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‘ytochrome-c oxidase Electron transport, terminal oxidase}
|| Superoxide dismutase Superoxide dismutation
atechol oxidase Synthesis of melanin
Protein-lysine 6-oxidase Collagen and elastin cross-linking
eruloplasmin Ferroxidase
Amine oxidases Deamination of primary amines
Dopamine-3-monooxygenase Dopamine—norepinephrine
eptidylglycine monooxygenase a-Amidation of neuropeptides
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* Liver is the main storage site iorcopp : 2
* Non protein bound copper isoxic =4 ,’; e e ;@ '

Both high and lower hepatic copper content have a
pathophysiologic relevance



. Too much Copper
- M.Wilson
- Cholestasis

- Indian childhood cirrhosis

* Copper deficiency
- NASH/NAFLD
- Malabsorption syndromes




M.Wilson

* misconceptions in textbooks

- Wilson disease is a very rare disease (recent
data suggest a heterozygotes frequency of
1:211)

— Wilson disease occurs only in children and
young adults

- Wilson disease is just a neurologic disease

- Wilson disease can be excluded If
ceruloplasmin is normal



Wilson Disease H1069Q allele
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Copper transport in
hepatocytes

Aw Cu content
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Copper transport in
hepatocytes — Wilson disease

Ferenci



Asymptomatic
detected
any time by chance any time*

Neuropsychiatric
Disease

Liver disease

may be present

Never symptomatic?
any time Symptomatic [[:ulminar'!t liver failure
. » emolysis
liver disease | cjnosis
Neuropsychiatric
symptoms may be present
asymptomatic or In this study:

absent liver disease g symptomatic ] neurologic | .~ 55 & (3-74)
: _ .6 (3-74) years of age
ALT normal liver disease symptoms | .., 17.6 (2-63) years of age

or increased :
Ferenci et al, Hepatology 2019

. o L BT '. ”f"l ; i
it Simple steatosis NASHike  AlHikepicure  Cirrhosis
arrow), (HE stain) picture (HE stain) (HE stain)
glycogenated (HE stain

nuclei (red arrow)

Ferenci P. Ott P J. Hepatology 201!



Age at symptomatic onset

250

1 neurologic presentation
I hepatic presentation

200 H
150

100 —

Im 1 |1 | I IH 1 L

-6 7-12 13-18 19-24 25-30 31-36 3742 >4

age at syptomatlc onset
may become symptomatic at any age
Ferenci et al,Hepatology 2019 (doi: 10.1002/hep.30280 )
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100

80

60

40 -

20 —

N with biopsy/N total

% with cirrhosis:

LIVEl DIOPSY dirngs at

diagnosis

I Cirrhosis
[ no cirrhosis

\H”hll.uu

13-18 18-24 25-30 31-36  37-42 >42

age at biopsy
146/269 180/356 159/296  79/167 50/87 30/59 27141

349% 533% 57.1% 52.4% 64.0% 55.1%  47.6%

only 50% develop cirrhosis

Ferenci et al,Hepatology 2019 (doi: 10.1002/hep.30280 )



Diagnostic tests for Wilson




Ceruloplasmin for diagnosis of Wilson disease

* Low ceruloplasmin — low sensitivity and specificity
(useless for screening!!)

* ceruloplasmin level increased by:
- Inflammation (e.g.. hepatitis)

- female sex hormones (pregnancy, oral
contraceptives)

* ceruloplasmin level decreased by:
- low copper supply (celiac disease, malnutrition)
- decoppering therapy
- decreased hepatic production (liver failure!)
- aceruloplasminemia



Urinary copper excretion for
diagnosis of Wilson disease

* reflects ,free” copper in blood

- only increased when hepatic (and
extrahepatic?) copper storage capacity is
exhausted or

— when copper Is released from necrotic
hepatocytes

* cannot be measured in anuric pts.



WD-diagnostic score (Lelpzig

KFR (2/0)
CPL <10 (2), 10-20 (1), > 20 (0) mg/dl
Neuro (2/0)
hepatic copper > 250 (2), 50-250 (1), < 50 (-1)

Hg/g

2001)

_ urmary copper (2/0)

'SCORE>4

SCORE 3
SCORE =2

EASL Guidelines 2012



1

Typical clinical
symptoms

(tremor, KFR, CPL)

.

