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i Signs of Alzheimer’s
disease

In a schematic representation, five primary functional and anatomical
features characterize the AD brain:

(a) loss of neurons and synapses in the cerebral cortex
(b) density and distribution of extracellular amyloid plaques

(c) presence of intracellular neurofibrillary tangles containing hyper-
phosphorylated Tau

(d) increased oxidative damage of lipids, protelns and nuclelc aads

(e) loss of biometal homeostasis

AFR
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Erain copper deposits

WILSON’S DISEASE

Kayser -Fleischer rings
in the iris._

Copper intake with diet:
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Copper dysfunction in
Alzheimer’s disease:

Biochemical evidence
In vitro




— The CuBD'sequence -

T

FLHQERMDVCETHLHWHTVAKE

Iy
Copper Reduction

Copper hinding

N

25

APP reduces Cu (Il) a Cu(l)

(Multhaup G et al., Science 1996)

H,0, production by ACu2
(Opazo et al., J Biol Chem. 2002)

AB deposits dissolution by

biometal depletion
(Cherny et al., J Biol Chem 1999)

APP/AB metalloprotein

controlling [Cu]in

(White AR et al., Brain Res 1999)
(Barnham et al. J Biol Chem 2003)




Model of copper toxicity

Physiological AB

oxidauonl Sopper
Fenton reactions Rogue soluble AR
/

copper

H,0,  Diffuse ‘amyloid

T~

oxidation

Oxidative stress toxicity plaques
(modified by Bush Al Trends Neurosci 2003)

AFR




What happens in living
patients?
Does a copper

dysfunction occur in AD
patients?

AFR



Copper dysfunction in
Alzheimer’s disease:

Clinical evidence




AD copper subtype:12'years.of ewdence@

2002  Squitti et al., Elevation of serum copper levels in Alzheimer's
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2008 Squitti et al., Ceruloplasmin fragmentation is implicated in 'free’
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2009 Squitti et al., Longitudinal prognostic value of serum "free" copper in
patients with Alzheimer disease - Neurology

AF 2014 Squitti R et al, Value of serum non-ceruloplasmin copper for prediction
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Elevation of serum copper levels in Excess of serum copper not related to
Alzheimer’s disease & ceruloplasmin in AlzheimerW:\s ¥/
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Cu:ceruloplasmin ratio

Copper ([umolil)

Pridictod probability of AD

Cu (deviation from controls’ mean)

Table 3 Correlation between outcomes of neuropsychological examination and peroxides, copper, and TRAP level

Neurvpsychwlogical Lest Peruxides, n = 54 Cuopper, n = 54 TRAP, n = 54

AVLT Immediate Recall —-0.231. p = 0.093 —0.413. p = 0.002 = 0.285, p = 0.039
AVLYT Delayed Kecall —0.303, p = 0.U26 —0.391, p = 0.003 = 0.304, p = 0.027
Immediate Visual Memory —0.158, p = 0.254 —0.246, p = 0.073 = 0.303, p = 0.028
Copy Drawing —0.242, p = 0.075 —0.376, p = 0.005 = 0.242, p = 0.081
Copy Drawing with Landmarks —0.257, p — 0.061 —0.427%, p — 0.001 — 0.315, p — 0.022
Raven's Propgressive Matrices —0.289, p = 0.036 —0.439, p = 0.001 = 03584, p =00
Sentences Construction -0.031, p = 0.825 —0.204, p = 0.139 = 0.129, p = 0.357
Verbal Fluency —0.106, p = 0.446 —0.354, p = 0.009 = 0.357, p = 0.009
Digit gpan —0.262, p = 0.056 —0.285, p = 0.037 = 0.233, p = 0.094
Corsi Test -0.173,p = 0.21 —0.288, p = 0.035 = 0.255, p = 0.065
. MMSE -0.227, p — 0.089 —0.331, p — 0.012 — 0.252, p — 0.061




