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Investigation of axonal biology in the central nervous system

(CNS) is hindered by a lack of an appropriate in vitro method to

probe axons independently from cell bodies. Here we describe a

microfluidic culture platform that polarizes the growth of CNS

axons into a fluidically isolated environment without the use of

targeting neurotrophins. In addition to its compatibility with

live cell imaging, the platform can be used to (i) isolate CNS

axons without somata or dendrites, facilitating biochemical

analyses of pure axonal fractions and (ii) localize physical and

chemical treatments to axons or somata. We report the first

evidence that presynaptic (Syp) but not postsynaptic (Camk2a)

mRNA is localized to developing rat cortical and hippocampal

axons. The platform also serves as a straightforward,

reproducible method to model CNS axonal injury and

regeneration. The results presented here demonstrate several

experimental paradigms using the microfluidic platform, which

can greatly facilitate future studies in axonal biology.

Neurons in the CNS extend axons over considerable distances and
through varying extracellular microenvironments to form synapses,
the basis of neuronal connectivity. Axonal damage is critical to the
etiology of CNS injuries and neurodegenerative disease (for exam-
ple, spinal cord injury and Alzheimer disease)1–3; therefore, con-
siderable effort focuses on the molecular and cellular mechanisms
that influence axonal plasticity and response to injury. In vitro
models facilitate the study of axonal biology in the peripheral
nervous system (PNS), but no suitable method has been developed
for the study of the CNS because of the challenges associated with
culturing CNS neurons.
In vitro studies using compartmentalized ‘Campenot’ chambers

have greatly improved the understanding of axonal biology within
the PNS4–6. Campenot chambers use a compartmented Teflon
divider attached to a collagen-coated petri dish via a thinly applied
silicone grease layer; typically nerve growth factor (NGF) promotes
neuritic growth through the grease layer. Much of the work
involving Campenot chambers focused on the influence and
transport of NGF. More recently, Campenot chambers have been
used to study the effects of lipoproteins on retinal ganglion axonal

growth7 and the effect of Rho antagonists on superior cervical
ganglion axons8. To date, all neurons cultured in Campenot
chambers require the use of either NGF or brain-derived neuro-
trophic factor (BDNF).

CNS neurons involved in the pathology of most neurodegenera-
tive diseases and injuries (for example, cortical, hippocampal and
spinal cord neurons) have not been successfully cultured in
Campenot chambers. These neurons are traditionally more difficult
to culture and do not have the same dependency on neurotrophic
targets for axonal growth as PNS or retinal ganglion neurons.
Chambers to isolate hippocampal axons, which used a thin cover-
slip and a grease layer to separate hippocampal neurites from
somata, have also been developed9. These chambers, however, were
extremely challenging to fabricate and assemble, precluding high-
throughput experimentation. In addition, these chambers had a
tendency to leak owing to an imperfect grease seal, and even slight
mechanical disturbances caused lesioning of the neurites. Finally,
both of the chambers had several problems that restricted adapting
the technique for sophisticated microscopy.

Microfluidics is becoming an increasingly useful tool for cell
biologists owing to its ability to precisely control, monitor and
manipulate cellular microenvironments10–14. Several biological
studies use microfluidic systems fabricated with poly(dimethylsi-
loxane) (PDMS) as a platform for miniature immunoassays,
separation of proteins and DNA, sorting and manipulation of
cells, and microscale bioreactors15–19. Development of microfabri-
cated devices for neurons has generally been engineering-oriented,
to develop retinal protheses20 and to use neurons for biosensor
applications17,21. Here we report the use of a microfluidic device for
long-term culture and compartmentalization of primary CNS
neurons with potential applications in neuroscience experiments.

