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Unique genes
57 697 sequence verified clones 19 171
42 970 MS verified antigens (~80aa) 19 021
50 027 array verified antibodies 18 858
25 511 antibodies on tissues with IHC 17 166
32 982 antibodies in cells with IF 17 232

Ensembl (83.38): 19628 genes
UniProt: 20197 genes

Current numbers in HPA



13 million images

Human Protein Atlas in tissues

Science
Jan 2015



The brain proteome 



Science
May 2017

Human Protein Atlas in cells



Antibody suspension bead arrays

384 analytes
x

384 samples

Single binder assays
Direct labelling
Relative protein levels
Screening



CSF plasma

Dec 2016
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Protein profiles in CSF
AD1 AD2 PD

Neurogranin regulates synaptic 
plasticity by regulating calmodulin

GAP43 is associated to axonal regeneration



PD Name Sample material total IPD HC-PD, 
HC-AD

PAD,  AR-
AD, AR-
PD, FPD

EPD LPD Group 
comparison

Paris Jean-Christophe Corvol AET_01 CSF 66 39 12 1+4+7+3 iPD-Ctrl

Bonn Ullrich Wüllner AET_02 CSF 23 21 2 iPD-Ctrl

Stockholm Per Svenningsson AET_03 CSF 34 29 5 iPD-Ctrl

Tübingen AET_04 CSF 75 -

198 89 19 15

Tübingen AET_05 Plasma 249 88 95 50 LPD-EPD-Ctrl

AD total AD MCI PAD ND Controls

Bonn Michael Heneka AET_06 CSF 220 103 77 40 AD-MCI-Ctrl

Barcelona Raquel Sanchez-Valle AET_07 CSF 136 67 44 25 AD-MCI-Ctrl

Paris Bruno Dubois AET_08 CSF 23 23 -

379 170 121 40 25

Aetionomy - Samples



Antibody selection

824 CSF and plasma samples

Protein profiling of 216 proteins 
covered by 307 antibodies

39 novel proteins covered by 70 
antibodies to enhance coverage 
of Aetionomy based mechanisms



Overall characteristics of samples from cohorts

PD Name

Paris Jean-Christophe 
Corvol AET_01

Bonn Ullrich Wüllner AET_02

Stockholm Per Svenningsson AET_03

Tübingen CSF AET_04

Tübingen Plasma AET_05

AD
Bonn Michael Heneka AET_06

Barcelona Raquel Sanchez-Valle AET_07

Paris Bruno Dubois AET_08



GAP43
Neuromodulin/ Growth associated protein 43



NRGN
Neurogranin



Protein targets selected from the  
Aetionomy candidate mechanisms:

• Innate Immunity
• Astroglial inflammation
• Diabetes related pathways



Neuroinflammation
Innate immune response and astroglial inflammation



Neuroinflammation
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Innate immune response and astroglial inflammation



AQP4
Aquaporin 4

Astrocyte enriched protein

Regulates body water balance and 
mediates water flow within the 
central nervous system.
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These patients have high 
Tau and pTau levels

AQP4 in independent PD cohort
Total Male Female Age±SD

Controls 48 30 18 64.04±11.64
PD 48 29 19 64.27±10.23

PD treated 32 15 17 65.53±10.67
PD untreated 16 14 2 61.75±8.74



Correlation (green significant)
PD 

Duration
Hoehn&

Yahr
LED 

(Therapy)
UPDRS-

III
UPDRS 

total NMS HADS 
total MoCA CSF Ab42 CSF Tau CSF P-

Tau Age (PD) Age 
(controls)

p-value 0.0001 0.0001 0.0030 0.0516 0.0098 0.0620 0.1438 0.0394 0.2004 0.0008 0.0031 0.0880 0.4885
r-value 0.51916 0.53336 0.39907 0.29816 0.42384 0.28224 0.19722 -0.31025 -0.13839 0.49058 0.43020 0.19855 0.00429
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AQP4 correlation with symptoms



IGF1/2
AChE

CREB

Microglia TNFα

Cell proliferation
Synaptic plasticity

GLP-1R

IL-1

PI3K

NFκB

BDNF

MAP
Kinase

IR

NFκB

Akt

GLP-1 
analogues
Exenatide
Liraglutide
Lixsenatide

TNFα

P

mTOR

Insulin

GLP-1

GLP-1

DPP-IV

PPAR

Anti-inflammatory 
mediators

Glitazones
Piogliatazone

PGC-1α

IDE

α-syn

p p

P
CREB

IL-1

Anti-apoptotic factors
Cytokines, chemokines, 

cell cycle regulators
Cell survival 

FoxO

Cholinergic
neuron

GSK3β

PKA

cAMP

AChEIs
Rivastigmine

donepezil

mAChR

Ach

Ach

Gq

DDP-IV inhibitors
Saxaliptin
Sitagliptin

Nicotinic 
receptor

IL-1R1

TNFR1

Peripherally or 
centrally produced 

Insulin / IGF-1

GIPR

GIP

Diabetes related pathways in dementia



Diabetes related pathways



Protein targets selected from previous 
neuroproteomics in-house efforts at  

Prof Peter Nilsson/SciLifeLab. 



BASP1
Brain abundant membrane attached signal protein 1

Immunocytochemistry

T-TAU



CCK
Cholecystokinin



Conclusions

• Study PD samples with relation to the three genetic clusters described by Prof Corvol

• Multivariate analyses considering clinical signs and symptoms

• Verify findings with additional antibodies and alternative assays

• Correlate paired CSF and plasma for interesting candidates

• Robust protein profiling from samples from different countries and cohorts

• Preliminary further evidence for increased neuroinflammation and 
altered diabetes-related signaling in neurodegeneration

• Many CSF changes in AD, but potential candidates also in PD

Future Directions
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