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The claustrum, a brain nucleus located between the cortex and the striatum, has recently been highlighted in drug-related reward processing. Meth-
yl CpG-binding protein-2 (MeCP2) is a transcriptional regulator that represses or activates the expression of the target gene and has been known
to have an important role in the regulation of drug addiction in the dopaminergic reward system. The claustrum is an important region for regulat-
ing reward processing where most neurons receive dopamine input; additionally, in this region, MeCP2 is also abundantly expressed. Therefore,
here, we hypothesized that MeCP2 would be involved in drug addiction control in the Claustrum as well and investigated how claustral MeCP2
regulates drug addiction. To better understand the function of human claustral MeCP2, we established a non-human primate model of metham-
phetamine (METH) - induced conditioned place preference (CPP). After a habituation of two days and conditioning of ten days, the CPP test was
conducted for three days. Interestingly, we confirmed that virus-mediated overexpression of MECP2 in the claustrum showed a significant reduc-
tion of METH-induced CPP in the three consecutive days during the testing period. Moreover, they showed a decrease in visit scores (frequency
for visit) for the METH-paired room compared to the control group although the scores were statistically marginal. Taken together, we suggest that

the claustrum is an important brain region associated with drug addiction, in which MeCP2 may function as a mediator in regulating the response

to addictive drugs.
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INTRODUCTION

Methyl CpG-binding protein-2 (MeCP2) is a transcriptional
regulator that represses or activates the expression of target genes
by binding to methylated DNA [1, 2]. MeCP2 is abundantly ex-
pressed in the neurons of adult brains [3], and MeCP2 mutations
cause neurobehavioral abnormalities that range from mild cogni-
tive disabilities to neurodevelopmental disorders including autism
and Rett syndrome [4,5].
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Drug addiction causes behavioral changes by altering the func-
tion of several decisive molecules implicated in dopaminergic
pathways [6, 7]. In recent decades, the relationship between
MeCP2 and drug addiction has been identitied [6, 8-10]. The
decrease of MeCP2 in the dorsal striatum attenuated cocaine
consumption in the self-administration test of rodents [8], and the
increase of MeCP2 in the NAc (nucleus accumbens) reduced the
amphetamine-induced conditioned place preference [9]. These
results suggest that MeCP2 has an important role in modulating
the addiction response in the dopaminergic reward system.

The claustrum is a thin sheet of gray matter located in between
the insula and striatum. Although it has been previously reported
to be associated with attention, sleep, and consciousness [11-13],
more recently, the claustrum has been highlighted as a pivotal
area related to reward processing and drug addiction [14-19]. The
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claustrum receives dopaminergic innervation from midbrain do-
pamine centers such as the ventral tegmental area and substantia
nigra, and more than half of the neurons are composed of neu-
rons expressing dopamine receptors [18, 20, 21]. The study that
explored the reward-related role of the claustrum showed that the
inhibition of the claustrum activity reduces cocaine addiction-
related responses in the conditioned place preference and sensi-
tization tests [18]. Specifically, when rewards are presented, the
claustrum helps to initiate attention and salience responses for the
rewards and forms cue-reward associations [16, 17]. In the early
stages of the reward and cue association, the neural activity of the
claustrum is increased from the cue onset of signal initiation to the
reward delivery, and this claustral activity helps to form associa-
tions between the reward and the correct cue. Furthermore, it has
been reported that the inhibition of claustral neurons projecting
to the medial prefrontal cortex attenuated methamphetamine-
induced impulsive behavior [19]. Although the claustrum is one of
the important brain regions in drug addiction, the effect of epigen-
etic modifications in the claustrum on addiction behavior remains
poorly understood.