The microfluidic platform can be used to isolate and direct the
growth of CNS axons without the use of neurotrophins, providing
a highly adaptable system to model many aspects of CNS neuro-
degeneration and injury. We have successfully cultured and
manipulated standard CNS neuronal populations (that is, primary
rat cortical and hippocampal neurons) within the microfluidic
device. We used the culture platform to isolate axonal mRNA from
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mammalian CNS neurons, an achievement
not possible by either in vitro or in vivo
methods22. Further, we investigated the
utility of the microfluidic platform as an
in vitromodel of axonal injury; demonstrat-
ing the ability to selectively lesion axons and
biochemically analyze their somata for
immediate early gene expression. Notably,
this technique can be used as a method to
screen compounds of interest for regenera-
tive potential. Specifically, we show axonally
restricted BDNF- and neurotrophin 3
(NT-3)-enhanced regeneration after axo-
tomy. The platform also permits the estab-
lishment of axonally restricted cocultures.
We cocultured oligodendrocytes with
CNS axons to show the potential use
of this method to study myelination as
well as demyelinating disease. Finally,
we demonstrate that this microfluidic
culture platform is ideally suited for high-
resolution axonal transport studies using
live cell imaging with optical microscopy
(for example, phase contrast, differential
interference contrast, epifluorescence and
confocal microscopy).

RESULTS
Fabrication of the microfluidic culture
platform
The microfluidic culture platform consists
of a molded elastomeric polymer piece pla-
ced against a glass coverslip (Fig. 1a,b)23,24.
The design of the device incorporates a
physical barrier with embedded micro-
grooves separating two mirror image com-
partments. Microgrooves that connect the
compartments act as a ‘filter’, allowing pas-
sage of neuritic processes into the axonal
side but not of cell bodies. Within 4 d
in vitro after plating dissociated neurons into one of the compart-
ments (somal side), neuritic processes began to extend into the
axonal side. The somal compartment contained approximately
3,000 neurons after 7 d in vitro, as labeled by immunocytochem-
istry with neuronal-specific marker, MAP2. Notably, neuritic
growth of cortical and hippocampal neurons is continuous for
over 2 weeks in the axonal side without the use of exogenously
supplied neurotrophic support.

Fluidic isolation within the axonal compartment
The platform allows the fluidic isolation of axonal microenviron-
ments by establishing a minute volume difference between the two
compartments. The high fluidic resistance of the microgrooves
produces a small but sustained flow between the compartments
that counteracts diffusion23,24. To demonstrate fluidic integrity of
the compartments, we incubated Texas red dextran (3,000 Da;
20 mM) in the axonal compartment for over 20 h. We detected no
trace of fluorescence within the somal compartment by either UV
spectroscopy (equivalent to background) or confocal microscopy

(Fig. 1c). We also validated the fluidic isolation by restricting
[35S]methionine (131 Da) to the axonal side of the chamber for
over 20 h (Fig. 1d). Scintillation counts of 35S radioactivity revealed
an average of 17,537 c.p.m. on the axonal side versus 3.7 c.p.m. on
the somal side. In a similar manner, we can establish fluidic
isolation of the somal compartment by reversing the hydrostatic
pressure (that is, higher volume on the axonal side).

Directional growth and isolation of axons
Having established the fluidic integrity of the compartment, we
wanted to empirically establish a barrier length that would allow
axonal isolation. To accomplish this we took advantage of the
growth properties of axons, which grow faster and longer than
dendrites25. After 7 d in culture, we observed that axons, but not
dendrites, extended into the axonal side of the platform, as assessed
by immunocytochemistry. At 14 d in vitro, however, a small
number of MAP2 immunoreactive dendrites (usually four to five
per chamber) began to cross into the axonal compartment when
we used 150-mm barriers (Fig. 2). As mature receptor phenotype

AxonalSomal
0

5,000

10,000

15,000

20,000
[3

5 S
]m

et
hi

on
in

e 
(c

.p
.m

.)

100 µm 3 µm

3 mm

Somal side
20 mm

Axonal side

a

b

d

c

Figure 1 | The microfluidic-based culture platform directs axonal growth of CNS neurons and fluidically

isolates axons. (a) The culture chamber consists of a PDMS mold containing a relief pattern of somal and

axonal compartments (1.5 mm wide, 7 mm long, 100 mm high) connected by microgrooves (10 mm wide,

3 mm high). The optically transparent PDMS adheres to a polylysine-coated coverslip. Rat CNS neurons

(green) are added to the somal-side reservoir and are drawn into the somal channel (black) by capillary

action. Within 3–4 d, axonal growth is guided into the axonal side (yellow) through the microgrooves.

