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Design of Suspended Melt Electrowritten Fiber Arrays for
Schwann Cell Migration and Neurite Outgrowth

Andrei Hrynevich, Pascal Achenbach, Tomasz Jungst, Gary A. Brook,*
and Paul D. Dalton*

In this study, well-defined, 3D arrays of air-suspended melt electrowritten
fibers are made from medical grade poly(ɛ-caprolactone) (PCL). Low
processing temperatures, lower voltages, lower ambient temperature,
increased collector distance, and high collector speeds all aid to direct-write
suspended fibers that can span gaps of several millimeters between support
structures. Such processing parameters are quantitatively determined using a
“wedge-design” melt electrowritten test frame to identify the conditions that
increase the suspension probability of long-distance fibers. All the measured
parameters impact the probability that a fiber is suspended over
multimillimeter distances. The height of the suspended fibers can be
controlled by a concurrently fabricated fiber wall and the 3D suspended PCL
fiber arrays investigated with early post-natal mouse dorsal root ganglion
explants. The resulting Schwann cell and neurite outgrowth extends
substantial distances by 21 d, following the orientation of the suspended
fibers and the supporting walls, often generating circular whorls of high
density Schwann cells between the suspended fibers. This research provides a
design perspective and the fundamental parametric basis for suspending
individual melt electrowritten fibers into a form that facilitates cell culture.

1. Introduction

Melt electrowriting (MEW) uses an electrohydrodynamic phe-
nomenon that sustains a fluid column without Plateau-
Raleigh instabilities at low flow rates,[1,2] resulting in fibers
as small as 820 nm in diameter.[3] With MEW, the nozzle is
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raised above a moving collector as a thin
molten fluid column, or jet, rapidly cools
on the collector into a defined fiber. When
layered repeatedly[4] a highly porous scaf-
fold can be fabricated that is readily pene-
trated by cells and therefore has utility in
biomedical applications. Detailed reviews
on the MEW technology can be found
elsewhere.[5,6]

To date, MEW scaffolds have been pri-
marily made with a “box-pore” morphol-
ogy, due to simple programming. On closer
inspection for certain scaffold morpholo-
gies, there are several instances where sus-
pended fibers spontaneously occur within
these scaffolds. For instance, when small
pores are targeted,[7] less repeated print-
ing paths are used,[8] or higher-order print-
ing pathways are developed (i.e., octago-
nal or dodecagonal patterns)[9] the phe-
nomenon of suspended fibers can be
seen within scaffolds. Such suspended
fibers over such small lengths have also
been described as “jumping” or “bridg-
ing” fibers and are considered a defect
in the pursuit of well-formed scaffolds.[5]

Suspended fibers, i.e., those that span across an air gap, have
also long been observed in solution electrospinning,[10] and
some studies used this phenomenon to transfer orientated fibers
to other substrates for guided cell growth studies.[11] Due to the
nature of electrical instabilities in solution electrospinning,[12]
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Figure 1. Establishment of the suspended fiber test frame. A) Rendering of the MEW jet that is direct-written across concurrently fabricated walls to
create suspended fibers. B) Inset showing the rendering of the suspended fiber test frame that is shown from above in (C), where a spectrum of different
spanning gaps is provided, shown in the area marked red. A maximum total fiber suspension length (TSL) of 418 mm is possible. D) Photograph
showing how the suspended fibers are visually checked on the stereomicroscope, to calculate the TSL. White and red arrows indicate fibers that succeed
and fail to suspend across the gap, respectively. Yellow arrows indicate the MEW-fiber wall that is used to create the spanning gap. E) SEM image of a
suspended fiber (white arrows) between a gap while the inset (F) shows a magnified image of the fiber/wall crossover point. G) A graph showing the
TSL as a function of set temperature for the polymer while (H) is a further breakdown of the various spanning gaps that each condition in (G) was able
to achieve.