MeCP2 has been reported to regulate drug addiction within
the dopamine pathway and is abundantly expressed in the Claus-
trum [22]. Therefore, we hypothesized that the claustral MeCP2
could be closely involved in the regulation of the addictive drug
responsiveness and confirmed how MeCP2 in claustrum regulates
drug addiction. To this end, we developed a primate model of the
METH-induced conditioned place preference test and investi-
gated whether the regulation of claustral MeCP2 affects METH
preference. In addition, we sought to better understand the func-
tion of human claustral MeCP2 in drug addiction by using a pri-
mate model that is more physiologically similar to humans than

rodents.
MATERIALS AND METHODS

Animals

Four adult-male cynomolgus monkeys were used in the pres-
ent study, weighting in at 2.6~3.6 kg prior to their enrollment in
this study. The monkeys were tagged and housed in individual
cages for a year or more since their arrival at the Korea Institute of
Toxicology (KIT). The monkeys were housed individually under
standard conditions (a 12-hour light/dark cycle with the light on
from 08:00 to 20:00 hours, humidity at 30~70% and temperature at
23+3°C) in the animal facility. Institutional Animal Care and Use
Committee (IACUC) approval for the experimental procedures at
the Korean Institute of Toxicology (Approval Number: KIT-1610-
0367, protocol Number: B216062, 18 October 2016) was obtained
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before the start of the study. All animal care was performed follow-
ing the guideline of the Association for Assessment and Accredita-
tion of Laboratory Animal Care (AAALAC).

Virus preparation and surgery

Human full-length MeCP2 (486 amino acids) was cloned into
pAAV-Efla-mCherry (control vector, Addgene, Plasmid #114470).
Constructs were packaged in the AAV-DJ/8 Rep-Cap plasmid (Cell
biolabs, #VPK-420-DJ-8). Monkeys were deeply anesthetized with
about 8 mg/kg zolazepam hydrochloride (zoletil®50) and were
bilaterally injected with 30 ul (2.5 ul/min) volumes into the claus-
trum of each hemisphere [coordinates from the bregma according
to Szabo and Cowan [23]: +19 mm anteroposterior (AP), £13.5
mm mediolateral (ML) and -16 mm dorsoventral (DV)]. After in-
jection and dose delivery, a 26-gauge needle Hamilton syringe was
left in the injection site for 10 min and was then slowly withdrawn.

Conditioned place preference test

Four weeks after the surgery, monkeys were subjected to the con-
ditioned place preference test (CPP) (Fig. 1). During the habitua-
tion phase, the monkeys were individually guided into the center
room where they were left to freely explore the three rooms for 50
minutes. Each room was allocated as either center, meth-paired, or
saline-paired rooms based on the initial preference formed dur-
ing the habituation phase. The meth-paired room was assigned
based on where the monkeys spent relatively the least amount of
time in each of the rooms. The room opposite to the meth-paired
room was assigned as the saline-paired room. After the two-day
habituation period, the monkeys were trained for CPP. During the
conditioning phase, monkeys were either given METH (3 mg/ml/
kg) or saline injections on an alternating injection scheme. The
conditioning phase began with a saline injection. During the con-
ditioning phase, the monkeys were given either METH or saline
injection in their home cage. At 5 min post-injection, they were
confined in the respective rooms for 50 min (days 4,6,8, 10 and 12
with METH and days 3, 5,7,9 and 11 with saline). After ten days
of conditioning, a post-test was conducted, and the monkeys were
tested for CPP. In the post-test phase, the monkeys were given ac-
cess to freely explore the three rooms after entering the middle
room without any METH or saline injections. The post-test was

performed for 50 minutes for three consecutive days.