(b) A volume difference between the somal side and axonal side (B50 ml) allows chemical

microenvironments to be isolated to axons for over 20 h owing to the high fluidic resistance of the

microgrooves. Similarly, the volume difference can be reversed to isolate a chemical microenvironment

to the somal side. (c) Fluidic isolation of Texas red dextran (top panel) to the axonal compartment

demonstrates that axonal or somatic microenvironments can be independently manipulated using this

culture platform. Axonally restricted application of CellTracker Green (middle panel) backtracked neurons

from their isolated axons. The bottom image is the merged figure. Scale bar, 100 mm. (d) Counts of

radioactivity in samples from somal and axonal compartments after [35S]methionine was localized to the

axonal compartment for over 20 h. Counts in the somal compartment (3.7 c.p.m. ± 1.5 s.e.m.) were

similar to background levels. Error bars, s.e.m. (n ¼ 3).
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is typically established between 10–14 d
in vitro, we widened the barrier widths
to isolate mature axons. Multiple immuno-
cytochemical experiments confirmed that
up to 14 d in vitro, no detectable dendrites
entered the axonal side of chambers when
barrier widths were greater than 450 mm
(Fig. 2). In this manner barriers can be
modified and lengthened to isolate axons
at varying culture ages.

Isolation of axonal mRNA
The neuronal cell body is classically consid-
ered the exclusive source of axonal proteins.
But recent evidence suggests that axonal
protein synthesis occurs and is important
in the development, maintenance and plas-
ticity of synapses22. Much of this work uses
invertebrate models such as Aplysia and squid giant axon owing to
the relative ease of isolating axonal material. Vertebrate studies are
limited by the experimental challenge of isolating axons without
somal and dendritic contamination. Using the microfluidic plat-
form, we isolated mammalian axonal mRNA from the axonal
compartment of 6 d in vitro neurons. The presence or absence of
specific mRNAs further validated that pure axon fractions can be
isolated to the axonal compartment (Fig. 3). Prior evidence
suggests that axonal RNA localization is developmentally regulated
and diminishes with maturation22. Therefore, we analyzed mRNA
isolated from developing axons (6 d in vitro). We isolated approxi-
mately 60 ng of axonal RNA from each chamber. RT-PCR analysis
revealed the presence of H1 histone (H1f0), calcium/calmodulin-
dependent protein kinase II a (Camk2a), b actin (Actb) and
synaptophysin (Syp) mRNAs within the somal compartment. In
contrast, axons contained b actin and synaptophysin mRNAs, but
did not contain H1 histone or calcium/calmodulin-dependent
protein kinase II a mRNA. The absence of H1 histone has
previously been used to ensure axonal homogeneity of RNA
material from axons of chick retinal explants separated from cell
bodies by a microknife26. We did not detect H1 histone mRNA,
even after as many as 65 rounds of PCR amplification. In addition,
we did not detected dendritically targeted calcium/calmodulin-
dependent protein kinase II a mRNA27, confirming that isolated
axons do not contain dendritic mRNA. Until now, there have been
no suitable methods to analyze for the presence of presynaptic

mRNAs. Notably, we provide the first evidence that mRNA coding
for the presynaptic vesicle protein, synaptophysin, is present within
developing axons.