however, such fibers are difficult to directly place in discrete loca-
tions without them crossing over each other. Recently, different
parametric conditions such as low-voltage direct writing with
polymer solutions have been used to discretely place fibers that
span gaps for pressure sensor applications.[13] There are other
instances with metallic colloids and melts in which direct-writing
can span large air gaps[14] where the rapid solidification of an ink
allows self-supporting structures to be made. Suspended fibers
(Figure 1A) are therefore an interesting design capability for
MEW, that has not yet been fully investigated. The 3D control of
the pattern of populations of suspended, orientated fibers opens
potential future applications in the reconstruction of highly
organized, anisotropic structures after traumatic injury, such as
nerves of the peripheral nervous system (PNS). A pilot investi-
gation of the ability of the MEW generated scaffold to influence
neural cell migration and neurite outgrowth was therefore per-
formed using early post-natal mouse dorsal root ganglia (DRG)
explants.

1.1. Effect of Polymer Melt Temperature on Fiber Suspension

PCL was measured to have a melting point of 58.4 °C (Figure
S1, Supporting Information). A test frame (Figure 1B,C) con-

sisting of MEW fiber walls was designed so that a spectrum of
different gaps for suspended fibers could be tested under differ-
ent processing conditions. Through visual inspection of each re-
gion (Figure 1D), either successful (white arrow) or failed (red
arrow) suspension between fiber walls (yellow arrow) was deter-
mined, with a challenging cumulative maximum possible total
suspension length (TSL) of 418 mm. The TSL was calculated as a
sum of all suspended fiber segments within the wedges (marked
red, Figure 1C). Figure 1E shows a scanning electron microscope
(SEM) image of a successfully suspended fiber, with Figure 1F
showing a magnified image where the suspended fiber and wall
intersect.

The polymer melt temperature was found to greatly influence
the ability to suspend fibers between the supporting walls (Fig-
ure 1G). At temperatures greater than 90 °C almost no suspended
fibers are found on a test sample, and the lowest heating temper-
ature of 75 °C resulted in a cumulative total of 176 ± 14 mm (Fig-
ure 1G; blue arrow) of suspended fibers out of a possible 418 mm
TSL. Figure 1H depicts this effect based on the various spanning
gaps and since fiber spanning is a measure of polymer solidifi-
cation rate, it is expected that the lowest polymer temperatures
would improve fiber suspension. The flow rate to the nozzle also
increases with the polymer temperature, due to the lower melt
viscosity.
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Figure 2. Quantitative outcomes of various fibers suspended under different conditions. A) Graph showing the effect of collector speed on the total
suspension length (TSL) with further breakdown of each gap shown in (B). C) Graph showing the effect of collector distance on the TSL and critical
translation speed (CTS) with further breakdown of each gap shown in (D). E) Graph showing the effect of applied voltage on the TSL with further
breakdown of each gap shown in (F). G) Graph showing the effect of ambient temperature on the TSL with further breakdown of each gap shown in
(H). I) Graph of the effect of MEW wall fiber height on the fiber suspension probability. J) SEM image how the top fiber (false-colored green) fixes the
suspended fiber into position while (K) shows a wider view of suspended fibers.

1.2. Effect of Collector Speed on Fiber Suspension

As can be seen in Figure 2A,B, the collector speed has an impor-
tant influence on the ability to suspend fibers. When the collector
moved at speeds slower than 3000 mm min−1, only occasional
suspended fibers were observed, whereas at 6000 mm min−1

fibers on the shorter distances of the test frame were suspended.
The fiber suspension probability across a larger spanned gap,
however, was greatest at 9000 mm min−1. As previously reported,
faster collector speeds result in more elongated MEW jets[15] and

these would be expected to cool more rapidly, contributing to
more suspended fiber generation.

