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ABSTRACT

BACKGROUND: Wilson's disease (WD) (synonyms: Wilson—Konovalov disease, hepatolenticular degeneration, hepatocerebral
dystrophy)is arare, severe, hereditary multisystem disorder that manifests itself primarily in liver, neurological, and psychiatric
disorders due to excessive copper deposition in organs and tissues. The long latent course and polymorphism of clinical
symptoms make diagnostics difficult. WD manifests itself in childhood, adolescence, and later in life. WD diagnostics is based
on a combination of clinical symptoms, laboratory test data (determination of ceruloplasmin levels in the blood, copper
excretion in the urine), and molecular genetic testing.

Complex treatment of WD primarily involves adherence to a copper-eliminating diet. A mandatory condition for the effectiveness
of treatment of patients with WD is lifelong chelation therapy. The drug of choice in all age groups is penicillamine (a penicillin
derivative), which has a significant number of side effects. Adverse reactions against the background of penicillamine therapy
develop in about 30% of cases. These include changes in the nervous system (loss of taste, pyridoxine-deficiency polyneuritis),
respiratory system (interstitial pneumonitis, diffuse fibrosing alveolitis, Goodpasture's syndrome), digestive system (decreased
appetite, nausea, vomiting, diarrhea, aphthous stomatitis, glossitis, intrahepatic cholestasis, pancreatitis), kidneys (nephritis,
nephrotic syndrome, hematuria).

CLINICAL CASE DESCRIPTION: The case history of a 6-year-old girl with WD is analyzed. The peculiarity of the clinical case
presented by us is the latent course of the disease, which was suspected when cytolysis syndrome was detected in connection
with an examination for episodic abdominal pain. Further examination showed a decrease in the concentration of ceruloplasmin,
initially borderline values of copper excretion in urine, and questionable values in the penicillamine test. Molecular genetic testing
was important for establishing the diagnosis, and confirming the diagnosis. Prescribed chelation therapy with penicillamine led
to the normalization of cytolysis syndrome parameters, but caused serious adverse events in the form of nephrotic syndrome,
which required replacing penicillamine with trientine and prescribing glucocorticoids. Against the background of treatment
correction, stable clinical and laboratory remission of nephrotic syndrome was achieved with satisfactory renal and liver
function parameters and no manifestations of cytolysis.

CONCLUSION: A moderate increase in biochemical markers of cytolysis, cholestasis, and bilirubin concentration, refractory
to standard treatment, requires in-depth examination, including molecular genetics, to exclude WD. If side effects of penicillamine
derivatives are detected, immediate correction of pathogenetic therapy with replacement of the chelating drug is necessary.

Keywords: Wilson's disease; clinical case; children; chelation therapy; penicillamine; adverse drug reaction; nephrotic
syndrome.
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AHHOTALINA

06ocHoBaHue. bonesHb BunbcoHa (BB) (cMHoHUMBI: 6onesHb BunbcoHa—KoHoBanoBa, renatoneHTUKynspHas AereHepaums,
renatouepebpanbHan aucTpodus) — peaKoe TAKENOe HacneACTBEHHOe MyNbTUCMCTEMHOE 3aboneBaHue, NPosBAsIOLLEecs
MPeUMyLLECTBEHHO NEYEHOUHBIMU, HEBPOTOTMYECKUMM W MCUXMATPUYECKUMM HApYLIEHNSMUW BCNEACTBME Ype3MepHOro OT/o-
JKEHUs Me[I1 B OpraHax 1 TKaHsix. [inutenbHoe naTteHTHoe TeYeHMe 1 NOIUMMOPGM3M KIIMHUYECKOW CMMNTOMATUKU BbI3bIBAKOT
TPYLHOCTU AnarHocTuku. BB MaHudecTMpyeT KaKk B J€TCKOM W NOAPOCTKOBOM, TaK U B bonee ctapluem Bo3pacte. [luarHoc-
TMKa 3aboneBaHus 6asupyeTcs Ha KOMOMHALMM KIIMHUYECKUX CUMNTOMOB, AaHHbIX NlabopaTopHoro obcnepoBaHus (onpe-
LeNeHUe KOHLEHTPaLUMW LepYNonaa3MuHa B CHIBOPOTKE KPOBM, IKCKPELMM Mey C MOYOM) U MOMNEKYNAPHO-TEHETUYECKOTO
TECTUPOBAHMA.