CNS axonal injury and regeneration
The microfluidic platform can serve as an in vitro model for axonal
injury and regeneration within the CNS (Fig. 4a). Axotomy induces
rapid transcription of immediate early genes within lesioned
somata in vivo28. We used the microfluidic platform to measure
changes in somal transcription activity in response to selective
axotomy. Vacuum aspiration in the axonal compartment (axo-
tomy) was followed by collection of somal fraction. Changes in
mRNA expression of the immediate early gene FBJ murine osteo-
sarcoma viral oncogene homolog (Fos; also known as c-fos) were
analyzed using RT-PCR (Fig. 4b). Axotomy resulted in a B200%
increase in induction of c-fos mRNA expression within 15 min of
injury, which was further elevated to 320% within 2 h after lesion.
These data illustrate the effectiveness of the microfluidic culture
platform for analyzing gene expression changes owing to altering
axonal environments.

Next, we validated the use of this platform as a potential method
to screen candidate molecules for axonal regeneration. We inves-
tigated the influence of axonally localized neurotrophin treatment
on regeneration. Lesioned axons (6 d in vitro) were treated with a
combination of BDNF (2.4 nM) and NT-3 (6 nM) for 5 d. Controls
had an equivalent amount of medium without BDNF and NT-3
added to lesioned axons. Texas red fluorescent dextran (20 mM)
was also added to axonal compartments (including controls) to
verify axonal localization of neurotrophins. The isolated axons in
neurotrophin-treated chambers had a dramatic increase in axonal
branching and growth versus control-treated chambers, as assessed
by neurofilament immunofluorescence (Fig. 4c). In addition, the
neuronal growth cones had a marked increase in density in
response to BDNF and NT3 treatment.

DISCUSSION
The microfluidic culture platform provides a new method to direct,
isolate, lesion and biochemically analyze CNS axons. Soft litho-
graphy uses replica molding to fabricate devices, resulting in
reproducible experiments. Notably, we can modify the device
design to suit particular experimental applications. For example,
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Figure 2 | Axons are isolated without somata or dendrites. When barrier widths of 450 mm or more were

used, axons (red; tau) extended past the barrier at 14 d in vitro without detecting dendrites (green;

MAP2). Frames including the longest dendrites in each chamber were imaged. Dashed lines indicate the

barrier region.
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Figure 3 | RNA encoding the presynaptic vesicle protein synaptophysin is

localized to CNS axons at 6 d in vitro. RT-PCR analysis of the samples from

somal and axonal compartments demonstrate that b actin and synaptophysin

mRNAs are localized to axons. H1 histone and calcium/calmodulin-dependent

protein kinase II a mRNAs were not detected in isolated axons in chambers

with 450 mm barriers at 6 d in vitro.
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proximal or more distal axonal sites can be accessed by varying the
barrier length. Another advantage of the microfluidic platform is
that it uses hydrostatic pressure to fluidically isolate one side of the
chamber; this bypasses the need for external pumps that make
implementation more difficult and limit the number of experi-
ments that can be run in parallel. It is also possible to achieve fluidic
isolation in both compartments by incorporating constant flow
through each compartment.

This microfluidic culture platform provides a unique method to
investigate axonal mRNA in developing neurons without detectable
somal or dendritic contamination. Future work to characterize
cultures of differing maturity will be of interest, as localization of
RNA to axons may be developmentally regulated22. Recent evidence
suggests that BDNF-induced potentiation of neurotransmitter
release requires local axonal protein synthesis29. It is interesting
to speculate that the existence of axonal pools of synaptophysin
mRNA, which we detected using RT-PCR, may lead to local protein
synthesis of this synaptic vesicle protein and thereby mediate this
neurotransmitter release.

Spinal cord injury is a challenging field of study, in part because
simple and reproducible in vitro models do not exist. Instead,
researchers must perform time-consuming and technically
demanding studies in vivo that preclude the rapid, high-through-
put screening of compounds of interest. Here we demonstrated that
the microfluidic platform provides a method to model aspects of

CNS axonal injury and can be used to test soluble factors involved
in injury and regeneration30,31. Cocultures with other cell types,
such as oligodendrocytes or astrocytes will also help to investigate
mechanisms of axonal injury and regeneration32,33. Furthermore,
somata or axons can be independently exposed, providing an
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Figure 5 | Axons can be cocultured with other cell types such as

oligodendrocytes. Oligodendrocytes were added to the axonal compartment

of 7 d in vitro neurons. (a) Low-power confocal image demonstrates the

coculture of neurons (red, neurofilament) with oligodendrocytes (green,

myelin basic protein) in separate compartments for eight additional days. In

some cases, oligodendrocytes align themselves along axons (arrows) in a

pattern reminiscent of white matter tracts in vivo. Dashed lines indicate the

barrier region. Scale bar, 60 mm. (b) Higher-power views demonstrate the

association of oligodendrocyte processes (green) with neuronal axons (red).