In this study, the collector speed is the only variable which does
not have a direct influence on jet stability[15] and is limited by the
maximal stage speed and acceleration which has a strong effect
on fiber diameter. As previously reported,[16] the original diame-
ter of the fiber d after switching from speed S1 to S2 changes to
D = d

√
S1∕S2. Under the current conditions, this corresponds

to a fiber diameter of ≈2–3 µm for the suspended fiber. If a spe-
cific fiber thickness is required, pressure adjustment (along with
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other parameters) could become necessary, which will in its turn
also affect the ability to generate suspended fibers. Further in-
formation on the impact of applied pressure is provided in the
Figures S2 and S3 in the Supporting Information.

1.3. Effect of Collector Distance and Voltage on Fiber Suspension

Similar to how the jet cooling rate affected previous parameters,
increasing the collector distance improved the fiber suspension
(Figure 2C,D). Here, two variables are altered: the reduced elec-
trostatic forces (correlated in Figure 2E) and a longer jet path
that allows more cooling. Nevertheless, the application of an in-
creased collector distance for suspended fiber printing should be
considered with caution. Due to the preferred lower electric fields
for fiber suspension, a dynamic voltage approach[4] is required to
maintain the electrical field without fiber pulsing.

With a decreasing applied voltage, forces acting on the charged
polymer in the jet are expected to decrease. Consequently, the jet
speed, estimated by the critical translation speed (CTS),[17] de-
creases and the TSL increases significantly with each 0.5 kV re-
duction of the applied voltage (Figure 2E,F). In this context, the
jet lag would also increase[18] and similarly lead to more cooling
of the jet before deposition on the collector. For both collector dis-
tance and applied voltage adjustment, there are limits due to the
result of fiber pulsing, a MEW-specific manufacturing defect that
can predominate at lower electric fields.[15]

1.4. Effect of Ambient Temperature on Fiber Suspension

While the printers used here do not have climate control, mea-
surements were performed based on three different laboratory
temperatures. Relatively small changes in the ambient air tem-
perature had a substantial impact on fiber suspension: only a 4 °C
increase (from 19.7 to 23.7 °C) resulted in a 50% reduction in the
TSL (Figure 2G,H). Therefore, improved control of the ambient
environment is required for more reliable experimental results
and lower temperatures provide a potential opportunity to im-
prove fiber suspension. While humidity was kept within a certain
range (25–40% r.h.), a previous study shows that such small dif-
ferences at room temperature do not have a substantial impact
on MEW.[19]

1.5. Effect of Wall Height on Fiber Suspension

The height of the MEW fiber wall affects the probability of fiber
suspension, which correlates with out-of-plane experiments pre-
viously reported.[20] Since the test frame is designed to aggregate
a specific measure (i.e., whether a spanning fiber is fully sus-
pended or not), a lower profile fiber wall from which to perform
suspension is expected to reduce that probability (Figure 2I). It
was found that six-layer walls (corresponding to ≈80 µm height)
could reliably suspend fibers only below gap widths of 1 mm,
which should be taken into account for the following suspended
fiber array designs.

Test frames also required immediate measuring after printing,
as mechanical relaxation of the suspended fibers can occur (Fig-
ure S4, Supporting Information). Using optimized conditions in-
vestigated here, coupled with the addition of a supplementary

MEW fiber to anchor the wall (Figure 2J), the production of well-
suspended fiber arrays could be achieved (Figure 2K).

1.6. Controlling the Height and Position of Suspended Fibers

Based on the limits and parameters that affect the suspension of
fibers using the test frame, more complex designs can be devel-
oped. To generate a true 3D orientated fiber construct, the num-
ber of fibers within the wall could be used to control the fiber
suspension height. Figure 3A shows a SEM image of a suspended
fiber array where one fiber is placed directly above another, at ei-
ther 80 and 240 µm or 160 and 320 µm above the collector. The
suspended fibers are “embedded” in the fiber wall with the ad-
ditional layers, including the top suspended fiber that is fixed in
position with a final MEW fiber (false-colored green).