KomnnekcHoe neuyenve BB B nepBylo ouepeab nogpasymeBaeT cobniofeHne Meab-3nMMUHUPYLoLen aueTbl. 06a3aTenbHbIM
ycnosveM 3 dEKTUBHOCTM NIEYEHUS MALMEHTOB C AaHHBIM 3ab0NeBaHUEM ABNSAETCS MOXU3HEHHOE Ha3HAYeHWe XeNnaTopHoM
Tepanuu. [penapatoM Bbibopa BO BCEX BO3PACTHbIX rpynnax ABASETCA NeHUUMNaMUH (NMPOM3BOLHOE NEHULMIIIMHA), UMEtD-
LUMIA 3HAUMUTENTBHOE KONMYECTBO NOBOYHBIX 3ddeKToB. HexenatenbHble peakumm Ha GoHe Tepanuu NeHULMNAMUHOM pas-
BuBatoTcs npumepHo B 30% ciyyae. K HUM OTHOCATCS U3MEHEHMUS CO CTOPOHLI HEPBHOM cUCTeMbI (NoTeps BKYca, MMPULOK-
CUH-AeDUUMTHBIN NOSIMHEBPUT), PECMIMPATOPHON CUCTEMBI (MHTEPCTULMANBHBIA MHEBMOHUT, ANddY3HbIN GUBPO3MpYIoLLIMiA
anbBeonuT, cMHApoM lyanacyepa), NULLEBApUTENTBHON CUCTEMBI (CHUXEHWe anmneTuTa, TOLIHOTa, PBOTa, Avapes, adTo3HbIN
CTOMATWT, FJI0CCUT, BHYTPUMEYEHOYHBIN X0NecTas, NaHKpeaTuT), noYeK (HeppuT, HepOTMYECKUIA CUHLPOM, FreMaTypus).
OnucaHne KnnMHUYeckoro cnyyas. [poaHanusupoBaHa uctopum bonesnn aeBoykm 6 net ¢ bB. OcobeHHoCTb NpuBeAEHHOMO
HaMU KJIMHWYECKOrO Cyyasl 3aKJIK0YaeTCcs B NAaTEHTHOM TeYeHWUM 3abonieBaHus, KOTopoe Obio 3anofo3peHo NMpu BbisBNE-
HWW CMHAPOMa UMTONM3a B CBA3M € 06Cef0BaHMEM MO NOBOAY 3NM30auyeckux bonen B xusoTe. JanbHeniee obcnenosa-
HWe MOKa3ano CHUXeHMEe KOHLEHTPaLUMUW LepynonaasMmuHa, U3HayanbHo NorpaHuyHble 3HaUYeHUs 3KCKpeLMU Meay ¢ MOYOM
M COMHWUTENbHbIE 3HAYeHWUs! B Npobe C MeHMUMNNaMUHOM. BaxHbIM NS YCTaHOBNIEHUS! AMarHo3a SIBUOCb MOJIEKYNSPHO-
reHeTUYecKoe MccrefloBaHue, NoATBEpAMBLIEe AMarHo3. HasHaueHHas xenaTopHas Tepanus NpenapartoM MeHULMNNaMUHa
npuBena K HopManu3aLmm NoKasaresiel CMHAPOMa LIMTO/IM3a, HO Bbi3BaNna CepbE3HbIe HEXenaTenbHble ABNeHUs B BUae dop-
MWUPOBaHWA HePOTUYECKOTO CMHAPOMA, NOTPeBOBaBLUEr0 3aMeHbl NEHULMMNAMUHA HA TPUEHTHUH WU HA3HAYEHUSA IIOKOKOP-
TMKOMA0B. Ha doHe KoppeKLmMM NieveHns JOCTUrHyTa CTOWKan KIMHUKO-NabopaTopHas peMuccnsa HedpoTUYECKOr0 CUHAPOMA
Mpy yA0BNETBOPUTENbHBIX MOKa3aTensx QyHKLMIA NOYeK, MeYeH 1 OTCYTCTBUM MPOSBAEHMIA LMTONM3A.

