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THERAPEUTIC STRATEGIES FOR WILSON’S DISEASE: CURRENT STATE AND PROSPECTS
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Wilson’s disease is a rare hereditary disorder caused by the ATP7B gene mutations that leads to copper metabolism disturbances and toxic copper accumulation in
the liver, brain, and other organs. The main manifestations include liver damage, neurological and psychiatric symptoms. The use of advanced treatment methods
(D-penicillamine, trientine, zinc salts) improves the outcome, but is limited by side effects and complexity of adherence to therapy. Liver transplantation is used
in severe forms, but it is limited by the donor shortage and the need for immunosuppression. In our opinion, promising areas include gene therapy involving the
use of AAV vectors and CRISPR/Cas9, mRNA platforms, and cell technologies. However, these approaches require further research for the efficacy, safety, and
accessibility improvement.
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TEPAMEBTUYECKUE CTPATErA AnA NEYEHNA BOJIE3HU BUJIbCOHA-KOHOBAJIOBA:
COBPEMEHHOE COCTOSAHUE 1 NMEPCIMNEKTBbI

A. B. VIBaHeHko, B. . Crapogy6osa, A. I, LLloxuHa =2
Poccunitcknin HaumoHanbHbI NccnefoBaTensCKUin MeAULIMHCKUN yHMBepcuTeT nmenn H. . Muporosa, Mockea, Poccuns

BonesHb BunbcoHa-KoHoBanoBa — pefkoe HacneacTBeHHOe 3aboeBaHe, BbiaBaHHOE MyTaumamin reHa ATP7B, NpuBofsilee K HapyLLeHWo MeTabonvama Mean
N ee TOKCUYECKOMY HaKOMJIEHUIO B MeYeHn, Mo3re 1 Apyrnx opraHax. OCHOBHbIE MPOSIBNEHNS — MOPAXXEHWE MeYeHM, HEBPOOMMYECKME N NCUXMATpUHecKme
CUMNTOMBI. [TpUMEHEeHMEe COBPEMEHHbBIX METOAOB NedeHns (D-neHnumnnaMnH, TPUEHTUH, CONM LMHKA) Yy4llaeT NporHo3, HO OrpaHn4eHo MoGoYHbIMM
ahhekTaMm 1 CNOXKHOCTBIO COBMOAEHV Tepanun. TpaHCIaHTaLUMIO NEYEHV NPUMEHSIOT NP TSHXeNbIX (hopMax, OHaKO OHa orpaHnyeHa Ae LMTOM JOHOPOB
1N HEOHXOOMMOCTBIO UMMYHOCYMNpeccum. [epcnekTnBHble HanpaBneHys, Ha Hall B3rMsA, BKIOYAOT reHHY Tepanuio ¢ UCnofib30BaHnemM AAV-BEKTOPOB
n CRISPR/Cas9, MPHK-nnathopMbl 1 KNETOYHbIE TEXHONOMMN, OOHAKO 3T NOAXOAbI TPEBYIOT AabHEMLLNX UCCNeaoBaHNA A1 NOBbILLEHWS 3hMEKTUBHOCTY,
6e30MacHOCTU 1 [OCTYMHOCTU.

KniouyeBble cnosa: 605e3Hb BunbcoHa-KoHoBanoBa, MOHOreHHoe 3abonesaHve, ATP7B, neperpy3ka Meapto, reHHas Tepanvst, KnetovHas Tepanms
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Wilson’s disease (WD) is a rare autosomal recessive disorder
caused by the ATP7B gene mutations that leads to copper
metabolism disturbances and toxic copper accumulation in the
liver, brain, and other organs. Clinical manifestations include
primarily liver damage (hepatitis, cirrhosis, acute liver failure),
neurological symptoms (tremor, dystonia, parkinsonism), and
mental disorders (depression, mood swings). The diagnosis
is based on the combination of clinical data, laboratory tests
(ceruloplasmin levels, copper in blood and urine), and molecular
genetic testing. The use of advanced treatment methods
significantly improves the patients’ outcomes, but it is still
limited by side effects, complexity of adherence to treatment
regimen, and insufficient symptom control efficacy. The paper
considers evolution of therapeutic approaches to treatment of
WD: from conventional pharmacological methods to promising
genetic and cell technologies.