Suspended fibers could also be direct-written at an angle with
respect to the fiber wall. Figure 3B shows how 16 suspended
fibers intersect the wall at 45°, four fibers (≈50 µm) above each
other with minimal defects. Notably, it is the control of the fiber
position in the X–Y plane that is the most inaccurate, highlighted
in Figure 3C with a red dotted line approximating the z-axis and
slight offsets at the suspended fiber/wall intersection point. Fur-
thermore, the intersection of the suspended fibers also has slight
X–Y plane offsets, shown in Figure 3D–F. This variance is likely
due to errors caused by electrostatic interactions,[21] or accelera-
tion of the jet from a nonideal location at the turning point.[15]

A “step-ladder” design approach for aligned suspended fibers
was used for in vitro experiments, so that both the Z-position
and the lateral position were shifted for each suspended fiber,
shown in Figure 3G and highlighted in Figure 3H. When these
fiber arrays are fabricated without an external structural support,
however, they contract and the resolution and positioning of the
suspended fibers is lost (Figure 3I and Figure S5, Supporting In-
formation). To improve the design for handling such scaffolds
during frequent media changes, fixation and immunocytochem-
ical staining, an additional external ring was also incorporated.
This third component (after the fiber wall and suspended fibers)
of the suspended fiber arrays is also made using MEW, but with
a direct writing speed below the CTS. This reinforced the en-
tire construct, and the final design for cell culture is schemati-
cally represented in Figure 4A, with step-ladder suspended fibers
shown in Figure 4B,C.

1.7. Schwann Cell Migration from Explanted Dorsal Root Ganglia

Immediately after positioning on to the MEW scaffolds, the DRG
showed a clear rounded appearance (data not shown). Samples
processed for S100 peroxidase immunocytochemistry after 21
days in vitro (DIV) demonstrated the resulting pattern of the
DRG explant-derived Schwann cell spreading. Large sheets of
cells could be seen extending or migrating across the scaffold
following the trajectory of the supporting walls for several mil-
limeters (Figure 4D,E; white arrows) as well as that of the sus-
pended fibers for distances of ≈1 mm (Figure 4D; black arrows).
The cell–cell adhesion between Schwann cells migrating along
the suspended PCL fibers, as well as along the supporting walls,
resulted in the appearance of whorls of migrating cells, forming
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Figure 3. SEM images of suspended fibers. A) showing how the z-axis position of the suspended fiber can be controlled through the wall height (6, 12,
18, and 24 fiber layers corresponding to 80, 160, 240, and 320 µm respectively), while an additional MEW fiber on the wall (false-colored green) locks
the upper suspended fiber into place. B) Suspended fibers intersecting the fiber wall at 45°. C) Top view of suspended fiber and wall intersection points,
showing small X–Y positioning errors occur (z-axis approximately indicated with red dashed line). D) A suspended fiber array with 16 fiber crossover
points, shown in E) magnification of the suspended fiber crossover and F) from above. G) Example of the “step-ladder” fiber design developed for the in
vitro research, also shown in(H) from above. (I) shows how without an additional mechanical support (implemented by printing a ring support), such
suspended fiber arrays can collapse and lose their structure.

ovoid-shaped holes or pores (Figure 4E; asterisks). Higher magni-
fication demonstrated the bipolar, spindle-shaped morphology of
individual migrating Schwann cells that followed the orientation
dictated by their adhesion to the suspended PCL fibers, or even
as they spanned gaps of 200 µm or more between the adjacent
arrays of fibers (Figure 4F; white arrow).