Apparatus

The CPP test was conducted in a CPP chamber suspended 48.5
cm from the floor. The apparatus consisted of three-square rooms
connected laterally (Fig. 1). The size of each room was 60x70x78
cm (Ixwxh). Each room was colored for high contrast (black, gray,
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Fig. 1. Experimental schedule of the CPP test Four weeks after virus injection, habituation was conducted for two days before the CPP conditioning

(H1-H2). Conditioning was done in the CPP chamber consisting of three-

square rooms connected laterally. The CPP u)ndm()mnU lasted for ten dA}s

(D3~D12). The CPP tests (post-test; P1~P3) were conducted on days 13~15 for three days. Necropsy was conducted on the first day after the final day of
the post-test (P3). S: saline, M: METH, H: habituation, C: conditioning, P: post-test.

or white), and the center room colored gray was designated as the
start zone. The CPP chamber was kept at a constant temperature
0f 23 (+3C) and illuminated at 300~700 lux.

Drug

Methamphetamine hydrochloride (3 mg/ml/kg) provided by the
National Institute of Food and Drug Safety Evaluation (NIFSD,
South Korea) was dissolved in saline (0.9%) for subcutaneous (SC)
injection. A 0.9% saline solution was used as the vehicle control on
alternating days with the METH injections.

Immunohistochemistry

Monkeys were deeply anesthetized with 0.8 g/kg thiopental so-
dium one day after P3. Brains were harvested and immediately im-
mersed in 4% ice-cold PFA and incubated at 4C on a shaker for 3
days (72 hours). Then, the brains were incubated in 10% sucrose at
4°C on a shaker until submersion and then sequentially incubated
in 20% and 30% sucrose. Brains were coronally sectioned (40 pm)
in a cryostat at 20T (Leica, Wetzlar, Germany). Sectioned brain
slices were washed three times in 1X PBS followed by blocking in
5% normal goat serum and 0.3% Triton X-100 in PBS for 2 hours.
The brain sections were incubated overnight at 4C in Rabbit anti-
MeCP2 (1:250, 07-013, Millipore, MA, USA) and Chicken anti-
mCherry (1:1,000, B205402, Abcam, Cambridge, U.K.). After
washing three times, the sections were incubated in Alexa Fluor
488 goat anti-rabbit IgG (1:400, A-11008, Life Technologies, CA,
USA) and Alexa Fluor 594 goat anti-chicken IgG (1:500, A-11042,
Life Technologies, CA, USA). Finally, the sections were washed
three times and then mounted onto coverslips using a mounting
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medium with DAPI solution (H-1500, Vector Laboratory, CA,
USA). Confocal images were taken by using a Zeiss LSM800 Con-
focal Microscope (Oberkochen, Germany). MECP2 immunore-
activity was analyzed using the Image]J software from the National
Institutes of Health (MD, USA).

Measurement and data analysis

A camera was installed in front of the center room, and the video
was recorded by a computer outside the room. The activity was
measured using the Vigie Primates V2.5 software, and the thresh-
olds were set as previously described by Liu et al. [24]. The statisti-
cal package PRIZM 6 was used for the data analysis. Analyses for
the CPP were conducted by comparison of the test trials with the
pre-CPP levels seen on the last habituation trial (H2) [25]. The
preference scores were calculated as follows: [post-test: duration of
visits in the METH-paired room/(duration of visits in the METH-
paired room-+duration in the saline-paired room)]-[habituation
day2 (pre-test): duration of visits in the METH-paired room/(du-
ration of visits in the METH-paired room-+duration in the saline-
paired room)]. Larger CPP scores represent a stronger preference
for METH. The visit score (the frequency of visits to the METH-
paired room) and the locomotion score (the distance moved in
the METH-paired room) were also calculated using the aforemen-
tioned formula. Analyses for the behavioral sensitization effect
induced by repeated addictive drug exposure were performed by
comparing the distance moved during the METH and the saline
conditioning trials in the final six days (C5-C10) for the control
and MeCP2 groups.

