connections are maintained between neurons.
Iram and colleagues found that genes thatare
typically expressedinoligodendrocytes were
highly upregulatedinold micetreated with CSF
from young mice, compared with the animals’
aged counterparts treated with artificial CSF.

Previous work has demonstrated that suc-
cessful fear-conditioning in mice requires
oligodendrocyte proliferation and myelin
formation, and that disruption of this process
impairs memory*°. The authors therefore
examined whether treatment with the young
CSF affected the proliferation and maturation
of oligodendrocyte precursor cells (OPCs).
Indeed, they found that young CSF more than
doubled the percentage of OPCs actively pro-
liferating in the hippocampus of old animals.
This cellular change was followed three weeks
later by anincrease inmyelin production. The
findings strongly suggest that young CSF
improves the cognitive abilities of aged mice
by modulating oligodendrocytes.

Theauthorstookadeeperdiveintothe path-
ways activated by young CSF using an estab-
lished line of rat OPCs grown in cell culture.
Gene transcription involves the formation of
chainsofvarious nucleoside moleculestomake
RNA, solrametal.added alabelled nucleoside
to the culture mediuminwhich the OPCs were
grown — this enabled the authors to isolate
and sequence newly made RNA transcripts,
which had incorporated the labelled nucleo-
side. The greatestincrease in gene expression
in response to young CSF treatment was in
serum response factor (Srf), which encodes a
transcription factor thatinitiates cell prolifera-
tionand differentiation. Six hours after young
human CSF administration to the OPCs, Srf
expression had returned to baseline levels, but
downstreamtargetsrelated tothecellcycleand
proliferation were upregulated. The authors
confirmed that these SRF signalling pathways
were alsoactivated inold mice after young CSF
administration.

CSF contains a rich cocktail of signalling
molecules and growth factors, many of which
couldinducethe SRF signalling pathways seen
in the OPCs. Iram et al. identified candidate
factors capable of inducing Srfexpression in
published protein databases fromlarge-scale
studies of CSF. Fibroblast growth factor 17
(FGF17) emerged as a compelling candi-
date. The authors showed that the protein is
robustly expressed in mouse neurons, exhib-
its decreased expression in aged mice, and
induces OPC proliferationincultured rat OPCs.

FGF17 infusion into old CSF partially reca-
pitulated the effects of the young CSF, both
in vitro in OPCs and in vivo, improving the
memory recall of aged mice (Fig. 1). Finally,
the authors demonstrated that the blockade
of FGF17 in cultured OPCs treated with young
CSFwas sufficient toinhibit OPC proliferation,
and that treatment of young mice with FGF17
blockersimpaired cognition. The researchers’

experiments strongly suggest that FGF17 is a
CSF-borne factor crucial for cognition, and
demonstrate that its effects are probably medi-
ated by oligodendrocytes and myelinationin
the hippocampus.

Iram and colleagues’ finding adds FGF17 to
agrowing list of factors that affect neuronal
developmentand cognitionandthatareknown
to change with ageing®’. There has been par-
ticularinterestin CSF and its signalling factors
duringbraindevelopment, whenneuronal pro-
genitors depend onthese signalsto proliferate
andbuildthecerebral cortex®’. The CSFalsohas
rolesinadultmice, forinstanceininfluencing
neuron productionin the brain’s subventricu-
lar zone'™. Previous work has often found that
beneficial CSF factors originate in the choroid
plexus —asheet of tissue located in each ven-
tricle of the brain thatsecretes CSF and forms
amajor barrier between the brain and therest
ofthebody. Unexpectedly,Iramand colleagues
found that FGF17 in the CSF isn’t sourced by
the choroid plexus, but, instead, by youthful
neurons themselves, providing evidence that
neuron-based signals are delivered by the CSF
—aprovocative hypothesis about protein and
fluid distribution throughout the brain. How
FGF17 is distributed in the CSF and delivered
to target cells in the hippocampus presents a
new direction of research.

Iram and colleagues have broken ground
in the field of brain health and ageing by

Microfluidics

discovering that young CSF contains a factor
thataids memory recallin older mice through
oligodendrocyte maturation and myelination
inthe hippocampus. Not only does the study
imply that FGF17 has potential as a therapeu-
tic target, but it also suggests that routes of
drug administration that allow therapeutics
todirectly access the CSF could be beneficial
intreating dementia. Any such treatments will
behugely helpfulinsupporting our ageing pop-
ulation.
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Alab-on-a-chip that takes
the chip out ofthelab

Mazher Igbal Mohammed

A microfluidic system achieves miniaturization without the
need for extra equipment, bringing chip-based devices closer
to mainstream commercial reality, with aframework that
could be widely applied to diagnostics. See p.464

Lab-on-a-chip systemsaimto encapsulate the
capabilities of alaboratoryinasingle miniatur-
ized device for usein medical diagnostics, bio-
medical tissue engineering and environmental
sampling'. But such systems typically require
bulky ancillary equipment, such as fluidic
pumps, microscopes and high-voltage power
supplies, earning them the tongue-in-cheek
name ‘chip in alab’. On page 464, Yafia et al.”
reportalab-on-a-chip systemthat can be easily
3D printed and requires only a smartphone,
which is used as a photodetector. Together,
the device and phone can test human saliva
forarange of biological targets, including the
coronavirus SARS-CoV-2.

© 2022 Springer Nature Limited. All rights reserved.