1.8. Neurite Outgrowth from Explanted Dorsal Root Ganglia

Samples processed for combined NF200 and ß III-tubulin im-
munocytochemistry after 21 DIV demonstrated the growth pat-
tern of the DRG-derived neurites. The intensely stained neurites
extended as small fascicles or individual fibers from the neurons
clustered within the ganglion. Similar to the migratory behavior
of the Schwann cells, the DRG-derived neurites adopted trajec-
tories that followed the orientation of the supporting walls (Fig-

ure 4G,H; white arrows) as well as that of the suspended fibers
(Figure 4I,J; black arrows). The neurites growing in close asso-
ciation with suspended fibers displayed simple growth cone-like
tips (Figure 4J; black arrows). Although many neurites that grew
across the gaps between adjacent suspended fibers adopted the
orientation of those fibers once contact had been established, sur-
prisingly many others appeared to by-pass completely the sus-
pended fibers and continue their direction of growth that was
largely orthogonal to that of the suspended fibers (Figure 4I; black
arrows). This pattern of neurite extension appeared to readily
bridge the gaps or pores between adjacent fibers.

The interconnectivity of the scaffold supported the attach-
ment and migration of cells, the extension of processes and
nutrient/waste exchange. The finely engineered topographical
features (e.g., the surface curvature and alignment of micro-
and nanofibers) are known features of neural tissue engineering
scaffolds that exert profound effects on adherent cell form and
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Figure 4. Suspended fiber arrays after 21 DIV with dorsal root ganglion (DRG) explants. A) Rendering of the reinforced suspended array frame and B)
SEM image of the extended “step-ladder” design previously shown in Figure 3G and H) at higher magnification. D–F) Low and mid-power magnification
of S100-immunoreactive Schwann cell migration that results in the formation of sheets of cells that follow the trajectory of the supporting walls (white
arrows) as well as that of the suspended fibers (black arrows) of the scaffold. The profile of the explanted DRG is indicated by the white circle. F) A
single spindle-shaped, bipolar Schwann cell with a small ovoid cell body can be seen spanning gaps (e.g., 200 µm) between suspended PCL fibers
(white arrow). G–J) Low power microscopy of the florid pattern of ß-III tubulin/NF200-positive neurite extension from an explanted DRG. Multiple
small fascicles of neurites (white arrows) can be seen following the general orientation of the supporting walls and by-passing many of the orthogonally
positioned suspended fibers. I) Many loosely scattered neurites (black arrows) can be seen by-passing the suspended fibers. J) Individual neurite (black
arrows) closely following the orientation of a single, suspended fiber with an approximate diameter of 3 µm.

function including process extension and cell migration.[11,22–26]

Earlier in vitro studies in which multiple arrays of orientated
electrospun PCL nanofibers were suspended in a 3D fibrin hy-
drogel revealed a tendency for embedded Schwann cells to align
along the topographical cues provided by the non-functionalized
fibers rather than migrating through the fibrin hydrogel.[27]

Fabrication of hollow nerve guides containing orientated PCL
nanofibers in a gelatin hydrogel intraluminal filler was used
to investigate functional tissue repair following 15 mm re-
section injuries of the adult rat sciatic nerve. Although the
fiber/hydrogel-containing implant promoted better anatomical
and functional tissue repair than empty conduits, the 3D pattern
of orientated nanofibers was somewhat unstable within the
gelatin hydrogel and the performance of the implant was still
inferior to that of the autograft.[28] Other recent developments