3aksioyeHmne. YMepeHHoe NoBbILLEHUe BUOXMMUYECKUX MapKEPOB LMTONIN3a, X0NeCTasa U KOHLEHTpaLum bunupybuna, ped-
PaKTepHOe K CTaHAapTHOMY NieyeHuto, TpebyeT yrnybnéxHoro obcnefoBaHMs, B TOM YKCNE MONEKYNAPHO-TEHETUYECKOTO,
ANns uckntovenns BB. Mpy BbisBNEHUM NOBOYHOTO AECTBUA NPOM3BOAHBIX NEHWULMNAMUMHA HE0OX0AUMa HEMeIEHHas Kop-
PEKLMA NaTOreHeTUYeCcKOM Tepanuu C 3aMeHOM XeNaTopHOro npenapara.

KntoueBble cnoBa: 6one3Hb BUnbcoHa; KNMHUYECKWI Cyyalt; LeTW; XeNaTopHas Tepanus; NeHUUUNNAMUH; HEXeaTesbHas
peaKums; HepOTUHECKUIA CUHAPOM.
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CASE REPORTS

BACKGROUND

Wilson disease (WD) (also called Wilson-Konovalov
disease, hepatolenticular degeneration, and hepatocerebral
dystrophy) is a rare (orphan) severe hereditary multisystem
disorder characterized primarily by hepatic, neurological,
and psychiatric abnormalities due to excessive deposition
of copper in organs and tissues [1, 2].

According to the Federal Register of Orphan Diseases',
only 572 and 602 patients with a diagnosis of WD were
registered in Russia in 2014 and 2015, respectively,
corresponding to 0.39 and 0.41 per 100,000 population
(with children comprising 16.9%) [3]. The actual prevalence
of the disease is presumed to be higher.

The prolonged latent course and heterogeneic clinical
presentation pose diagnostic challenges. WD may manifest
in childhood, adolescence, or adulthood. In most patients,
clinical manifestations first occur between the age
of 10 and 20. However, cases of initial symptoms have been
reported as early as age 5 and as late as age 70 [2, 4, 5].

Comprehensive treatment of WD primarily involves a low-
copper diet (avoiding copper-containing foods and copper
cookware). Lifelong chelation therapy is also mandatory
to ensure the treatment is effective. The drug of choice across
all age groups is penicillamine (a penicillin derivative).

Adverse reactions with penicillamine occur
in approximately 30% of cases. These reactions may involve
the nervous (ageusia, pyridoxine-deficient polyneuritis),
respiratory (interstitial pneumonitis, diffuse fibrosing alveolitis,
Goodpasture syndrome), and gastrointestinal systems (loss
of appetite, nausea, vomiting, diarrhea, aphthous stomatitis,
glossitis, intrahepatic cholestasis, pancreatitis), and kidneys
(nephritis, nephrotic syndrome, hematuria) [6].

From 1964 to 2023, fewer than 30 publications have
addressed the impact of penicillamine on renal function
in children, with most of these publications being limited
to clinical case reports.

The aim of this publication is to describe a rare clinical
case of nephrotic syndrome in a 6-year-old girl with WD
that developed 6 months after the initiation of penicillamine
therapy.

CLINICAL CASE DESCRIPTION

A 6-year-old girl undergoing outpatient examination due
to periodic abdominal pain was found to have mildly elevated
transaminase levels (alanine aminotransferase, 104 U/L;
aspartate aminotransferase, 60 U/L) and ultrasonographic
signs of hepatomegaly. Viral hepatitis B and C were ruled
out. Hepatoprotective and choleretic agents administered for
2 months produced no significant effect: cytolytic syndrome
persisted, with alanine aminotransferase and aspartate
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aminotransferase levels 1.5-2.0 times above the upper limit
of normal (ULN) and unchanged ultrasound (US) findings
detected earlier. Serum ceruloplasmin was decreased (3 mg/dL;
normal range: 20-60 mg/dL), and baseline urinary copper
excretion was 50 pg/day.

The child was referred to the Department of Pediatric
Gastroenterology, Hepatology, and Diet Therapy at the Federal
Research Center for Nutrition, Biotechnology, and Food Safety
with complaints of occasional, moderate, poorly localized
abdominal pain unrelated to food intake, which resolved
spontaneously, and with changes in blood biochemistry,
including cytolytic syndrome and decreased ceruloplasmin
concentration.

