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Drug addiction is a brain disease characterized
by compulsive drug-seeking and taking and a high
likelihood of relapse when exposed to drugs or drug-
associated cues, even long after abstention [1]. Relapse
is the major challenge for the treatment of drug addiction
in humans. Cocaine is a widely abused drug that causes
significant morbidity and mortality. There are currently
no FDA-approved medications for reducing cocaine use
or treating relapse in cocaine addicts. Moreover, there
are no interventions for the acute emergencies that result
from cocaine overdose. A novel skin stem cell-based
gene therapy has recently been described to be effective
in reducing core features of cocaine abuse in laboratory
mice [2], offering hope of producing the first medication
for treating cocaine abuse, and adding a new tool for
treating drug abuse and co-abuse.

The development of the cutaneous and gene-based
safeguard against cocaine abuse was fueled by three
technical advances. The first is the availability of the
modified human butyrylcholinesterase (hBChE) [3].
BChE is a natural enzyme that is present in hepatocytes
and plasma and it hydrolyzes its normal substrate
acetylcholine. BChE can also hydrolyze cocaine into
products low in toxicity and rewarding properties [3].
Recent advance in protein engineering has greatly
enhanced catalytic potency and substrate specificity
of BChE for cocaine hydrolysis [4], and for protecting
against cocaine-induced behaviors, including acquisition
and reinstatement of intravenous self-administration
in rodents [5-6]. hBChE has a much higher catalytic
efficiency than parent hBChE with significantly reduced
activity for acetylcholine [4]. hBChE has a very short
half-life in vivo, however, limiting its potential in treating
cocaine abuse in users [7]. The second is the availability
of the CRISPR technology which allows site-specific

modification of target genomes with great precision
[8], efficiency and reduced potential risks, offering an
ideal alternative to the current delivery approaches with
potential limitations and side-effects.

The third and perhaps the most important advance
is that Wu and colleagues developed a method for
preparation of mouse skin organoid culture and
engraftment of the cultured mouse skin substitute to
the immunocompetent host mice [2,9]. The epidermal
progenitor cells of the skin have several major and unique
advantages making them particularly suited for gene
therapy ex vivo: i) skin is the most accessible organ in
the body, offering availability for collection of epidermal
progenitor cells with well-established procedures. It is
easy to monitor the skin for potential off-target effects
of gene targeting and to remove or replace it in case of
adverse consequences. ii) Cultured epidermal progenitor
cells can be induced to differentiate and the resultant
cultured epidermal autograft (CEA) can be transplanted
to donors with routine protocols. The grafted CEAs are
stable in vivo and can last for decades in clinical follow-
up studies. iii) Somatic gene therapy with epidermal
progenitor cells is tissue specific. iv) Epidermal
progenitor cells can withstand long-term culture in vitro
without losing stemness, permitting engineering with
genome editing technology using a viral-free approach.
v) Epidermal progenitor cells have low immunogenicity.
vi) It has been well-documented that proteins secreted
by skin epidermal cells, can cross the epidermal/dermal
barrier and reach circulation to achieve therapeutic effect
in a systemic manner.

To address the urgent need to develop a long-lasting
treatment of drug abuse, the Wu and Xu labs teamed
up and tested whether a skin-based platform for long-
term delivery of genes may provide a safeguard against
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and effective way of treating drug abuse in mice. They
found that, upon targeting an hBChE gene into epidermal
progenitor cells and grafting the engineered cells, the
transgene products can be produced in vivo and can
efficiently protect mice from cocaine-seeking behavior
including acquisition and relapse, and cocaine overdose
[2]. The approach is specific in protecting against cocaine
abuse, and not abuse for methamphetamine and alcohol.
Not surprisingly, expression of BChE in grafted mice
removes cocaine much more quickly in vivo, leading to
reduced extracellular DA and locomotor activity [2]. The
implications of these results are potentially significant:
1) cutaneous gene therapy through skin transplants that
elicits drug elimination may offer a therapeutic option
to address cocaine abuse, including reducing ongoing
and continuous use, relapse induced by drugs, and
lethality in users and addicts seeking help or treatment.
i1) This approach is expected to be long-lasting, highly
specific and efficient with little individual variation.
iii) It is minimally invasive, not tumorigenic, safe with
minimal immune responses, low maintenance and high
compliance. iv) The cutaneous gene therapy can also
be expanded to treat environmental cue- and stress-
induced relapse, other drugs of abuse including alcohol,
nicotine and opioid and co-abuse of different drugs, and
other comorbid conditions. Although much work is still
needed before clinical trials can begin, a very recent and
encouraging clinical intervention showed that transgenic
CEAs could be used to replace the entire skin epidermis
and saved a pediatric patient from the life-threatening
skin disease, junctional epidermolysis bullosa, strongly
supporting the feasibility of the cutaneous gene therapy
[10].

Available gene therapies involve complex procedures
and are extremely expensive. For examples, Glybera, the
first AAV-based therapy approved by EU for treatment
of lipase deficiency, costs more than $1 million dollars
[11]. By contrast, isolation of skin stem cells, CRISPR
targeting and preparation of genetically modified
cultured epidermal autograft are well-established and
routine technically. There are several commercial CEAs
available (~$1,000 per 100 cm?) [12] and the grafting
procedures are relatively inexpensive [13]. The cutaneous
gene therapy involves grafting of immunocompetent host,
does not require lengthy hospitalizations, and the grafting
procedure has been clinically used for treating burn
wounds for decades. Together, the use of skin epidermal

progenitor cells to deliver one or more therapeutic agents
has potential to be feasible and affordable for treating
drug abuse in humans. These key features of the new
approach make it very hopeful of providing a desirable
new tool in the near future to help millions of people with
drug misuse disorders.
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