Scale bars, 30 mm (left) and 10 mm (right). (c) A single confocal optical

Z-slice demonstrates myelin basic protein immunoreactive processes surround

an axon. Scale bar, 4 mm.

Figure 4 | Axotomy leads to rapid transcription

of immediate early genes and regeneration is

enhanced by axonal neurotrophin treatment.

(a) Axonal side prior to (left), immediately after

(middle) and 20 h after (right) axotomy. Arrows

indicate axonal regeneration. Scale bar, 50 mm.

(b) RNA was isolated from the somal compartment

of unlesioned cultures and cultures at 15 min and

2 h after axotomy (9 d in vitro). Semiquantitative

RT-PCR was performed for c-fos and GAPDH. PCR

products were visualized on a 1% agarose gel and

quantified. Error bars, s.e.m. (n ¼ 3; ANOVA,

P o 0.0015; Fischer’s PLSD P o 0.02). (c) Neuro-

trophins enhance axonal regeneration following a

lesion. Neurofilament immunofluorescence (red)

and f actin–labeled growth cones (green,

phalloidin), shown approximately 200 mm from

the edge of the barrier in the axonal side, reveal

extensive axonal arborization and increased

ingrowth after axonal BDNF and NT-3 treatment

(left), control (right). Data is representative of

four experiments. Scale bar, 25 mm.
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initial screen for new compounds and combinations that may
enhance CNS axonal regeneration. In vivo work demonstrated
that dorsal-column sensory axons regenerate beyond a lesion site
only with combined treatments of cAMP to the neuronal cell
bodies and NT-3 to lesioned axons34. With further refinement in
design, the microfluidic platform may assess such combinatorial
approaches in vitro.

The microfluidic platform provides a tool to study other
important areas of axonal biology that have previously proven
challenging. For example, studies of axonal transport require
establishing transport direction following fixation and tracing.
With the microfluidic platform, the embedded microgrooves define
transport direction (Supplementary Fig. 1 online). This aspect
greatly facilitates time-lapse imaging and quantification of
transport owing to the large numbers of axons that can be
examined in a given chamber. In addition, investigators can readily
assess the influence of localized axonal or somal microenviron-
ments on transport.

The microfluidic platform may also prove invaluable for various
coculture applications. For example, we cocultured oligodendro-
cytes in the axonal compartment to potentially investigate mecha-
nisms of axonal myelination and demyelination (Fig. 5). We also
cocultured neurons overexpressing APP (Tg2576) and wild-type
neurons in separate compartments (data not shown).

The ability to direct growth of neuronal processes and to control
the microenvironments of CNS axons offers the chance to over-
come several major limitations in the exploration of axonal biology.
The results presented here demonstrate a new platform that allows
the examination of multiple aspects of axonal biology, including
axonal RNA localization, injury and regeneration.

METHODS
Microfluidic culture platform fabrication. We fabricated the
chambers in PDMS using soft lithography and replica molding.
We used photolithography to pattern two layers of negative
photoresist, SU-8, on a silicon wafer, resulting in a master with
positive relief patterns of cell culture compartments and micro-
grooves23,24 (Supplementary Methods online). We cast and cured
a prepolymer mixture of Sylgard 184 (Dow Corning) against the
positive relief master to obtain a negative replica-molded piece.
After curing, we peeled the PDMS away from the master and
punched out reservoirs with a sharpened needle. We then sterilized
the PDMS pieces with 70% ethanol. We cleaned glass coverslips
(24 � 40 mm, No. 1, Corning Inc.) and immersed them in sterile
aqueous solution of 1.0 mg/ml poly(l-lysine) (PLL, M.W. 70,000–
150,000; Sigma) in borate buffer for 24 h before use. Sealing the
PDMS piece to a polylysine-coated glass coverslip by conformal
contact formed the enclosed channels (Fig. 1a). This type of
reversible contact resulted in both a water-tight seal during use
and the separation of the PDMS piece from the glass cell culture
surface after the experiment for immunostaining steps.