Diagnostic assessment

Physical examination revealed average and proportional
physical development (body mass index Z-score of 0.74).
Skin was physiologically colored, clear, with pronounced
hypertrichosis on the extremities, mild palmar erythema,
and capillary telangiectasia on the cheeks and chest.
Cardiopulmonary function was satisfactory. The tongue had
a thin white coating at the root. The abdomen was soft and
mildly tender in the epigastrium; the sigmoid colon was
spastic. The liver was palpable on inspiration: 2 cm below
the right midclavicular line, 2 cm below the parasternal
line, and 3 cm below the midline, with a soft and elastic
consistency. The spleen was not palpable. Bowel movements
and urination were normal.

Blood biochemistry revealed persistent cytolytic
syndrome, a slight increase in total cholesterol concentration
(5.69 mmol/L), dyslipidemia (low-density lipoprotein
cholesterol, 4.07 mmol/L), and reduced serum copper
concentration (0.076 pug/mL; normal range: 0.85-1.80 pug/mL).
Serum ceruloplasmin concentration was almost 20-fold lower
than normal (1.683 mg/dL; normal range: 20-60 mg/dL),
whereas urinary copper excretion was threefold elevated
(139.3 pg/day; normal range: 3-45 pg/day). A penicillamine
challenge test (20 mg/kg/day in two doses) yielded an
equivocal result: urinary copper excretion reached 663.9 pg/day
(normal range: 600-800 pg/day). US revealed persistent
signs of hepatomegaly and diffuse parenchymal changes.
Liver elastography showed fibrosis stage F0 according
to the METAVIR scale and steatosis stage S0. No neurological
symptoms or ocular, dermatological, or other systemic
changes were identified. Urinalysis, blood biochemistry,
and US showed no signs of interstitial or glomerular kidney
involvement.

To verify the diagnosis, molecular genetic testing was
performed at the Research Center for Medical Genetics
using next-generation sequencing with a gene panel
associated with copper and iron metabolism (ATP7A, ATP7B,

! The Federal Register of patients with life-threatening and chronic progressive rare (orphan) diseases leading to a reduction in the life expectancy
of citizens or their disability, and its regional segment. Available from: https://docs.cntd.ru/document/902344557
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CP, TF, HEPC, PANK2, PLA2G6, ATP13A2, FTL, HFE, HJV,
TFR2, SLC40A1, WDR45, C20RF37) in a trio format (child
and both parents). The analysis identified a previously
well-described pathogenic variant in exon 8 of the ATP7B
gene (chr13:51958361T>TG) in the heterozygous state, causing
a frameshift: NM_000053.4:c.2304dup, p.(Met769HisfsTer26);
rs137853287 [7, 8]. The identified nucleotide sequence variant
has been registered in the Genome Aggregation Database
control sample with an allele frequency of 0.011171%.
Additionally, an unreported nucleotide sequence variant was
detected in exon 8 of the ATP7B gene (chr13:51958536A>C), also
in heterozygous state, resulting in a synonymous substitution
(NM_000053.4:¢.2130T>G, p.[Gly710=]). The identified
nucleotide sequence variant is not registered in the Genome
Aggregation Database control sample. Pathogenicity
prediction algorithms provided conflicting results: MMSplice,
Squirls, SPIP, and NetGene2 classified this variant as neutral,
whereas Alternative Splice Site Predictor, FruitFly, and FSplice
rated it as likely pathogenic. The identified ATP7B gene
variants were found in transposition: chr13:51958361T>TG
was detected in the heterozygous state in the mother, and
chr13:51958536A>C in the heterozygous state in the father.
Based on the cumulative data, and in accordance with
the guidelines for the interpretation of human DNA sequencing
findings obtained via parallel high-throughput sequencing [9],
as well as the guidelines of the American College of Medical
Genetics and Genomics [10], the NM_000053.4:c.2130T>G,
p.(Gly710=) variant was classified as likely pathogenic (PM2,
PP3, PM3, PP4).