Excess of nonceruloplasmin serum
copper in AD correlates with MMSE,

b | L | | i
CSF pB-amyloid, and h-tau
B Squith, PhTi; G. Barbat, Phl; L. Rezs:, PhlD; M. Ventrigha, PhID; & Dal Forno, MD, PhIb;
S. Cesarett1, PhD); F. Moffa, PhD; 1. Candi, MD); E. Cessetta, MD; P. Pasqualetti, PhD; L. Calabreze, PhD;
T Taapai, MTY; and P M. Ros=ing, MT)
|
Table 3 Correlationz between copper explained and unexplained NEUROLOGY 2006,67:76-82
by ceruloplazmin in the serum and CSF markers of Factor 1 | Factor2 | Factor3
neurodegeneration Visuo- Verb Languag
spatial Mem e
CSF
B- r=.03 r=0.43 r=.19
B-Amyloid h-tau Potau amyloid | p=.92 p=.03 p= .37
mgml)  mgml) || mgmbd | o=17)  Na=25)/ | @=24)
Serum in = 43) (n = 43) = -8 = -33 = -26
C-:npper E-!{plﬂi]:led h-tau P= 27 P= 1 P= 22
{mol/L) (ng/ml) (n=17) (n=25) (n=24)
r —0.21 -0.12 r=.20 r=.23 r=.26
P-tau p= .45 p=.26 p=.22
p 0.18 043 (mg/ml) | (n=17) | =25 | (n=24)
Copper unexplained
{jumol/L) CSF r=-.524 r=-.039 r=-.32
B copper p=.05 p=.869 p=.2
’ 0.49 0-21 @moll) | m=14) | 1=20) | (n=19)
P 0001 0.17 Bound | r=.26 r=-08 | r=.10
Pearson correlation coefficient (r) significant at the 0.05 level. Copper | p=.35 p=.72 p= .68
(umol/1) | (n=14) (n=21) (n=20)
‘Free’ | r=-37 (é-.45 r=-41
Copper | p=.20 p=.04 p=.07
AE;R @mo)) | (n=14) N@=21)/ | (n=20)
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"Non-

42 MCI converters
99 MCI stable
6 year follow-up

0.87

0.7

0.6

-Cp Cu MCFconversion

Faster rate of conversion to AD:
Among the MCI, the 20% more rapid to convert to AD

employs about 4 years if they have normal levels of Non-Cp-
Cu and less than 1.5 years if they have levels higher than 1.6
umol/L

Increased risk for AD:
After 4 years, the probability of
conversion to AD is less than 20% in
—¢  MCI with low Non-Cp-Cu and almost

05

0.37

0.2

0.1

Proportion of MCI| without conversion to AD

¢ 50% in the MCI with higher than 1.6
pumol/L

o Non-Cp copper >1 .6uM

° Non-Cp copper <1 .6uM

AEIR (Squitti e
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t al., Annals of Neurology 2014)




Copper dysfunction in
Alzheimer’s disease:

epidemiologic data




ORIGINAL CONTRIBUTION

Dietary Copper and High Saturated and trans Fat
Intakes Associated With Cognitive Decline

Martha Clarz Morris, ScD; Denis A. Evans, MD; Christine C. Tangney, PhD; Julia L. Bienias, ScI;
Julie A. Schneider, MD; Robert 5. Wilson, FhL; Paul A. Scherr, 5cD, PhD

Table 2. Ape- and Hllllpli-ﬂd]uﬂnd Differences Copper and Cognitive Loss
in the Estimated Annual Rate of Ghange in Cognitive Score
During 6 Years by Intake Level of Copper, Zine, and Iron ‘ Copper Intake (mg/d)
Among 3718 Participants in the Chicago Health and 1.05 1.38
Aging Project, 1993-2002* T —— :

Dietary Supplements and Mortality Rate

in Older Women (The lowa Women'’s Health
Study) the use of vitamin and mineral
supplements in relation to total mortality in 38
772 older women: Copper was associated with s b
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per in their dicts—averaging 2.75 milligrams per day—along with

(Mursu (3 al, ArCh Intern MEd-) fatty diets lost much more cognitive function as time went on com

pared with people who bad less copper in their diets

Relationship between Mortality from
Alzheimer's Disease and Soil Metal
Concentration in Mainland China.