in PNS tissue engineering and regenerative medicine have also
focused on the generation of scaffolds that reproduce essential
aspects of physical/structural guidance cues within implantable
hollow conduits.[29,30] The present study describes the control of
key parameters that are required for MEW fabrication of robust
3D scaffolds with suspended, orientated fibers of well-defined
spacing, as well and a preliminary indication of how DRG neu-
rons and Schwann cells respond to such scaffolds. A number of
research groups have been investigating suspended fiber arrays
using solution jet writing, with suspended fibers between the
pillars of 3D electrodes.[31,32] Solution-based jetting techniques
have traditionally proved challenging for the control of fiber
placement and rapid solidification through solvent evaporation.
However, such arrays were fabricated with variable spacing
between fibers and some degree of over-lapping of fibers.[33,34]
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The whorls of Schwann cells seen in this study support ob-
servations in other MEW studies and have even been mathe-
matically modeled.[35] Previous scaffolds supported human bone
marrow-derived mesenchymal stem cell (BMSC) adhesion and
cell whorls formed that outlined the 250 µm pores of the scaf-
fold. Such circular patterns of growth were subsequently con-
firmed by Xie and colleagues who, using scaffolds with finely
controlled fiber diameters, reported circular patterns of BMSC
growth within pores surrounded by thick X–Y fibers, a ran-
dom pattern of growth throughout pores surrounded by thin X-
Y fibers, and an orientated pattern of growth within pores sur-
rounded by thick (X) and thin (Y) fibers. Furthermore, cell pro-
liferation was reported to be greater in small pores than in large
pores.[36] Other studies on similar scaffolds have also revealed
that cell alignment occurs preferentially along the long axis of
oblong shaped pores,[37] and that pore size and suspended fiber
sagging influence cell growth.[38]

In the present study, 3D suspended fiber scaffolds were shown
to support the growth and migration S100-positive Schwann cells
from DRG explants over substantial distances, this growth fol-
lowing the orientation of the suspended fibers as well as that of
the perpendicularly positioned supporting walls. The resulting
pattern of growth generated whorls of cells that strongly resem-
bled that of BMSC cell suspensions seeded onto suspended PCL
fibers.[36] The accompanying pattern of ß-III tubulin/NF200-
positive neurite outgrowth from the DRG explants was, to some
extent, similar in that substantial growth of neurites could be
seen extending from the explant and following the general di-
rection dictated by the orientation of the supporting walls. The
patterns of neurite outgrowth in these regions was most likely in-
fluenced by the large numbers of Schwann cells occupying this
position and trajectory. Here, the neurites could be seen either
completely by-passing the near-by suspended fibers or modifying
their direction to adopt that of the suspended fibers. This pattern
of neurite outgrowth supports the well-established influence of
Schwann cell surface and extracellular matrix proteins on the di-
rection of neurite outgrowth.[39]

In conclusion, this study used a test frame to identify the ideal
parametric conditions for suspending PCL fibers using MEW.
Low melt temperatures, high collector speeds, lower voltages,
and cooler ambient temperatures all aided in the generation
of well-suspended fibers spanning across multi-millimeter dis-
tances. The z-position of the fibers was controlled by a simul-
taneous printing of the suspended fibers and supporting wall. A
surrounding ring mechanically supported the frames so that they
could withstand repeated media and fluid changes for cell culture
as well as the subsequent processing for peroxidase immunocy-
tochemistry. The placing of DRG onto the suspended arrays and
the subsequent Schwann cell migration and neurite outgrowth
could be readily visualized by simple light microscopy.

2. Experimental Section
Materials: PCL was sourced from Corbion Inc. (Gorinchem, Nether-

lands, PURASORB PC 12, Lot# 1412000249, 03/2015) and used as re-
ceived.

MEW Printer: Suspended fibers were manufactured on a custom-built
MEW device, described in detail elsewhere[15] and in the Supporting In-
formation. Briefly, a 22-gauge nozzle was screwed into a 3 mL syringe and

the polymer temperature/pressure inside the syringe was digitally regu-
lated by two separate heating elements and an air pressure system. The
nozzle protruded for ≈0.5 mm out from the head, and the collector was
a stainless-steel sheet. The heating temperature indicated, if not specified
otherwise, is the one set by the controller, and differs from the actual tem-
perature of the melt exiting the nozzle, discussed further in the Supporting
Information.