The diagnosis of Wilson disease, hepatic form was
established. At the age of 6 years and 2 months, the child
was prescribed pathogenetic therapy: a low-copper diet and
chelation therapy with penicillamine at 250 mg/day (11 mg/kg
per day) divided into two doses administered 60 min before
meals. The treatment was well tolerated, and after 1 week,
the penicillamine dose was increased to the therapeutic
level of 20 mg/kg per day. The child also received pyridoxine
(10 mg/day) along with hepatoprotective and choleretic
agents.

Follow-up blood biochemistry during the first 2 months
of therapy showed an increase in serum transaminase levels
to 3.5-4.0 times ULN, followed by a decrease at 3 months
and complete normalization 6 months after the initiation
of pathogenetic therapy. Urinary copper excretion was
195 pg/day when measured 6 months after the initiation
of penicillamine therapy. Six months after the initiation
of chelation therapy, the parents noticed abdominal
distension and facial edema in their daughter. The child had
gained significant weight, and outpatient ultrasonography
revealed a large amount of free fluid in the abdominal cavity.
The patient was admitted to the Nephrology Department
of the Morozov Children’s City Clinical Hospital in Moscow
with pronounced peripheral edema and US-confirmed ascites.

Blood biochemistry revealed reduced total protein and
serum albumin concentrations (41 g/L and 16 g/L, respectively)
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and elevated serum cholesterol levels (12.1 mmol/L).
Kidney function parameters remained within normal limits.
Proteinuria in spot urine samples was 9.3 g/L, with a 24-hour
urinary protein excretion of approximately 18 g.

Interventions

Based on the medical history, clinical, laboratory,
and ultrasonographic findings, the diagnosis of N04.8
(the onset of secondary drug-induced nephrotic syndrome)
was established, and pathogenetic therapy with prednisolone
was initiated at a dose of 60 mg/m? per day. Reducing
the penicillamine dose did not mitigate renal changes.
Considering the progressive course of the disease
without treatment and the pronounced adverse reaction
to penicillamine, a multidisciplinary council of nephrologists,
gastroenterologists, and clinical pharmacologists
recommended trientine, unapproved in Russia. Oral trientine
was administered orally at a dose of 250 mg twice daily by
life-saving indications in with Articles 47 and 48 of Federal
Law No. 61 “On Circulation of Medicines”, dated April 12, 2010.
With glucocorticoids and adjustments to the pathogenetic
therapy of the underlying disease, clinical and laboratory
remission of nephrotic syndrome was achieved, including
normalization of the proteinogram and urinary syndrome

(Fig. 1).
- /&:)//@3

32
ok
0.168

‘Is( 7th 15th
Day of hospitalization

—e— serum albumin (g/L)
—e— total serum protein (g/L)
daily proteinuria (g/day)

Fig. 1. Dynamics of laboratory parameters of a child with Wilson's
disease and nephrotic syndrome during prednisolone therapy
(by days of hospital stay). © Eco-Vector, 2025.

Follow-up and outcomes

The child was discharged in satisfactory condition with
the diagnosis of N04.8, secondary (drug-induced) nephrotic
syndrome, debut, steroid-sensitive variant; preserved renal
function; and E83.0, Wilson disease, hepatic form, chronic
hepatitis stage.

After completing the standard course of glucocorticoids
for nephrotic syndrome, prednisolone was discontinued.
Follow-up urine and blood tests showed no abnormalities.
The patient continues trientine therapy at a dose of 500 mg/day,
with good treatment tolerability. Blood biochemistry showed
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Fig. 2. Dynamics of transaminase activity during therapy with
copper chelators and prednisolone. © Eco-Vector, 2025.

elevated transaminase levels, reaching twice the upper limit
of normal, which approached the upper limit of the reference
range with hepatoprotective therapy (Fig. 2). US revealed no
signs of WD progression. Urinary copper excretion at 12
and 15 months of total chelation therapy was 230.9 and
233.6 pg/day, respectively.

DISCUSSION

The first case of nephrotic syndrome in a 10-year-old boy
with WD receiving penicillamine was described in 1959 [11].