Cell preparation. In accordance with AAALAC guidelines, the
vivarium of the Gillespie Neuroscience Research Laboratories at
the University of California, Irvine, housed the rodents. We
prepared cortical and hippocampal dissociated neurons from
embryonic rat (E18) and mouse (E17) as described previously23,24.
We used approximately 3�106 cells/ml, yielding approximately
3,000 cells in the somal side of the chamber.

We isolated oligodendrocytes from postnatal rat pups (P1 or
P2) according to previous published procedures35. We mechani-
cally separated the cells by trituration through 18G and 22G
needles in cold minimal essential medium (MEM) with 40 mM
glucose and 15% fetal bovine serum, then cultured them in a PLL-
coated flask. After 10 d, the flask was shaken for 3 h at 250 r.p.m.
at 37 1C. We replaced the medium and re-equilibrated the flask in
a 5% CO2 incubator for 1 h. The flask was shaken overnight at
37 1C. We collected the oligodendrocytes by passing medium
through a 40-mm cell filter.

Isolation of soluble microenvironments. To isolate a soluble
microenvironment to the axonal compartment, we established
a volume difference of 30 ml between the two compartments
with the lesser volume being the axonal side (for molecules
greater than 500 Da). For molecules less than 200 Da, we used a
volume difference of 50 ml. This small hydrostatic pressure
difference resulted in a slow continuous flow through the high-
resistance microgrooves and fluidic isolation of the axonal com-
partment. We then added a soluble compound (1–2 ml) to the
axonal compartment. Continuous flow produced by the hydro-
static pressure difference prevented this soluble compound from
diffusing into the somal side. We maintained fluidic isolation for
more than one day by periodically adding or removing small
volumes of medium.

Testing of fluidic isolation. We tested fluidic isolation in triplicate
using chambers without cells, using both fluorescein isothiocya-
nate (FITC)-dextran (3 kDa) and radioactively labeled
[35S]methionine (131 Da). We fluidically isolated FITC-dextran
to the compartment containing the lesser volume (that is, axonal
compartment) to yield a final concentration of 0.2 mg/ml. After
more than 20 h, we analyzed 50 ml from each compartment using a
UV spectrophotometer and compared these data with varying
concentrations of FITC-dextran diluted in medium ranging from
200 p.p.m. to 0.02 p.p.m., and also with a background sample
containing medium only. To test fluidic isolation using radio-
actively labeled [35S]methionine, we added 350 ml of medium to
the somal side and then 300 ml to the axonal side. The chambers
sat for 10 min after pipetting to minimize potential convective
flow from filling chambers. We added concentrated [35S]methio-
nine to the axonal compartment, 0.5 ml in each well, resulting in a
final radioactivity of 33 mCi/ml. We gently added the [35S]methio-
nine to the axonal wells far from the entry into the chamber to
minimize flow disturbances. After 20 h, we removed the entire
volume of the axonal compartment by simultaneously pipetting
out the contents of both wells and then repeating the procedure
for the somal side with new pipette tips. We added 1 ml of each
volume removed from the compartments to the scintillation
cocktail and used a liquid scintillation counter to record counts
over 1 min.