All data measurements including preference, visit, and locomo-
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Fig. 2. The expression of hMeCP2 in the claustrum. (a) The site where the virus was injected in the claustrum of a cynomolgus monkey (anteroposte-
rior (AP): +19 mm, +£13.5 mm mediolateral (ML), and -16 mm dorsoventral (DV)) is indicated in the red box. (b) Confirmation of injected location in
the claustrum, IC: Insula cortex, CLA: claustrum (left: bright field, right: mCherry). (c) Representative immunoreactivity in the claustrum in the control
and MeCP2 expressed groups, 50 um (red: mCherry, green: MeCP2, blue: DAPI). Arrows correspond to representative co-localizations of MeCP2 and
mCherry immunoreactivity with DAPI staining, (d) Densitometry analysis of MeCP2 immunoreactivity in the control group [30 cells/ 2 cases] and

MeCP2 expression group [30 cells/2 cases].

tion scores, and the distance traveled were compared using the
two-way mixed ANOVA analysis. After ANOVA analysis, multiple
comparisons were performed with Fisher's LSD. The significance
level for all tests was set to a p<0.05.

RESULTS

To understand how the claustral MeCP2 has a critical role in
METH addiction, human MeCP2 was expressed in the claustrum
by bilateral microinjection of the AAV virus that included the
expression vector for the MeCP2 protein. The similarity of amino
acids between human and cynomolgus monkeys was 99.8% (all
matched except 1 amino acid out of 486). For the control group,
a control vector (AAV-Efla-mCherry) in which MeCP2 was not
cloned was injected into the claustrum. The injection site was vali-

https://doi.org/10.5607/en22034

dated by mCherry (Fig. 2a, b), and the efficiency of AAV-MeCP2
was confirmed with immunohistochemistry (Fig. 2¢, d). Neurons
expressing AAV-MeCP2 showed a stronger intensity of MeCP2
than neurons without the virus expression (£=24.92, p<0.0001).

During the habituation phase, there was no difference in prefer-
ence between both groups (Fig. 3b). Three monkeys preferred the
black room to the white room, and one monkey had no preference
for any specific room (Fig. 3¢, d). Their non-preferred room (white
room) was chosen as the drug-paired room and the preferred
room (black room) as the saline-paired room [26].

After ten days of conditioning, a post-test was conducted for
three days. The expression of MeCP2 in the claustrum attenuated
the preference for the 3 mg/kg METH-paired room in all post-test
sessions (Fig. 3e). Although both groups showed more preference
for the METH-paired room than for the saline-paired room, there
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Fig. 3. Effect of MeCP2 expression in the claustrum. (a) METH conditioned place preference chamber. (b) Time spent in the CPP chamber during the
2 days of habituation. (¢, d) Duration of the subject spent in each CPP room prior to the METH conditioning, (¢) The preference scores for the METH-
paired room during the three days of the post-tests. A score value higher than 0 means that the preference for the METH-paired room is higher than the
preference for the saline-paired room. (f~h) The preference scores for the METH-paired room within 0~10, 10~20, 20~30, 30~40 and 40~50 minutes.
(i~k) The preference scores for the METH-paired room within 0~30 and 30~50 minutes. Data are expressed as the mean + SEM. *p<0.05, **p<0.01 com-

pared to the control group.

were significant differences in the preference scores between the
MeCP2 expression group and control group in all post-test ses-
sions (virus group: F; ,=30.79, p=0.0310; virus group in post-test
dayl: £=3.958, p=0.0075; virus group in post-test day2: t=3.683,
p=0.0103; virus group in post-test day3: £=5.472, p=0.0020). The
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difference in the preference scores between the post-test sessions

(from day1 to day3) was not significant for the control group.
However, the CPP score for the MeCP2 expression group

showed a tendency to be decreased in the third post-test session

compared to the first post-test session, implying that the repeated

https://doi.org/10.5607/en22034
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Fig. 4. Locomotor activity before and after CPP conditioning. (a,b) The distance moved in the CPP chamber. (c) Visit score for the METH-paired room
during the three days of the post-test. A high score means that the frequency of visits to the METH paired room is higher compared to that of the saline-
paired room. (d) Locomotion score for the METH-paired room during the three days of the post-test. A high score means that the distance moved in the
METH paired room was longer compared to the saline-paired room. (e, f) The distance moved during the final six days of the conditioning phases. All
data are expressed as the mean + SEM. *p<0.05, **p<0.01 compared to the control group.

exposure to the CPP room without METH injection attenuated
the association between the METH and METH-paired room
in the MeCP2 expression group (post-test day 1 versus day 3 in
MeCP2 expression group: t=2.618, p=0.0589).