Score 0-1

Score 2-3

\

/

Urinary copper

!

\
W»

Hepatic copper

< 20

Score diagnosis
[ established
2 mutations
1 mutation

Mutation analysis

no mutation

Other
diagnosis

EASL Guidelines 2012



M.Wilson- treatment

“*copper chelators A
* D-Penicillamine 3
* Trientine g_:
. (BAL) Q
* (tetrathiomolybdate) o
< Inhibition of intestinal copper uptake :EE
* Zinc-acetate vV 2

“LTX



Longterm outcome of patients with Wilson
disease

229 Austrian patients
mean observation period was 14.8 — 11.4
years (range, 0.5-52.0 years)

1

died; 10%
deteriorated/oLTX; 12%

 deterioratedino LTX; 4%

Morbus Wilson
=== Normalbevélkerung

Number at risk
183 172 163 155 146 139 136 133 126 120 114 109 104 100 94 89 76
71 67 65

Beinhardt et al, CGH 2014 Ferenci



Take home message Wilson disease

< Highly variable clinical presentation

“*No clear cut evidence for a correlation
genotype-phenotype

“* Cofactors:
 Genetic factors?
 Environmental factors?

“*Message for hepatologists: consider Wilson
disease in any patient with unclear liver
disease! IT IS TREATABLE!






NAFLD and hepatic copper
content

* 174 Caucasian patients with biopsy
proven NAFLD/NASH (69% male,
mean age 49a,mean BMI 30.2)

* Measurement of hepatic copper content
(flame photometry)

* Semiquantitative assessment of hepatic
steatosis

* Determination of PNPLA3 and TM6SF2

Stattermayer et al, J of Trace Elements in Medicine and Biology 2017



Hepatic copper content in NAFLD

PNPLA3
0 G/G
O0C/C
without metabolic syndrome with metabolic syndrome

Stattermayer et al, J of Trace Elements in Medicine and Biology 2017



Effect of dietary copper on hepatic
steatosis In rats

Copper in diet

Aigner et al, Am J Gastro 2010



Effect of a high fat diet on in vivo hepatic
copper content

% D-Luciferin Contral

144
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Heffern et al, PNAS 2016




Effect of high fructose feeding In rats
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Hepatic lipid stain
*%

« T
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2 s
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L=
1

n
1

Average % Area

CuA CuD CuA CuD
10% 10% 30% 30%

CuA CuD CuA CuD
10% sucrose 10% sucrose 30% sucrose 30% sucrose

*Low dietary Cu and sucrose consumption promote inflammation and fibrosis gene

expression changes consistent with NAFLD
*Low dietary Cu promotes steatosis as well as gene expression changes in lipid synthe

*Cu deficiency and sucrose consumption promote NAFLD-like pathology

Tollino et al, J Nutr. Biochem 2015



NAFLD — copper connection

* Experimental:
- Low copper diet leads to NAFLD

- Low copper diet + high sucrose — highest
degree of steatosis

- High fat diet decreases hepatic copper
content
 Patients:
- Low hepatic copper content in (lean) NAFLD
- Interaction with hepatic iron







Liver biopsy for diagnosis of Wilson
disease

* light microscopy: steatosis and
megamitochondria (DD: NASH!) should
raise suspicion of pathologist

* Histochemical staining for copper of
limited value (pos. only In ¥4 patients)

* guantification of copper by atom
absorption spectroscopy



Frequency of Wilson disease

* pre molecular genetic* studies

- Symptomatic 1:30,000, heterozygote frequency 1/90
H1069Q mutation in young males at draft in Austria
- 1/125 (accounting for 44% alleles in WD pats.) ~ 1/55
PCR for the 6 most common mutations

- Yang et al (S-Korea, 2017) heterozygote frequency 1/53
* Whole exon sequencing of healthy subjects

- Coffey et al (UK,2013) heterozygote frequency 1/25
Next generation sequencing of healthy subjects

- Collet et al (France,2018) heterozygote frequency 1/31
Based on these numbers symptomatic Wilson disease

should be 4x as common



In vivo measurement of hepatic copper
content
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