Fixation and immunocytochemistry. We fixed cultures using 4%
paraformaldehyde for 30 min at room temperature. We washed
cultures twice with phosphate-buffered saline (PBS) for 5 min, and
then permeabilized them using PBS with 0.2% Triton X-100 for
30 min. To block nonspecific binding, we used PBS with 0.2%
Triton X-100 and 10% goat serum. We incubated the primary
antibodies in PBS with 0.2% Triton X-100 and 5% goat serum at
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4 1C overnight. We used the following dilutions of primary anti-
bodies: monoclonal MAP2 1:1000 (Sigma), polyclonal tau 1:500
(gift of L. Binder), neurofilament H 1:200 (Chemicon), Myelin
basic protein 1:750 (Sternberger). For MAP2 immunocytochem-
istry, we used previously developed procedures36. Briefly, we fixed
cultures for 20 min, washed them twice in PBS, and then
permeabilized them in PBS with 0.2% Triton X-100 for 5 min.
We blocked cultures in PBS with 10% BSA for 2 h at 37 1C. We
incubated monoclonal MAP2 in PBS with 1% BSA at 4 1C
overnight. We rinsed cultures 3� for 10 min, then incubated
them with secondary antibody (Alexa Fluor 488 or 568, 1:200;
Molecular Probes) in PBS for 1 h. For MBP and CNPase, we used
biotinylated mouse secondary antibodies at 1:150, and a streptavi-
din-conjugated fluorophore. We rinsed cultures 3� in PBS, 1� in
water, and then mounted them in fluoroMount G (Southern
Biotech). We fluorescently labeled filamentous actin using phalloi-
din (Molecular Probes). Control experiments with no primary
antibody showed no detectable labeling of neuronal cells or
processes (data not shown).

Confocal imaging. We captured confocal images on a Bio-Rad
Radiance 2100 using lambda-strobing to avoid nonspecific cross-
excitation or detection.

RNA isolation and RT-PCR. We isolated RNA using the RNaqu-
eous-Micro kit (Ambion) from both the axonal and somal side of
chambers. We isolated the axonal RNA by adding cell lysis solution
to the axonal side while continuously aspirating the somal side. To
isolate somal RNA, we removed the chamber, scrapped off the cells
within the well areas, and then added cell lysis solution to the re-
maining neurons. We performed RT-PCR on RNA from 6 d in vitro
cells and axons isolated from separate chambers to determine
presence of marker mRNAs (42 cycles; primers: H1 histone, 5¢-AC
CCATTGTTCAAGGACAGC-3¢ and 5¢-ATCAGGTCCCCCAACTT
ACC-3¢; calcium/calmodulin-dependent protein kinase II a,
5¢-GCCCGGGAGTATTACAGTGA-3¢ and 5¢-GGGTTGATGGTCA
GCATCTT-3¢; b actin, 5¢-AGCCATGTACGTAGCCATCC-3¢ and
5¢- CTCTCAGCTGTGGTGGTGAA-3¢; synaptophysin, 5¢-CAGTG
GGTCTTTGCCATCTT-3¢ and 5¢-ATCTTGGTAGTGCCCCCTTT-
3¢). We replicated axonal RT-PCR experiments using separate
cultures from different neuronal preparations. We performed
RT-PCR for both the immediate early gene c-fos and the house-
keeping control gene GAPDH (for normalization) within the same
multiplex PCR (40 cycles; primers: GAPDH, 5¢-TCCATGA
CAACTTTGGCATCGTGG-3¢ and 5¢- GTTGCTGTTGAAGTCA
CAGGAGAC-3¢; c-fos, 5¢- TCTTGTTTCCGGCATCATCT-3¢ and
5¢-GCTCCAGCTCTGTGACCAT-3¢). We optimized conditions to
produce yields for both the GAPDH and c-fos amplification
products within the same reaction, and detected them using the
Agilent bioanalyzer system and DNA-500 LabChips. We used
Stratview Software (SAS Institute Inc.) to calculate statistics using
analysis of variance (ANOVA) and Fischer’s PLSD.

Axotomy. We lesioned the axons with vacuum aspiration applied
to the axonal compartment for 5 s. Owing to high fluidic
resistance of the microgrooves, the aspiration did not disturb
the cell bodies in the somal compartment.

Note: Supplementary information is available on the Nature Methods website.
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