Each post-test session was analyzed in 10 minute intervals, in
which there was a significant difference in preference score be-
tween the virus groups in the second and third post-test sessions
[virus group in post-test dayl: F|,=18.39, p=0.053 (marginal), 30
min ¢=2.460, p=0.0337; virus group in post-test day2: F,,=2648,
p=0.0004, 10 min ¢=3.271, p=0.0084, 30 min ¢=2.038, p=0.0689
(marginal); virus group in post-test day3: F,,=24.03, p=0.0392,
10 min ¢=2.086, p=0.0636 (marginal), 20 min £=2.159, p=0.0562
(marginal), 30 min £=2.064, p=0.0659 (marginal)] (Fig 3f~h). As
the preference for the METH-paired room in the control group
decreased from 30 minutes after the start of the CPP test, we
further analyzed the preference for the METH-paired room by
dividing the test time into before and after 30 minutes. There was a

https://doi.org/10.5607/en22034

significant difference in the preference score for the METH-paired
room between both groups during the first 30 minutes of all post-
test sessions (virus group in post-test dayl: F, ,=17.84, p=0.0518
(marginal), 0~30 min t=4.036, p=0.0157; virus group in post-test
day2: F| ,=132.8, p=0.0074, 0~30 min ¢=3.605, p=0.0227; virus
group in post-test day3: F, ,=42.35, p=0.0228, 0-30 min ¢=3.648,
p=0.0218) (Fig. 3i~k).

In further analysis, we confirmed that MeCP2 expression in-
duced a higher level of distance moved compared with those in
monkeys injected with the control virus [virus group: F,,=31.04,
p=0.0307; habituation day2: t=2.122, p=0.0598 (marginal), post-
test day3: £=2.503, p=0.0313) in Fig. 4a; virus group: F, ,=15.83,
p=0.0578 (marginal)] (Fig. 4a). However, there were no significant
differences between the control and MeCP2 groups in the total
distance moved before and after the METH conditioning (each
habituation day versus post-test day), suggesting that the increase
in locomotor activity in the MeCP2 group was not caused by the
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METH conditioning (Fig. 4a,b).

Moreover, MeCP2 expression did not increase the visit score and
the locomotion score for the METH-paired room (Fig. 4c, d). Al-
though not statistically significant, additional analysis for the visit
score in each post-test session revealed that the MeCP2 expression
group showed a tendency to have lower visit scores than the con-
trol group on the first post-test sessions (post-test day1: ¢=1.989,
p=0.0938). We also confirmed the behavioral response from
repeated addictive drug exposure by comparing to the distance
moved during the saline- and METH-conditioning during the
final six days of conditioning. There was no effect of the METH
injection on locomotion compared to that of the saline injection
which is consistent with previous studies that examined response
to addictive drugs in non-human primates (Fig. 4e, f) [25-27].

DISCUSSION

In this study, we confirmed that MeCP2 is an important factor
in regulating the response to addictive drug in the claustrum. The
increase of MeCP2 in the claustrum decreased the METH prefer-
ence in cynomolgus monkeys. In all 3-day post-test sessions of
the CPP, an increase of MeCP2 in the claustrum diminished the
preference for the METH-paired room compared to the control.
Additionally, although there was no statistical significance, the vis-
iting frequency (visit score) to the METH-paired room was lower
in the group with increased claustral MeCP2.