Advanced pharmacological approaches:
copper overload control

D-penicillamine (DPA) and trientine are the major chelating
agents that enhance urinary copper excretion and return blood
free copper levels back to normal after 1-2 years or 6-48
months of therapy, respectively [1]. However, DPA causes
severe side effects, such as immune-mediated nephritis
and neurological deterioration in 14-21% of patients having
neurological symptoms. Trientine is a safer alternative,
but it is also associated with the risk of neurological
complications [2].

Zinc salts inhibit copper absorption through induction of
metallothionein expression in enterocytes. Despite the fact that
the method is relatively safe, several months of zinc therapy are
needed to achieve the effect, and zinc therapy is not suited for
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acute conditions [3]. Furthermore, there are cohorts of patients
that do not respond to zinc salt therapy.

Tetrathiomolybdate (TTM) and methanobactins represent
innovative exprerimental agents that have shown promising
results in pre-clinical trials [4, 5]. However, the development
of TTM was terminated during the phase Il clinical trial due
to mixed efficacy and side effects (anemia, neutropenia) [6].
Pre-clinical and clinical trials of methanobactin have not yet
been completed.

Transplantation: radical but limited approach

Liver transplantation is a radical treatment method for patients
with WD suffering from acute liver failure or not responding to
drug therapy. However, the use of this method is limited by
the donor organ shortage, perioperative risk, and the need for
lifelong immunosuppression. Immunosuppression increases
susceptibility to infections and malignant tumors, which makes
transplantation an extreme measure.

Hepatocyte transplantation represents a minimally invasive
alternative, in which isolated donor cells are injected into the
hepatic portal vein. The animal model studies have shown the
decrease in copper levels and improved survival rate [7, 8].
However, such problems, as low cell engraftment effectiveness,
immune rejection, and disturbed liver repopulation, limit the
clinical use.

Gene therapy: addressing the root cause

Gene therapy is aimed at restoring the ATP7B function through
functional gene delivery in hepatocytes. The use of recombinant
adeno-associated viruses (rAAV) has shown promising results
in pre-clinical and early clinical trials: tATP7b (UX701) (truncated
ATP7B variant delivered via AAV8) has shown a persistent
therapeutic effect in mice; it is currently through phase I/1l/ll
clinical trials [9]. MIniIATP7B (VTX-801) represents one more
truncated variant that has shown dose-dependent efficacy in
mice and is tested in phase /Il clinical trials [10].

The CRISPR/Cas9 method provides an opportunity to
ensure the directed correction of mutations. However, the use
of the method faces such problems, as low editing effectiveness
in non-dividing hepatocytes and potential off-target effects
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[11]. Base editors and prime editors expand the possibilities of
adjustment without creating double-strand breaks, but require
further optimization for clinical use.

mMRNA technologies represent a promising approach of
Wilson’s disease treatment. In contrast to viral vectors (such
as AAV), mRNA does not integrate into the genome, which
minimizes the risk of insertion mutagenesis. Lipid nanoparticles
(LNPs) used to deliver mRNA show tropism for the liver. Despite
the fact that direct trials of mRNA therapy for WD are yet to
be launched, advances in treatment of other liver diseases
using mRNA platforms (for example, transthyretin amyloidosis)
confirm their performance [12]. In particular, the NTLA-2001
therapy based on CRISPR has already shown promising results [13].

Stem cell-based therapy: liver function restoration

Induced pluripotent stem cells (iPSCs) can be differentiated into
hepatocytes for autologous stem cell transplantation, which
potentially eliminates the risk of immune rejection. However,
the current protocols allow to create immature hepatocyte-like
cells with reduced functionality compared to mature cells of the
mature organism [14]. 3D cell culture is the main area which,
in the long term, will improve cell maturation and engraftment
effectiveness [15].

Combining gene therapy with the stem cell-based
technologies can ensure a renewable source of the genetically
adjusted hepatocytes for transplantation, thereby solving the
problem of genetic defects, and the need for liver regeneration.

CONCLUSION

Therapeutic approaches of Wilson’s disease treatment evolve
rapidly from symptomatic management to potentially radical
methods aimed to eliminate the genetic cause of the disease.
Despite the fact that conventional methods remain important
for ongoing treatment, innovations in gene therapy, genome
editing, and stem cell-based technologies have serious
potential for long-term management of the disease and its
complete cure.

Further research is needed to optimize these methods in
order to ensure clinical use, safety, efficacy, and accessibility for
all patients suffering from this severe disorder.
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