Thefirstlab-on-a-chip systemwasbuiltinthe
1970s. It was a gas chromatographic analyser,
adevice that separates compounds through
vaporization, and was made fromsilicon, using
fabrication techniques that were developed
in the microelectronics industry®. However,
although such techniques offer impressive pre-
cision, there are many logistical issues associ-
ated with the use of microfabrication methods
to build lab-on-a-chip systems®*. In particular,
the devices produced by such methods are
often made of polydimethylsiloxane (better
known as PDMS), whichis permeable to water,
creating problems such as fluid leaching and
evaporation. Components of lab-on-a-chip

Nature | Vol 605 | 19 May 2022 | 429
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Figure 1| A ‘microfluidic chain reaction’ on a chip. Yafia et al.”* designed a
microfluidic chip comprising networks of micrometre-scale channels that

can be used to control the mixing of liquids containing reagents. The authors
used this microfluidic chain reaction to automate an eight-step sequence ina
common protocol for detecting SARS-CoV-2 antibodies in a human saliva sample.
a, The protocol introduces detection antibodies that bind to the SARS-CoV-2
antibodies, and that are connected to an enzyme enabling detection. A substrate

devices also typically require multiple
precision-fabrication processes, and this limits
the scalability of manufacturing.

Attentionis therefore moving towards test-
ing prototypes of systems thatare constructed
using laser ablation and 2D- or 3D-printing
technologies®”. Yafia and colleagues used
3D printing to construct their lab-on-a-chip
system. This offers a blueprint for building
low-cost devices that require minimal fabrica-
tionskillsand canincorporate functionalities
such as fluidic flow.

The authors’ device comprises networks
of micrometre-scale channels and reservoirs
that can be used to manipulate liquids con-
taining reagents, and thereby to control
biological reactions. The system facili-
tates a ‘microfluidic chain reaction’, using
domino-like valves to enable controlled
release of reagents from a series of reservoirs
(Fig.1). The opening of one reservoir occurs
only when the one preceding it in the chain
has been drained. In this way, Yafia et al. were
ableto control the propagation of achemical
chainreaction.

To dothis, they made use of capillary action,
aphenomenonthat occurs whenintermolec-
ular adhesive forces at the interface between
asolid and a liquid compete with cohesive
forcesin the fluid. Plants use this mechanism
todraw water into their roots, and microfluidic
platforms canuse the same principle to control
the flow of a fluid by modifying the effective
‘wettability’ of a channel surface. Yafia and
colleagues designed a system in which the
surface interaction of a fluid of interest can
be controlled in 3D-printed channels. They
achieved this through careful consideration
of the material’s surface properties and the
channel geometry, allowing for complex flow
control.
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The key advantage of using capillary action
is that it removes the need for bulky fluidic
pumping systems. The authors analysed their
microfluidic devices with asystemanalogous
toanelectriccircuit. Forinstance, flow speed s
comparabletoelectrical resistance, inthatan
increasein the flow resistance slows the migra-
tionofafluid.Ifresistanceincreasesbeyond a
threshold, the fluid can be immobilized within
achannelstructure.

One impressive aspect of the study is the
development of configurations that can be
used to manipulate the flow, controlling migra-
tion speed and halting and reinitiating flow.
Thedevice canalsobring multiple flow streams
together without introducing bubbles — the
bane of any microfluidic system.

Perhaps more importantly, these configu-
rations can be used to evacuate a fluid froma
filled channel. This ability is agame-changer,
because clearing complex microchannel
networks of fluid is a far from trivial task.
It is typically achieved using air to displace
the fluid — an approach that often results in
the formation of bubbles and stagnant areas
thataredifficult toclear. Yafiaand colleagues’
demonstration paves the way for precise con-
trol of the fluidic volumes usedinreaction pro-
cesses, making such microfluidic systems easy
to use and minimizing waste of often-expen-
sive reagents.

Theteamused its device onasaliva test for
SARS-CoV-2antibodies. The test could poten-
tially be used to detect infection, to assess a
patient’s prognosis and to distinguish between
vaccinated individuals and those who have
acquired antibodies through infection. The
result can be read out by eye or quantified
using a smartphone equipped with a simple
cardboard attachment designed to block
ambient light. The authors also showed that

© 2022 Springer Nature Limited. All rights reserved.

solution triggers the creation of abrown precipitate. b, The saliva sample flows
into the chip through aninlet and remains in a channel until the chip is manually
connected to an exit membrane containing a protein that binds to SARS-CoV-2
antibodies. All liquids in the chip are sequentially released into this membrane,
starting with the sample, and a buffer solution is introduced between reactions.
The brown precipitate can be seen by the naked eye on a detection band or
quantified using a smartphone. (Adapted from Fig. 3 of ref. 2.)

the chip could be used to test the coagulation
ofblood plasma, and thus assess a person’s risk
of thrombosis.

Ultimately, Yafiaand colleagues’ study pro-
videsarobustsolutionto several long-standing
‘chipinalab’issues that have plagued micro-
fluidic systems — and it does so in dramatic
fashion. The authors’ device has the potential
todethronethe current ‘king’ of portable diag-
nostics systems, the lateral flow test, becauseit
isamoresophisticated platformthat can pro-
duce quantitative — rather than purely qualita-
tive —diagnosticresults. Could thisresearchbe
akey chapter in the story of how quantitative
and clinically useful diagnostics come to be
conducted at home? Only time will tell, but in
light of the ubiquity of home diagnosticsinthe
wake of the COVID-19 pandemic, itis an exciting
step towards that goal.
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