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Wilson et al., 2019,
Proc Natl Acad Sci USA, 116, 19619-19625
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m Bi—#% (single nucleus) RNA-
sequence (snRNA-seq)
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Sohn et al., 2019, Neuron, 104, 458-470
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Yilmaz and Benvenisty, 2019,
Cell Stem Cell, 3, 9-22

Yilmaz et al., 2018, Nat Cell Biol,
20, 610-619
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E Pluripotent stem cells
® Pluripotency

® |nduced pluripotency
® Multipotency

® Totipotency

® Developmental cycle
® Essentialome

-
%8tk (pluripotency) = B 72 2 fRE D 1%
ERABFETTIIRL AN ZREEEED
LTWBDHO % RS 2 ENH S,
REBGFRIEFE. )OI 701Tm
Z TR Dessentialome&NA 742D
BENSTZEEME I EIRADENEETH D,
In VitroCOEDZEMERITIRELHAR
BETHIN, ERINDAEEMEITE,
INFTOBGEFRROT7 74V T EIFT
I$ZREMIESICEET A HMRISREN TH S,
Essentialomef##f1C & > TZEEM Dmaster
regulatorsiCB 9 MR RIFIEI N,
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(pluripotent stem cells) EMER, ZDVEDTHBE b
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5. S—EILEEM ]| ICEAT SR Zup-dateg 52 &
(&, Bl AWR K DRIZRFR DA R RiESD
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Different Views on Pluripotency
iPSHERIDZEEMEEZRDLDDERZREMNSOIRZS;(1)
embryonic development,(2) transcriptomes of pluripotent cell
stages,(3) genes and pathways that reprogram somatic cells
into pluripotent stem cells, 3£ U*(4) the recent identification of
the human pluripotent stem cell essentialome,

Developmental view

ZEetEE MR AnaiveRl S primedBUICHEET D EHRIBES N
TWABH, ZNICHE AL E MPSHRRRIZprimed LD A RS <
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ETLR)ZREREELTWS, ElnaiveR ZEEM 8RR % A
Wzprimed 2 TIXE# 2 HIRADMEFENBRRFIN TV S,

Transcriptomic view
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ENBZDEGRFIF AHMERICEIT2ZHMEERBICEEER
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Chen et al., 2019, Nat Nanotechnol,
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Hoffmann et al., 2019, Cell, 181, 1-10
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What exactly get
across the
Blood-Brain-Barrier?

-Physiological blood-brain
transport is impaired with age by
a shift in transcytosis-

Yang et al., Nature, 2020,583, 425-430
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= Blood-Brain-Barrier (BBB)

® Brain Microvascular Endothelial Cells
(BMEC)

mAging

® Receptor-mediated transcytosis (RMT)

® Nonspecific transcytosis

=1
BBB allows blood borne proteins to

enter the healthy brain at a much
higher rate than previously thought.

The overall amount of plasma proteins
entering the brain actually decreases with age.

Receptor-mediated transcytosis is
significantly reduced and
non-receptor-mediated (nonspecific)
transcytosis increases with aging, leading
to nonspecific entry of a larger variety of
plasma proteins into the brain.

Pharmacological inhibition of the
age-upregulated alkaline phosphatase,
ALPL, increased receptor-mediated
transcytosis of the transferrin receptor.
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The vascular interface of the brain, known as the blood-brain
barrier(BBB), is understood to maintain brain function in part via
its low transcellular permeability. Yet, recent studies have
demonstrated that brain ageing is sensitive to circulatory proteins.
The authors showed that plasma proteins readily permeate the
healthy brain parenchyma by labelling hundreds of proteins
constituting the mouse blood plasma proteome. Plasma protein
uptake diminishes in the aged brain, driven by an age-related shift
in transport from ligand-specific receptor-mediated to non-specific
caveolar transcytosis. This age-related shift occurred alongside a
specific loss of pericyte coverage. Pharmacological inhibition of the
age-upregulated phosphatase ALPL, a predicted negative regulator
of transport, enhances brain uptake of therapeutically relevant
transferrin, transferrin receptor antibody and plasma. These
findings reveal the extent of physiological protein transcytosis to
the healthy brain, a mechanism of widespread BBB dysfunction
with age and a strategy for enhanced drug delivery.

Circulatory proteins permeate the healthy adult brain

It has been proposed that the BBB becomes more permeable with age, but
the authors showed that the BBB allows bloodborne proteins to enter the
healthy brain at a much higher rate than previously thought by direct
labelling of mice albumin/igG depleted plasma with 64Cu and Atto 647N
fluorophore using autoradiography and fluorescence microscopy
respectively. This finding suggests that a wide variety of neural functions,
including mood and behavior, could be modulated by systemic protein
signals.

Blood-to-brain protein transcytosis shifts from
receptor-mediated transcytosis to
non-receptor-mediated transcytosis with age.

Plasma depleted of albumin and IgG uptake diminished by nearly half in the
aged brain using labelled IgG. In addition by comparing with BMEC single cell
transcriptome between 3 months young mice and 19 months aged mice,
global shift from ligand-specific RMT to non-specific caveolar transcytosis
with age in brain endothelial cells was observed and found diminished TFRC
and MFSD2A abundances with age even in protein levels.

Inhibition of age-upregulated alkaline phosphatase
restores receptor mediated transcytosis across the
aged BBB.

In aged mice brain, pericyte loss and ectopic brain calcifications were
observed, which are attributes of normal ageing. Administration of alkaline
phosphatase, upregulated in aged mice BMEC, inhibitor dramatically
enhanced the transcytosis of plasma and transferrin and TFRC antibody
transport across the aged brain endothelium.

BBB found to be more aptly characterized as an active interface that
mediates communication between the periphery and the CNS.
Understanding the principles of this communication, and how they change
with age, may be fundamental to understanding the brain function in health
and disease.
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