Test Frame Suspended Fiber Collection: A test frame for the investiga-
tion of parameters for suspended fibers is shown in Figure 1C and was
entirely printed via MEW. The frame contains eight “wedges” with base
lengths ranging from 2–9 mm in 1 mm increments. The frame height was
achieved by stacking the same pattern six times. In order to minimize its
variation, unified process parameters during frame printing were used.
Therefore, the frame printing speed had to be slightly adjusted to main-
tain the same fiber diameter between different prints, to achieve a constant
frame height. For the frame walls, an average fiber diameter of 13.6 µm was
targeted and standard parameters include Tp = 75 °C, S = 800 mm min−1,
G = 6 mm, – 1.5 kV collector voltage, and +5 kV nozzle voltage. Under
that conditions wall height was ≈82 µm for the six-fiber wall. A total of 30
fibers were direct-written over the gaps provided by the frame. During a
single print, three frames with suspended fibers were printed sequentially,
with a CTS check in between for process stability validation.

Suspended Fiber Length Calculation: Using a stereomicroscope (Dis-
covery V20, Carl Zeiss Microscopy GmbH, Germany), the total length of
suspended fiber over the sample was measured. The regions marked red
in the Figure 1C where the fibers that did not touch the collector surface
were cumulated. Further details on the suspended fiber length calculation
can be found in the Supporting Information.

Fiber Diameter Measurement: The diameters of suspended fibers were
measured with a scanning electron microscope (Zeiss CB 340, Carl Zeiss
Microscopy GmbH, Göttingen, Germany). Ten fiber diameters were mea-
sured per sample, with five measurement points for each fiber.

CTS Measurement: For the CTS measurement parallel arrays of fibers
were printed with the collector speed increasing by 10 mm min−1 every
second line. Minimal speed, at which both fibers were straight was con-
sidered as CTS.

Neural Cell-Substrate Interactions Using Explanted Dorsal Root Ganglia:
All experimental procedures were in accordance with legal regulations dis-
cussed further in the Supporting Information. DRG were removed from
12 C57BL/6N mouse pups (postnatal day 5–7, Charles River Laboratories,
Sulzfeld, Germany) and placed into sterile, cooled (4 °C) Hanks balanced
salt solution (HBSS, Life Technologies, Germany) containing 6.2 mg mL−1

glucose.
Scaffolds were sterilized (70% ethanol, 30 min) followed by 2 × 5 min

washes in HBSS and precoated with poly-l-lysine (PLL, Merck, Germany,
100 µg mL−1 in sterile MilliQ water, 30 min), washed again in sterile MilliQ
water, and finally incubated in laminin (Merck, 10 µg mL−1 in HBSS, 1 h).
The PLL/laminin coated PCL scaffolds were then placed into 24-well tis-
sue culture plates containing Dulbecco’s Modified Eagle’s Medium with
Glutamax (1:100), 10% fetal calf serum and antibiotic/antimycotic so-
lution (penicillin/streptomycin/fungizone, diluted 1:100, Thermofischer,
Germany). DRG explants were then carefully placed onto the scaffold and
placed into a humidified incubator (37 °C, 5% CO2) for 3 h to allow adhe-
sion. A sterile plastic ring held the scaffold in place and an extra volume of
1.0 mL medium added. After 21 DIV, samples were washed for 2 × 5 min in
HBSS, then fixed by immersion in cold 4% paraformaldehyde (AppliChem,
Germany) for 30 min.

Immunocytochemistry: After fixation, samples underwent immuno-
cytochemistry as described in detail in the Supporting Information.
DRG explant-derived Schwann cells were identified using polyclonal anti-
S100ß (1:2000, DAKO Products, Germany), and explant-derived neurites
were identified with a combination of monoclonal antibodies: mouse
anti-phosphorylated neurofilament 200 kDa (1:2000, Sigma-Aldrich) and
mouse anti-ß III tubulin (1:1000, Sigma-Aldrich, Germany). Samples were
visualized by placing them in a custom-made well filled with an 8:1
glycerol/phosphate-buffered saline mixture and topped with a coverslip.
Images were taken using a Zeiss Axioplan microscope coupled to a digital
camera (Zeiss Axiocam) and Axiovision software.
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Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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