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WD Diagnosis

A combination of majors

*Clinical symptoms
*|maging

*Biological determinations
*Genetic tests



Serum ceruloplasmin

(CP)

Serum Total Copper

(CuT)

24 h urinary copper (umol/24h) 0,3-0,6

Hepatic copper

WD Biology

A classical triad

Reference Wilson
values Disease
(g/L) 0,2-0,5 Low
(umol/L) 12,7 - 22,2 Low
Increased
>1,6
Increased
(umol/g) <04 >4

Often insufficient to
diagnose or exclude WD

- Normal in some WD subjects

- Low: 20% heterozygous subjects

- Increased: inflammation
- Low: Menkes, Aceruloplasminemia,
ACD

Collection errors
Renal impairment
Other Liver diseases

Invasive sampling
Inhomogeneous liver Cu = False Neg

— Need of another biomarker



WD Physio-Pathology

«Unbound, Free, Toxic” Copper

Hepatic disease mmmm—) |Vulti systemic disease

CP Incorporation

ATP7B 4

' S

Apo-CP

ATP7B 4

Biliary Elimination




Estimating

«Unbound, Free, Toxic” Copper

2 distinct ways

< Calculated =» Non-CP-bound Copper (NCC)

Direct medN@emdmatal Cu - 0,049 X CP
Different dk el arcy  of ' TFotaf CaiandtCP-

measurements

U Routine: Immunological detection

v'Apo + Holo

Apo-CP 7~ G T\, Holo-CP
=» Overestimation of Cp-Copper s . >
= NCC negative values

v'Low CP levels < LoD

U Enzymatic activity determination 10% of WD patients have

(Not in all labs)

Negative values of NCC at diagnosis

Poujois A, Trocello JM, Djebrani-Oussedik N, et al.
Exchangeable copper: a reflection of the neurological severity in
Wilson's disease. Eur J Neurol 2017;24,154-60.



Direct determination of Unbound Copper

Narrow collaboration in Paris Lariboisiere Hospital

| CCRMR
Maladie de

et autres maladies rares
liees au cuivre

Clinical Biological Toxicology Laboratory
departments Inorganic section

Exchangeable Copper (CuEx)

Relative Echangeable Copper (REC)
REC = Exchangeable Copper / Total Copper (%)

v’ Method
v’ Contribution in current practice




Exchangeable Copper (CuEx)

Anal Bipanal Chem H
MethOd DO B0, D00 T 20021 G-009-2 EBN-6 Anal Bloanal Chem
FaYaYal

ORIGINAL PAPER &UYUYI, . -

Determination of ultrafiltrable and exchangeable copper
in plasma: stability and reference values in healthy subjects

Souleiman El Balkhi - Jo€l Poupon - Jean-Mare Trocello - Angélique Levendecker -
France Massicot - Martine (zalliot-Guilley - France Woimant

* 44 healthy adult volunteers
* 3 WD patients

3 steps
1. Incubation of serum with a chelator
2. Ultra filtration of serum dilution
3. Direct measurement of Cu in ultra filtrate



Exchangeable Copper (CuEx)

Anal Bioanal Chem
2009;394:1477-84

1. Incubation of serum with a chelator
Copper mobilization
e Cu O Alb

- Serum + EDTA 3 g/L (v/v) ° EDTA a:t' Holo Cp

- 60 min
- Room temperature (20-25 °C) ::5
Q@ 8eg
‘ il
Holo-CP oy
£
e0e a:}

Albumin

a2-macroglobulin
Amino-acids(Histidin)




Exchangeable Copper (CuEx)

Method Anal Bioanal Chem
2. Ultra filtration 2009;394:1477-84 1 11
- Membrane filtration / Centrifugation e EDTA &$ Holo Cp
- Cut-off =30 000 Da o
- Retained = Proteins of higher molecular weight Q "..Q"
[ Ceruloplasmin : 132 000 Da o‘.-g Q.?‘