The function of the claustrum in drug addiction still is not fully
understood. Recently, a small number of studies have reported
that the claustrum may regulate reward processing and drug ad-
diction [14, 18, 19]. Terem et al. have reported that the inhibition
of claustrum neurons receiving dopaminergic inputs from ventral
tegmental area and substantia nigra reduces cocaine sensitization
and cocaine CPP [18]. In addition, optogenetic activation of fron-
tal-projecting claustral neurons without the injection of addictive
drugs during the CPP conditioning session induced real-time
CPP, which indicates claustrum involvement in the reward system.
Our study supports that the claustrum has an important role in
controlling drug addiction responses. Moreover, the increase of
MeCP2 in the claustrum seems to be involved in reducing the
preference for METH and weakening the association with METH
and the METH-paired room. In our non-human primate model,
the CPP was strongly maintained in the control group even 3 days
after conditioning. This result may indicate that once the prefer-
ence for an addictive drug is formed, more time is required for
the preference for the addictive drug to be extinguished. Indeed,
previous studies have reported that the morphine-induced CPP
was still maintained even 75 months after forming an association
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between morphine and a morphine-paired room [26, 28]. In this,
the role of MeCP2 in relieving dependence on addictive drugs
has biological significance because we found that an increase in
MeCP2 in the claustrum lowered the preference for METH.

One thing to consider is that the effect of increasing MeCP2 on
addictive drug preference is similar to that reported by Terem et
al,, that is, decreased addictive drug preference after inhibiting the
activation of claustral neurons. It is possible that the increase of
MeCP2 in the claustrum is related to the inactivation of the claus-
tral neuronal population through various molecular pathways. In-
deed, several studies have reported that MECP2 influences neuro-
nal activation [9, 29, 30]. For instance, in hippocampal neurons of
MeCP2 knockout mice, the MeCP2 knockout induced a decrease
in the frequency of spontaneous excitatory synaptic transmissions
(mEPSCs) compared to the wild type control [29]. In another
study, the spine densities of GABAergic synapses in NAc were not
enhanced in AMPH-treated mutant mice bearing a hypo-morphic
mutation in Mecp2 (Mecp2™), while chronic AMPH treatment
induced an increase in spine densities in WT mice relative to their
vehicle controls [9]. These synaptic or structural alterations may
regulate neuronal activity in other brain regions related with the
claustrum. Further studies are required to elucidate the relation-
ship between MeCP2 and neuronal changes by identifying the
genes related to neuronal activity which are regulated by MeCP2
or by confirming the changes in neuronal activity by MeCP2 al-
teration during the post-test.

Another significance of our study is the development of a non-
human primate model of METH CPP. So far, the METH-induced
CPP test has not been performed in the non-human primate
model. We first constructed the non-human primate model for the
METH-induced CPP test. For this, we referred to other METH
CPP rodent models and psychostimulant non-human primate
CPP models reported in previous studies [26, 28, 31, 32]. The
conditioning time was determined to be 50 minutes based on the
plasma concentration peak found around 50 to 60 minutes in
response to treatment with a METH dose of 1 and 5 mg/kg (SC)
in rodents [31]. We also administered a METH dose of 3 mg/kg
(SC) in the conditioning phase, in which METH induced CPP was
confirmed in previous reports [33]. We found that the CPP was
sufficiently formed at a METH dosage of 3 mg/kg with 50 minutes
of 5 conditioning periods per day for 10 days in the non-human
primate model. Additionally, we performed post-tests for 3 con-
secutive days to confirm the changes in the CPP level over time
[26,28]. In most of the studies that included the CPP test, the mea-
surement time of the post-test was set within 15-30 minutes [26,
34]. We set the measurement time of the post-test to 50 minutes,

which is longer than previously reported, to observe the changes in
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preference for the METH-paired room over time. As a result, the
CPP did not decrease in both groups during the initial 30 minutes,
and differences were not observed between the groups after 30
minutes, suggesting that setting the CPP test time to 30 minutes is
sufficient [26,32].