AF R Shen Positive J Alzheimers Dis. 2014
'/

(Morris et al Arch Neurol 2006)




Copper dysfunction in
Alzheimer’s disease:

Meta-analytic data
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Meta-Analysis of Serum Non-Ceruloplasmin
Copper in Alzheimer’s Disease

Rosanna Squitti*®*, Tlaria Simonelli?, Mariacarla Ventriglia®, Mariacristipa Siotto®,
Patrizio Pasqualetti, Alan Rembach', James Doecke &" and Ashley 1. Bush/

authotyear N_pat cumell_patsd_cu pat n_ctr cumell_clr sd_cir SMD (95% Cl) Weight

Shore et al . 0.10 {0.97, 0.7E)2.55
Jeandel et al X 0.14{-0.24, 0.62) 3.76

Kapaki et al : 0.81 179, 0.18)2.30
Basun et al : 0.08 (-0.46, 0.83) 3.55
Mattiello et al . . 0.00 (075, 0.75) 2.90

Malaschi et al X 0.11 {0.48, 0.25)4.11
Melina et al X 0.18{-0.37, 0.70) 3.58

Gonz7ez etal 51 : ’ 0.39 (0.02, 0.81) 3.95

Squitti etal 79 . : 1.04{0.70, 1.37) 4.19

Czcankaya et al27
Smorgon et al 8
Boceca et al 80
Squitti =t al
Sedighi et al
Squitti et al
Sevym et al

Squitti et al
Agarwal et al
Zappascdi et al54
Arnal et al 110
Vural et al 50
Baum et al 44
Breweretsl 28
Squitti et al 105
Rembach et al 152
Lopez et al 35
Squitti (2013) 93

18
139
1582
15.82

3.4
208
288
3.5
2.4
37
27
28
513

Crverall {l-squared = 84.8%, p=0.000)

NGTE: Weights are from random effects analysis

0.10 {-0.64, 0.45)3.55
2.23(1.02 2.44) 1.80
0.25(-0.14, 0.64) 403
1.00 {0.56, 1.43) 3.89
0.32 {-0.08, 0.71) 4.02
1.19{0.60, 1.78) 2.41
0.50 (D.20, 0.81) 4.27
0.73(0.33, 1.13) 4.01
0.70 {0.30, 1.11) 3.99
0.88(D.14, 1.18) 3.61
1.22{0.90, 1.53) 4.25
0.84 (-1.04, 0.245.00
0.28 (-0.14, 0.71) 3.92
-0.53 {-1.06, 0.00B.60
0.61 {033, 0.89) 4.34
-0.15 {-0.32, 0.03)4.58
0.81 (012, 1.09) 3.74
0.70 {0.34, 1.08) 4.13
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25% Labile copper
increased in AD in

Brodman area

(James et al Free Radic
Biol Med 2012)
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Low levels of copper disrupt brain amyloid-f
homeostasis by altering its production and clearance

kender Singh*"*, Abhay P. Sagare™”, Mireia Coma™", David Perlmutter™”®, Robert Gelein®, Robert D. Bell*®,
Richard J. Deane®* Elaine Zhong™®, Margaret Parki®™®, Joseph Ciszewski®*, . Tristan Kaspertss,
and Rashid Deane™"*’

Departmients of “Heurcsurgery, “Pediatrics, and “Ervircnmental Medidne, and Centers for “Heurcdegenerative and Vascular Brain Disorders
and *Tramsl ational Heuromed idne, University of Rodvester Medial Genter, Rodhester NY 14642