J Albumin : 67 000 Da ‘%, %
O
| Amicon® Ultracel® 30K o

48 8 §»




Exchangeable Copper (CuEx)

3. Direct measurement of Copper in ultra filtrate

Total Copper Exchangeable Copper
(T Cu) (CuEx)
Analytical techniques Healthy WD Healthy and WD
Inductively Coupled Plasma Optical Emission Spectrometry +
(1CP-OES) - -
Flame Atomic Absorption spectroscopy +
(AAS) - -
Electro Thermal Atomic Absorption 4 4 4
spectroscopy (ET- AAS) (graphite tube)
Induced Plasma Mass Spectrometry (ICP-MS) + + +




Relative Exchangeable Copper

REC = Exchangeable Copper / Total Copper (%)
The part of toxic copper

| REC(%) |

Healthy

—1—[ Cu Ex ]

<:

3 -8%

WD

3

i

> 18.5%

Slightly Lower Reference values and Cut off in children
(Lyon: unpublished Data)



CuEx and REC

Sampling, Stability, Transport

L
Samples ! " Q
Collection | =

EDTA Tubes = Prohibited

Room T° 24 - 48 Hours

Stability
Cu EX —20°C Stable to 90 days

Specimen °* One day shipping =>» Possible transport at room T° or refrigerated

Handling . |onger shipping 2 Specific cautions

and v Tube centrifugation
Transport v’ Serum / Plasma Transfert
v Frozen

v' Transport frozen

13



CuEx and Relative Exchangeable Copper

Contribution in current practice

REC

WD Diagnosis



REC wp Diagnosis

Clinica Chimica Acta.

Clinica Chimica Acta 412 (2011) 2254-2260

Contents lists available at SciVerse ScienceDirect

Clinica Chimica Acta

Fl1 SEVIER journal homepage: www.elsevier.com/locate/clinchim

2011;412(23-24):2254-60

*  Controls: 62 healthy adult volunteers
* 25 wild type homozygous

Relative exchangeable copper: A new highly sensitive and highly specific biomarker

for Wilson's disease diagnosis

Souleiman El Balkhi *¢, Jean-Marc Trocello ®¢, Joél Poupon **, Philippe Chappuis ¢, France Massicot €,

Nadége Girardot-Tinant ¢, France Woimant ¢

* 45 heterozygous
* 16 newly diagnosed WD before treatment

REC (cut off = 18.5%)
= 100 % Sensitivity
= 100 % Specificity

**False +/- with all other tested parameters

“*NC

N7

- 2 Nefgatiyeyalicds results

> 2 fatse negative
» 27% false positive

Non Ceruloplasmin copper
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CuEx and Relative Exchangeable Copper

Contribution in current practice

REC

WD Diagnosis

WD Family screening



REC wp Family screening

Relative Exchangeable Copper: A

Promising Tool for Family
Screening in Wilson Disease

Total Serum Copper

Jean-Marc Trocello, MD, PhD,'"

Souleiman E| Balkhi, PhD,"~ France Woimant, MD,’
Madége Girardot-Tinant, PhD,! Philippe Chappuis, PhD,?
Carla Lloyd, MD,® and Jo€l Poupon, PhD?

Total copper pmol.L !
ce333B8ES

Mov. Disord., 2014, 29(4) : 558-
562 _ cp

126 clinically asymptomatic subjects B
in context of family screening for WD (3 groups): 206 -
* WD (n=5)
* Htz (n=87)
*  NoM (n=34)

Urinary Copper Cu pmol.L"

Urinary Copper
B
7_
B 4
5 A
44 a
3-
2-
SR
0 T
&£ & ¢
REC
60 a,
50+
404
a0+
A
204 A
1u_'"""'""i"n'i'ﬂ'“"""""
0 : -+ ~
& & ¢

REC (Cut off = 15%)
=>» The only parameter tested able to discriminate Htz and WD
(No Overlapping results between Htz / WD)
=>» Practical and fast answer for parents or siblings
=>» Avoid more invasive investigations

