Quantification of Human Blood-Brain Barrier Transporters in
Health and in Dementia by Global and Targeted Proteomics
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O The function of the Blood-Brain Barrier (BBB) is essential in controlling
transport between systemic blood and brain tissue and this in turn
affects drug efficacy/toxicity.

rane
ABC: ATP-binding cassette
Membrane
. Traffi
@ ABC and SLC transporters represent a key protective element of the rattic SLC transport enzymes ATPases such as

Cell Cell jun- 4
€ ction an transporter rotein
Memb- d’ p p
classes (B).
transporters, SLC: Solute carrier
transporters, Other transporters;
BBB and act as gatekeepers to the CNS, playing a critical role in drug Fig.2 Receptors Mg2+-ATPase, Ca2+-
. .. . . v . ATPase and Na+,K+-ATPase. )
and xenobiotic brain disposition.

v" 3,390 proteins were identified using global proteomics

L Scaling factors: transporters abundances at the BBB and Brain v' 19% of these proteins were assigned to the plasma membrane
Microvessels Pro.tem. Pgr Firam Brain _(BMVPGB) can mform v' Importantly, 131 proteins were identified as transporters, out of which
development of in vitro-in vivo extrapolation (IVIVE) integrated in ABC and SLC transporters represented 14% and 48%, respectively.

physiologically-based pharmacokinetic (PBPK) models. 0 comparison between Proteomic Approaches

d We developed a sample-preparation protocol and applied targeted and r

. . .pe "\
——— . : Fig. 3. A strong and significant

. . g . epe . i { @ MRM i g 5 5 5 .
globa! mass spectromgtry for thfe identification an.d quantlﬂcat.lor.\ of E"Flg@'3§ o e correlation between targeted
proteins at the BBB in 22 brains. We hypothesize that optimised Tl 1 15 o 1 L' "1 111 | (MRM, AMRT) and label-free (LF)
methods for absolute quantification will provide more accurate el NN approaches. Hence, the
representations of transporter expression, inter-individual variability A RANAET | et assessment of transporter and
between brains and differences between health and disease. 2 - marker proteins using the three
Hj HHH B methods showed good
_ G S «v'* asa & & & ¢ agreement between quantitative

LR %\’Q 9\’0 \fd\ 2 \90 \,0 Qc’ © v

C*and***significantabund ce (in ? ol m gl of brai nmlcrovcg el pro tg)dff s between measurements. reSUIts' )

O Samples: Frozen brain frontal cortexes of 22 donors were supplied by -
the Manchester Brain Bank. The samples were supplied from healthy | Expression of BBB Markers and Transporters
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Dementia with Lewy Bodies (DLB) (n=5). abundances of cell markers (A); endothelial cells (GLUT1, PECAM1), neurons (SYP),

0 Sample preparation: Several optimization steps were introduced to astrocytes (GFAP), and pericytes (NG2); ATP1A1l is used as a plasma membrane
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|so|at? the m-lcrovessel fraction from ?2 bral'ns and ext'ract r-nembt"ane quantified at the blood-brain barrier (B) and expressed in pmol mg-1 of brain
proteins, which were then proteolytically-digested using Filter-Aided | icrovessel protein. ~N

Sample Preparation (FASP) and analysed using three LC-MS/MS A 118 Figd "°°§3 T \:\\\
proteomic methods: Targeted Multi-Reaction Monitoring (MRM), | 21 7|1 1 T 1 Lo, i:ﬁ
targeted Accurate Mass and Retention Time (AMRT) methodology and iéww; 3k é 0 Mcﬁ%cm
label-free global proteomics. s ; Tf:“ -
L QconCATs: Two transporter QconCAT “TransCAT” standards were used E“’ : W ﬂ ﬁ i HH HH L HH HH 1 ;Lé Eiar
to quantify transporters and cells markers: a liver TransCAT and a brain | "« Parers TRy i ‘H_fec* Lo
TransCAT. The “liver TransCAT” has previously been described, 2! the | v SERseee ey |2 PMP,r””’ Fig.5
brain TransCAT was designed specifically for this study. (3! 01

0.1 1 10 100
Expression in Sprague Dawley rat

O Enrichment of microvessel proteins and measurement of protein
content of brain microvessels per gram brain (BMvPGB): Levels of
enrichment of microvessel proteins were assessed using a colorimetric

brain microvessels (pmol mg )

Fig. 5. Comparison of protein expression levels
of transporters in brain capillaries between

PR PGSy XY X

2
1
9
8
7
5
4
5
o 3 S -Dawl tand h Abund f
. : = prague-Dawley rat and human. Abundance o
method and ATPase activity in isolated microvessels and homogenates |5 2 ivht uncti :
g N |E transporters, tight junction protein, receptors
QconCAT _ 2 16 and markers is expressed in pmol mg-1 of brain
R R e I = i jcrovessel prote
W pd E:: | ! \microvessel protein. N
%@ = :> &’1 |:> g Qll "& 19 Fig. 6. Brain microvessel protein per gram brain
ne o= v - ! '\ J\ s was assessed in the microvascular fraction of
2;3_) Z‘Dg:b § Q . ,J... \!m 1 . .
ot £288% 5 = —— Q'I 15 10 5 o os 12€ach of the 22 brains microvessel samples
§ o g'%vg 3 » Label-free Eﬂﬂﬂh]:l]ﬂhlﬂ \ Microvessel enrichment (fold) BMVvPGB (mg g”) relative to their homogenates_ )
w o o 8 —

Noteworthy, a similar proteomic expression profile between samples from

Fig. 1. Experimental workflow and quantitative methods used to analyse the DLB, AD, and healthy donors was observed, both at protein and peptide
9 proteins expressed at the BBB. ) levels.3!

d MRM assays and targeted LC—MS/MS analy5|s: Peptides were Conclusions

analysed by LC-MRM-MS/MS using an UltiMate® 3000 Rapid

Separation LC coupled to a Sciex 6500 QTRAP mass spectrometer. This work describes the protein composition of the BBB in health and
dementia and quantifies 53 transporters responsible for brain disposition of

xenobiotics and endogenous molecules.

0 Global LC-MS/MS proteomic analysis: The BBB global profiles were
determined using the a Thermo Q Exactive™ HF Hybrid Quadrupole- Importantly, 19 transporters were measured for the first time, and

Orl?itrapT(:)” mass spect_rometer. Desalted samples were loaded onto a.n assessment of the biochemical fingerprint of brain proteins highlighted healthy
UltiMate® 3000 liquid chromatography (LC) system over 180 min ageing and development of AD as the main contributors to changes in global

gradient. expression profiles.
O Bioinformatics: Skyline software was used for MRM method References
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peptide data were processed and searched using Mascot and
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