In this study, the expression of MeCP2 increased the locomotion
compared with the control group. However, despite the increase in
locomotion, the locomotion score for the METH-paired room in
the MeCP2 expression group showed no difference compared to
the control group. These results imply that the increase in locomo-
tion may not be induced by addictive drugs. Instead, the increase
in locomotion by increasing MeCP2 may be associated with the
connectivity of claustrum with regions related to motor function
such as the motor cortex [35], striatum [36, 37], and substantia
nigra [18]. In addition, the increase in locomotion induced by the
claustral MeCP2 elevation may be considered to be associated
with various psychopathological symptoms in addition to the
change in motor function. For example, the claustrum receives
inputs from the basolateral amygdala and has been reported to be
interconnected with the orbitofrontal cortex, an area associated
with anxiety [38, 39], which implies claustrum involvement in
emotional processing [37]. Existing animal studies have reported
a negative correlation between the level of anxiety and the loco-
motion [40, 41]; thus, the enhanced locomotion induced by the
increase in claustral MeCP2 may suggest a decrease in the level of
anxiety in our study. However, further studies are needed as we did
not verify whether claustral MeCP2 affects the regulation of anxi-
ety levels.

Additionally, our data showed that in both the control and
MeCP2 groups, saline and METH injections did not induce a dif-
ference in locomotion during the conditioning phase (Fig. 4e, f).
Whereas, previous studies have shown that repeated psychostimu-
lant exposure elicits a hyper-locomotor response in rodent models
[42,43]. Our results are similar to the reports utilizing non-human
primate models that do not show changes in locomotion with
CPP conditioning or repeated drug exposure [25-27], indicating
that there may be variations in the addictive drug response due
to interspecies differences in mesolimbic dopaminergic systems.
For example, hyper-locomotion after repeated exposure to ad-
dictive drugs has been reported to be related to the dopaminergic
system in the striatum of rodent models [44, 45]. Furthermore,
although an increase in drug dose improved sensitization and led
to an increase in the release of dopamine (DA) from the striatum
of rodents [46], this effect was not observed in the monkey model
[47, 48]. Moreover, in an human imaging study using PET scan,
subjects who were repeatedly exposed to addictive drugs showed

a decrease or no increase in addictive drug-induced DA release
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compared to the healthy control group [47, 49]. Therefore, the in-
terspecies differences in striatal dopaminergic function may have
induced various locomotion responses. In fact, studies using hu-
man subjects measure parameters of sensitization by tracking the
changes in the levels of energy, mood, and verbalization along with
eye blinking [50, 51]; in non-human primate studies, parameters
such as verifying that the animal has visual confirmation of the en-
vironmental conditions or that it tracks non-existent objects have
been used to measure sensitization [47].

In this study, we confirmed that claustral MeCP2 is an important
factor in regulating addictive behavior. We also showed the ef-
fects gene expression regulation in the claustrum may have on the
preference for addictive drugs. Moreover, this is the first study that
investigates the role of MeCP2 on drug addiction in a non-human
primate model. Although there have been studies that utilized
rodent models to identify the role of MeCP2 in addiction, it is
unclear whether these MeCP2 functions hold translative power in
human drug addicts. Therefore, there is a need to identify the func-
tion of MeCP2 in drug addiction in a non-human primate model
to improve its clinical application. In this study, we confirmed the
role of MeCP2 in drug addiction by using a non-human primate
model that expresses MeCP2 with nearly the same amino acid
sequences found in human MeCP2 and by transducing human
MeCP2 expression in the primate claustrum. Addictive drugs like
METH causes a variety of molecular changes in various parts of
the brain known to be altered by the administration of the drug
[6, 52]. Thus, identifying molecules associated to the alteration of
MeCP2 within the claustrum will increase the understanding of
the neurological mechanisms for drug addiction and increase the

likelihood of clinical applications.
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