17




CuEx and Relative Exchangeable Copper

Contribution in current practice

REC

WD Diagnosis
WD Family screening

WD Differential Diagnosis



REC wob Differential Diagnosis

30 patients: Non-Wilsonian cirrhotic hepatopathies

=»REC : Normal for all patients
=>»No false positives
=>» 13%: copper tests abnormalities

REC: Quickly eliminates or confirms a WD

El balkhi S., Poupon J., Marc Trocello J.-M. Woimant F., Tinant N.,
Ozenne V. Relative exchangeable copper in non Wilson cirrhotic

patients.
63rd Annual meeting of the AASLD, Boston, November 9-13, 2012.



REC wob Differential Diagnosis

Recaived: 28 October 2014 Accepted: 13 July 2017 L I ve r I nt
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ORIGINAL ARTICLE WILEY leer

Relative exchangeable copper: A valuable tool for the diagnosis
of Wilson disease

Olivier Guillaud? | Anne-Sophie Brunet’® | Isabelle Mallet'* |
1,25

201 patients

Jéréme Dumortier | Martine Pelosse'” | Sophie Heissat'” | « Group 1: 9 WD at diagnosis or non-compliant

Christine Rivet'® | Alain Lachaux’®® | Muriel Bost"*¢

*Group 2: 40 WD treated
*Group 3: 103 adults non-WD hepatic diseases

':D]:m_ . * Group 4: 49 children non-WD hepatic diseases
< .;,:g
— =2 Normal REC (<18.5%)
_ e . .;l:l:| o
ol —— o in all “Non-WD
¥ ' — g5 ic di
ol 3 hepatic diseases”
+ %
2 - o® "’-'I_ . : 185%
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e " i.__
a
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REC wob Differential Diagnosis

Received; 28 October 2014 | Accepted: 13 July 2017 leer Int
00 10,1111/ 1w 13520 -
2018;38
WILEY Liver

ORIGINAL ARTICLE

INTEEHATIONAL

Relative exchangeable copper: A valuable tool for the diagnosis
of Wilson disease

Olivier Guillaud? | Anne-Sophie Brunet’® | Isabelle Mallet'* |

Jéréme Dumortier’*® @ | Martine Pelosse'® | Sophie Heissat'® |

Christine Rivet'® | Alain Lachaux'®® | Muriel Bost!**

High Specificity
=» REC is normal in a variety of other chronic liver diseases of adults and children
Adults Children
[8) 30 1 i 2
£. " ' o
i #plﬁ: "

L teids
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16.5%



CuEx and Relative Exchangeable Copper

Contribution in current practice

REC CuEx

WD Diagnosis WD Extra hepatic severity

WD Family screening

WD Differential Diagnosis



CUEX WD Extra hepatic severity

european journal of neurology

the official journal of the european academy of neurology

@ean

Original Article

Exchangeable copper: a reflection of the neurological severity in

Wilson's disease

A. Poujoisi, J.-M. Trocello, N. Djebrani-Oussedik, J. Poupon, C. Collet, N. Girardot-Tinant, R. Sobesky,
D. Habes, D. Debray, C.Vanlemmens, F. Fluchére, F. Ory-Magne, |. Labreuche, C. Preda, F. Woimant

First published: 14 October 2016 | https://doi.org/10.1111/ene.13171 | Cited by: 10

48 new WD patients

* 17 Hepatic

» 28 Extra Hepatic

Exchangeable copper, pmol/l

P=0.0001
n
I..
[ ]
{1 ™
. L
" Ll
LY EmmE
Py L
Soe 000 n"
L L
H group EH group

CuEx

=>» Higher in patients with extra-hepatic involvement
=>If > 2.08 umol/L : look after neurological signs
=» Correlated with:
v’ Severity of neurological impairment (UWDRS)
v'Copper diffusion in the eyes and brain
(Corneal deposits/MRI cerebral lesions)
=» Not correlated with hepatic severity

23




CuEx and Relative Exchangeable Copper

Contribution in current practice

REC CuEx
WD Diagnosis WD Extra hepatic severity
WD Family screening Follow Up of treated patients

WD Differential Diagnosis




Cu E)( Follow Up of treated patients

Recalved: 28 October 2014 | Accepted: 13 July 2017 L I Ve r I n t
D00 10111171, 13520 -
2018;3¢

ORIGINAL ARTICLE WILEY Liver .