In 1998, a 12-year-old adolescent with WD developed
significant proteinuria and edema after 2 weeks
of penicillamine therapy, which was regarded as the onset
of nephrotic syndrome. Kidney biopsy revealed minimal
change disease. The patient was prescribed prednisolone
at 40 mg/kg per day, while penicillamine was replaced
with trientine. As a result, clinical and laboratory remission
of nephrotic syndrome was achieved [12].
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Of particular interest is a case of antineutrophil
cytoplasmic antibody-associated vasculitis in a 13-year-old
girl with WD [13]. The patient had been taking penicillamine
for 5 years and presented to the emergency department
with hemoptysis and dyspnea. Chest computed tomography
revealed diffuse pulmonary hemorrhage (Fig. 3). Blood
tests showed high titers of myeloperoxidase antibodies,
and urinalysis revealed microscopic hematuria and
proteinuria. Kidney biopsy demonstrated pauci-immune
glomerulonephritis with cellular-fibrous crescents in 39%
of glomeruli (Fig. 4). The patient’s condition was complicated
by progressive respiratory failure, requiring respiratory
support. Penicillamine was replaced with trientine. After three
plasmapheresis sessions and three intravenous infusions
of high-dose methylprednisolone (1 g/day), followed by
cyclophosphamide (750 mg/m?), prednisolone (60 mg/day),
and mycophenolate mofetil (1500 mg/day), the patient’s
condition improved significantly. Respiratory failure was
relieved within several days, and hematuria and proteinuria
resolved 5 months after treatment initiation. Myeloperoxidase
antibody titers decreased significantly within 17 months after
the discontinuation of penicillamine [13].

The analysis of clinical observations resulted
in the development of several hypotheses explaining
the pathogenesis of penicillamine-induced kidney
involvement. One hypothesis suggests that penicillamine may
act as a hapten, forming immune complexes that damage
glomerular capillary structures. Another hypothesis suggests
that penicillamine may cleave rheumatoid factor into smaller
subunits, which, as part of immune complexes, deposit
in the glomerular membrane as small deposits detectable
by electron microscopy.

The morphological manifestations of kidney tissue
damage are highly variable, ranging from minimal change
disease, IgA nephropathy, and membranous nephropathy
to severe glomerular changes associated with rapidly
progressive glomerulonephritis [14-16].

A notable aspect of the present case is the latent disease
in a 6-year-old girl, initially suspected due to the presence

Fig. 3. Radiography (a) and computed tomography (b) of the lungs of a 13-year-old female patient with Wilson's disease and
anti-neutrophil cytoplasmic antibody-associated vasculitis: @ — radiographic bilateral extensive focal consolidation; b — multifocal
patchy ground-glass opacity corresponding to diffuse pulmonary hemorrhage [13]. © The Korean Academy of Medical Sciences, 2019.
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a 13-year-old female patient with Wilson's disease and
antineutrophil cytoplasmic antibody-associated vasculitis.

The arrow shows fibrocellular crescents in 39% of glomeruli

in the biopsy specimen (PAS — periodic acid, Schiff): @ — x40;
b — =400, representative crescent (arrow) [13]. © The Korean
Academy of Medical Sciences, 2019.

of cytolytic syndrome detected during the investigation
of episodic abdominal pain. Further examination revealed
reduced serum ceruloplasmin concentration, initially
borderline urinary copper excretion, and inconclusive
penicillamine challenge test results. Molecular genetic testing
was crucial in establishing the diagnosis. Chelation therapy
with penicillamine normalized cytolytic syndrome markers
but triggered severe adverse effects, namely nephrotic
syndrome, necessitating the discontinuation of penicillamine,
initiation of trientine, and administration of glucocorticoids.

According to the literature, penicillamine-associated
adverse reactions may occur after varying durations
of therapy [13]. This underscores the need for continuous
monitoring and prompt correction of pathogenetic therapy,
involving drug replacement rather than discontinuation.

Trientine has fewer adverse effects than penicillamine
and zinc-containing medications [17]. As of late 2023,
trientine has been registered for use in Russia, enabling
more personalized chelation therapy for patients with various
metabolic disorders.

Currently, no consensus exists regarding the treatment
strategy or the necessity of immunosuppressive therapy with
prednisolone in patients with nephropathy, given the diverse
clinical and morphological spectrum of penicillamine-
induced kidney damage. Glucocorticoid therapy is generally
recommended in cases of massive proteinuria or extrarenal
manifestations of nephrotic syndrome. In certain cases,
kidney biopsy is advisable.
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