Edibed by Thomas C. Shdhof, Stanford University School of Medidne, Stanford, C4, and approwved buly 18, 2013 {received for review February 2, 2013)
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Copper dysfunction in
Alzheimer’s disease:

genetics




Am ) Neurocegener Dis 2013; 21 2)- XX X-KK
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Review Article
Copper phenotype in Alzheimer’s disease: dissecting the
pathway

Pozanna Squitti?, Benato Polimantis

Normal copper metabolic pathw;

ATO

COMMD1

Healthy individuals
or Patients with copper AD

Patients with non-copper AD (60°/o of LOAD)




~ The copper gene ATP7B associates with AD &f@%&

2013  Squitti R, et al., ATP7B Variants as Modulators of Copper
Dyshomeostasis in Alzheimer's Disease - Neuromolecular Med.

2013 Bucossi et al., Intronic rs2147363 variant in ATP7B transcription
factor-binding site associated with Alzheimer’s disease - J Alzheimers Dis.

2013  Squitti R et al., Linkage disequilibrium and haplotype analysis of
the ATP7B gene in Alzheimer's disease - Rejuvenation Res.

2012  Squitti R. Copper dysfunction in Alzheimer's disease: from meta-
analysis of biochemical studies to new insight into genetics - J Trace Elem
Med Biol

2012 Bucossi et al., Association of K832R and R952K SNPs of Wilson's
disease gene with Alzheimer's disease - J Alzheimers Dis.

2012  Squitti R, Polimanti R. Copper hypothesis in the missing
hereditability of sporadic Alzheimer's disease: ATP7B gene as potential
harbor of rare variants - J Alzheimers Dis

2011 Bucossi et al., Association between the c. 2495 A>G ATP7B
Polymorphism and Sporadic Alzheimer's Disease - Int J Alzheimers Dis.

AFR




ATP7B informative SNPs in AD risk

Chromosome Band

UCSC Genes

Ctrl:230

(Squitti et al., 2013 Rejuvenation Res. 16:3-10)




ATP7B loci in transmembrane domains
associate with an increased risk for AD

SNPID Best OR adjusted

genetic model (95%CI) Pvalue
< 0.001!

IS732774 recessive 2.31
(1.41-3.77)

rsi061472  Log-additive 173
(1.23-2.43)

rs2147363  Log-additive 1.58
(1.11-2.25)

rs1801243  Log-additive 52
(1.10-2,09) LUMINAL SIDE

0.002

Copper Q

Ceruloplasmin

(Squitti et al., 2013 Rejuvenation Res. 16:3-10)




ATP7B SNPs modulate Non-Cp copper in AD patients

ELEIE

B NN
rs1801243 .-.---.-.
NN

Recesswe

Codominant --

s e |
= I A A
Codominant -------..

rs1061472| Dominant .-.---.".
recessve | | ) | L]

Codominant ------ -

rs732774 | Dominant . .--- -
s | | | [ L L]

| B | [ ] ||

GCGA haplotype

[Non-Cp copper] in AD and
rs732774

AD carriers of GG genotype
have higher levels of Non-Cp
copper than carriers of AA+AG
genotypes

(p value = 0.005)

(Squitti et al., Neuromolecular Med. 2013)




Copper dysfunction in
Alzheimer’s disease:

1 patent,

1 CE-certified
blood test for
Non-Cp-Cu
(C4D)
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Conclusions —

Serum Non-Cp-Cu increases HIGHER than normal
values are present in about 50% of amnestic MCI
subjects and 60% of AD patients. Non-Cp-Cu
correlates with:
the major deficits of AD
markers of AD (beta-amyloid a s

Copper in CSF o1 umol)
Clinical worsening el g

MClI state T i ®
MCI conversion to AD peroudar stseamion IR
Copper dysfunction has a

genetic basis on ATP7B gene

variants
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