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L7z, ZOfER., BIPERS 2T 5 cFos—GFP positive cell T, cFos—GFP negative cell [ZEh,
tyrosine hydroxylase 33 J T8 dopamine transporter mRNA, aldehyde dehydrogenase (ALDH) lal mRNA
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Our project consist of two groups: One is “preparing the documentary literature as a reference
to establish the guideline to detect the abuse potential for drug development and Collection of
Q & A for drug abuse research” . The other one is “establishment of novel system to evaluate

the abuse potential”.

In our new guideline, (1) pharmacokinetic (PK) and pharmacodynamics (PD) characteristics, (2)
a chemical structure similar to any active substance with dependence potential, (3) a receptor
binding profile, and (4) gross behavior observation data are required for animal pharmacology
studies as the primary evaluation (Kiyofumi Yamada).

If the abuse potential of developing product could not be ruled out in the primary evaluation,
animal studies should be required as the secondary protocol to evaluate the abuse potential of
developing product. Such animal studies include physical dependence studies (Tsutomu Suzuki)
psychic dependence studies (i.e. the self-administration paradigm (Hisatsugu Miyata), conditioned
place preference paradigm (Atsumi Nitta), intracranial self-stimulation paradigm (Kazutaka
Ikeda)), and subjective effects studies (i.e. the drug discrimination paradigm) (Tomohisa Mori).
Therefore, we made a new protocol for each animal model, and discussed experimental protocol
including animal species, a route of drug administration, range of doses, a timing of estimation,
and PK/PD indexes

Now we just received comments from PMDA, and start revising them. We are going to ask comments
from Japan Pharmaceutical Manufacturers Association (JPMA) to fine—tune them.

On the other hand, to submit the collection of Q & A for drug dependence research, we asked
JPMA about “Question” for the models to evaluate a drug dependence to understand what they do
not know well. JPMA conducted a questionnaire survey about “the models to evaluate a drug
dependence” , and they had fed back the results to us. We have also received the comment about

the results from JPMA. Our members have added several Q & A to improve the collection (two questions



for physical dependence, six questions for psychological dependence, 2 questions of drug

discrimination study etc.). We will reply against all Qs

Next, we performed the research concerning “establishment of novel system to evaluate the abuse

potential” and we got results as follows;

We have been facing the problem that self-administration procedure as well as conditioned place
preference procedure could not evaluate the abuse liabilities induced by hallucinogenic. Here
there is a possibility that drug discrimination procedure in rats trained to discriminate between
hallucinogenic and saline would be useful to evaluate the abuse liability—induced by
hallucinogenic. In this study, several illegal drugs, which have hallucinogenic effects,
completely substituted for the discriminative stimulus effects of MDMA or THC, indicating that
the drug discrimination procedure using hallucinogenic as a training drug is useful for evaluating

the abuse liability induced by hallucinogenic (Tomohisa Mori).

Using DNA microarray-based transcriptome analyses, we identified a group of genes whose
expressions were changed by repeated treatment with cocaine in the nucleus accumbens of wild—type
mice. The expressions of some of these genes were unaffected in EP1-deficient mice. In parallel,
we examined groups of genes whose expressions were changed by repeated social defeat stress, and
found the distinct patterns of changes in microglia of the medial prefrontal cortex and the nucleus
accumbens. The affected genes include innate immune molecules, transcription factors
intracellular signaling molecules and epigenetic regulators, and the expression of some of these
genes depended on certain innate immune molecules. Using transcription factor-binding motif
analysis, we narrowed down the candidates of transcription factor-binding motifs which mediate
repeated social defeat stress—induced transcriptional regulation specific to mPFC microglia and

dependent on the innate immune molecules (Tomoyuki Furuyashiki).

The influence of deletion of dopamine transporter (DAT) and u opioid receptor (MOP) on
intracranial self-stimulation (ICSS) behavior was investigated, and ICSS was maintained even if
either MOP or DAT was deleted. It was shown that each deletion had a different influence on the
reward system, and in particular, it was suggested that the DAT is strongly involved in the

continuation of the reward acquisition behavior (Kazutaka Ikeda).

We have characterized the activated cells induced by ethanol (EtOH) or morphine by analyzing
Thyl+/GFP+ (positive) and Thyl+/GFP- (negative) cells in the ventral tegmental area of cFos—TRAP
mice. In this study, the mRNA levels of tyrosin hydroxylase, dopamine transporter and aldehyde
dehydrogenase (ALDH) lal were much higher in cFos—GFP positive cell as compared to those in cFos—GFP
negative cells. It has been reported that ALDHlal is an important for the synthesis of
v —aminobutyric acid (GABA) in the dopaminergic neurons, so that addictive drugs may reduce the
amount of GABA in the ventral tegmental area. Furthermore, effects of methamphetamine on the
expression of ALDHlal in mice were also examined using the immunohistochemical staining method.

As a result, methamphetamine increased the number of AFosB positive cells, which have both TH
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and ALDHlal mRNA in the ventral tegmental area. These findings suggest that addictive drugs
including EtOH activate the dopaminergic neurons in the ventral tegmental area and may cause a
change in the function of dopamine neurons containing ALDHlal. We propose here that ALDHlal

could be one of the biomarker to predict the liability of drug dependence (Minoru Narita).

To develop a rapid 7in vivo screening system for drugs of abuse, we constructed adeno—associated
virus (AAV) vectors which enable to monitor the activity of transcription factors in vivo. We
confirmed that 2 different AAV vectors we made successfully express the reporter gene in NeuroZa
cells. We next monitored the transcriptional activity in response to cocaine treatment in the
AAV-injected mice expressing reporter gene in the striatum. Cocaine treatment increased
transcriptional activity compared with vehicle—treated mice. These results suggest that this
system is useful for the screening method that could predict pharmacological effects of drugs

of abuse on the CNS 7n vivo (Kiyofumi Yamada)

Methamphetamine dependence is one of the serious social problems without effective therapy now.
Therefore, we searched drug dependence-related molecules for the development of the effective
therapeutic method, and found new molecule, transmembrane protein 168 (TMEM168). TMEM168 in the
nucleus accumbens of mice played an inhibitory role in methamphetamine—induced hyperlocomotion,
conditioned place preference and extracellular dopamine elevation. Furthermore, TMEM168
interacted with extracellular structural protein osteopontin, and the osteopontin in the nucleus
accumbens of mice also inhibited methamphetamine—induced hyperlocomotion. Because several
previous reports demonstrated that osteopontin was divided in the synaptic cleft and acted on
the integrin receptors, our findings suggested that the transduction pathway of the TMEM168 /
osteopontin / integrin receptors controlled the dopaminergic hyperfunction in the nucleus
accumbens induced by methamphetamine. Thus, TMEM168-regulated osteopontin system may be a new
target pathway for the effective therapy of methamphetamine dependence via regulating accumbal

dopaminergic function (Atsumi Nitta).

To evaluate the influence of dependent forming drug to each cells, we tried to visualize and
measure the mitochondria activity in living cells. The density and the membrane potential of
mitochondria were visualized using the dye of Mito Red (SIGMA). From this study, it was observed
that membrane potential of mitochondria fade away by photo—stimulation with not whole but one
by one in each cell. And to evaluate the consequence of dependent forming drug to neuronal cells
the spontaneous activity of neurons which differentiated from human iPSCs was measured by calcium
indicator of Oregon Green 488 BAPTA (Thermo Fisher Scientific). As calcium concentration was
oscillated spontaneously in the neuron, it was considered the neuron which differentiated from
iPSCs by our protocol were highly functional, and we are ready to move on to next steps (Chikako

Hara).
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