201 patients

* 9 WD atdiagnosis or non-compliant
* 40 WD treated

* 103 adults non-WD hepatic diseases

* 49 children non-WD hepatic diseases

Relative exchangeable copper: A valuable tool for the diagnosis
of Wilson disease

Olivier Guillaud'? | Anne-Sophie Brunet'® | Isabelle Mallet* |
Jérdme Dumortier’®> @ | Martine Pelosse® | Sophie Heissat'® |
Christine Rivet'® | Alain Lachaux**® | Muriel Bost™*®

(©

'l

1 T o ' , => Increased CuEX In non-compliant patients
3 [ =>»Normal or low CuEX in compliant patients
e | T b
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Follow Up of treated patients

CuEx CuEx
(umol/L) (umol/L)




CuEx and Relative Exchangeable Copper

REC CuEx

WD Diagnosis WD Extra hepatic severity

WD Family screening Follow Up of treated patients

WD Differential Diagnosis

CuEx and REC in animal models



CuEx and Relative Exchangeable Copper

CuEx and REC = Validated in animal models

Schmitt F, Podevin G, Poupon J, et al. Evolution of exchangeable copper and relative exchangeable copper
through the course of Wilson's disease in the Long Evans Cinnamon rat.
PLoS One 2013;8:€82323.

REC:
» Control : LE rats = Non-invasive and reliable tool for WD diagnostic in LEC rats
» WD model : LECrats 3 Not influenced by liver damage or by the copper intake regimen

Heissat S, Harel A, Um K, Brunet AS, et al. Evaluation of the accuracy of exchangeable copper and relative
exchangeable copper (REC) in a mouse model of Wilson's
disease. J Trace Elem Med Biol 2018;50:652-7.

» Control : Atp7b-/- =» REC Significantly higher in Atp7b -/- mice
» WD model : WT (C57BL/6) =» CuEx Lower in treated mice

28




Conclusion
10 years of CuEx and REC

file Other countries

Association Bernard Pépin |
pour la Maladie de Wilson -y 4

Y 1;”591 G 1 u®
Paris b
Lariboisiére ~— . L ;

= 10000 CuEx T
. . FRANCE ‘M Zen AX s
determinations L o o R
T UTySE Besangon Lm \H;w-s:wluinmmo':'” 2

[ Inter Laboratory Control ]

Grenoble
Bordeaux CuEx
CuEx REC
REC
Marseille e
x N o AUTRICHE

. Centre coordonnateur
. Centre constitutif

A Centres de compétences
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Conclusion

WD Biology: The classical triad + New tools

Reference Wilson
values Disease
_ .
Serum ceruloplasmin g/L) 0,2-0,5 Low
(CP)
Serum Total Copper (umol/L) 12,7 - 22,2 Low
i (CuT)
24 h urinary copper (umol/24h)  0,3-0,6 Inc:iaZEd
_ Hepatic copper (umol/g) <0,4 Incr:zsed

Exchangeable (umol/L)

Copper (CuEX) 1,15 increased

Relative CuEx (%) 3-8% > 18%

0,62 - Normal or

v'Quick
v'Reliable
v'Useful

30



Conclusion

v'New tools introduced in routine frame work

WD Diagnosis

REC

WD Family screening

WD Differential Diagnosis
CuExSWD Extra hepatic severity
Follow Up of treated patients

v'New tools Can be used in clinical trials

Data demonstrating reliability and usefulness

Validated in animal models/\ Preclinical steps

31
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