relevant Brain Targets.....

....to accelerate the way forward in anti-relapse
medication development for cocaine and other
substance use disorders.




Thank You
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