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Motor neuron degeneration is the predominant pathological feature of spinal muscular atrophy (SMA). In
patients with severe forms of the disease, additional sensory abnormalities have been reported. However,
it is not clear whether the loss of sensory neurons is a common feature in severe forms of the disease,
how many neurons are lost and how loss of sensory neurons compares with motor neuron degeneration.
We have analysed dorsal root ganglionic sensory neurons in Smn2/2;SMN2 mice, a model of type I SMA.
In contrast to lumbar motor neurons, no loss of sensory neurons in the L5 dorsal root ganglia is found at
post-natal days 3–5 when these mice are severely paralyzed and die from motor defects. Survival of cultured
sensory neurons in the presence of NGF and other neurotrophic factors is not reduced in comparison to wild-
type controls. However, isolated sensory neurons have shorter neurites and smaller growth cones, and
b-actin protein and b-actin mRNA are reduced in sensory neurite terminals. In footpads of Smn-deficient
mouse embryos, sensory nerve terminals are smaller, suggesting that Smn deficiency reduces neurite out-
growth during embryogenesis. These data indicate that pathological alterations in severe forms of SMA
are not restricted to motor neurons, but the defects in the sensory neurons are milder than those in the
motor neurons.

INTRODUCTION

Autosomal recessive spinal muscular atrophy (SMA) is caused
by the loss of the telomeric copy of the survival of motor
neuron gene (SMN1) on human chromosome 5q13 (1).
Despite the widespread expression of SMN in various
tissues and neuronal cell types, motor neurons are predomi-
nantly affected, and motor neuron degeneration is the
leading pathological alteration in this disease (2). The severity
of the SMA phenotype is modified by the number of centro-
meric SMN2 copies (3–5). In the most severe form of the
disease (type I SMA) according to Munsat and Davies (6)
and Roberts et al. (7), sensory defects have also been observed
(8). In particular in type I SMA patients, reduced nerve con-
duction velocity has been recorded from mixed and sensory
nerves (9), and severely affected SMA type I patients with
congenital muscular hypotonia which progressed to early
death showed inexcitability of sensory nerves (10). More

detailed analysis of sensory nerves from seven type I SMA
patients revealed axonal degeneration in sural nerves (11). In
type I SMA patients, many empty myelin sheaths and atrophic
axons in the sensory nerves correlated with typical signs of
sensory axonopathy in electrophysiological analyses. Interest-
ingly, SMA II and SMA III patients did not show sensory
nerve pathology.

On the basis of these findings, we analysed the loss of
sensory neurons in the L5 dorsal root ganglia (DRGs) of
post-natal Smn2/2;SMN2 mice. These mice serve as a
model for human type I SMA (12). We investigated dorsal
root sensory neurons at different developmental periods. E14
was chosen to investigate defects in neurite outgrowth at a
stage when sensory nerve fibres normally reach their target,
the skin. Survival of sensory neurons was investigated at
post-natal days 3–5, when the developmental period of phys-
iological cell death is over and neuronal losses due to patho-
logical processes become apparent. We also investigated
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survival, neurite growth and growth cone morphology in cul-
tured sensory neurons from E14 mouse embryos. Isolated
sensory neurons from such embryos need trophic support to
survive in cell culture, and neurite growth resembles initial
fibre outgrowth and not a regenerative response resembling
that of adult neurons after axotomy.

The number of cell bodies in the L5 dorsal root ganglia
(DRGs) of Smn2/2; SMN2 mice is not reduced at post-
natal day 5, when these mice are severely paralyzed due to
defects in motor neurons. The sensory nerve endings in the
skin of 14-day-old Smn2/2;SMN2 embryos appear smaller
in comparison to controls. In isolated sensory neurons,
b-actin mRNA and protein are reduced in distal neurites and
growth cones. Growth cones of Smn-deficient cultured
sensory neurons are smaller and their neurites are shorter.
These findings suggest that sensory neurons are also affected
by Smn deficiency, but the pathological changes are more dis-
crete than those in motor neurons.

RESULTS

Quantification of neurons in L5 DRGs

Previous studies have shown that the number of spinal motor
neurons is reduced in various models of SMA (12–15). Three-
to-five-day-old Smn2/2;SMN2 mice that serve as a model for
type I SMA exhibit a 17% loss of motor neurons in the lumbar
spinal cord (12). At that stage, these mice are severely paral-
yzed, and they normally do not survive longer than 5–7 days
after birth. To investigate whether sensory neurons are also
affected by the disease, we counted the number of neurons
in L5 DRGs from Smn2/2;SMN2 mice. Smn2/2;SMN2
mice and age-matched controls were perfused at post-natal
days 1, 3 and 5. The spinal cord together with the DRGs
was dissected, and 15 mm paraffin serial sections were
prepared and Nissl stained. We counted the nuclei of neuronal
cell bodies in every 10th section of the L5 DRGs (Fig. 1A). No
significant difference was observed between Smn2/2;SMN2
and control DRGs (Fig. 1B) at any stage, even at post-natal
day 5 when the mice are severely paralyzed, indicating that
survival of sensory neurons in Smn2/2;SMN2 mice is not
reduced when the motor neuron loss becomes apparent in
this disease.

Neurite growth is reduced in Smn-deficient sensory
neurons

We then investigated whether reduced Smn levels influence
neurite growth in sensory neurons at E14. Previous studies
with isolated motor neurons from Smn2/2;SMN2 mice (16)
and a zebrafish model (17) in which Smn was repressed by
Morpholino knockdown have shown that Smn deficiency
leads to defects in neurite outgrowth in motor neurons.
Lumbar DRGs contain various types of neurons, including
proprioceptive, fast- and slow-conducting sensory neurons.
These subpopulations differ in their response to different neu-
rotrophic factors (NFs). NT-3 predominantly supports survival
of proprioceptive neurons (18,19), whereas BDNF acts on
neurons which are responsive to tactile stimuli (20,21).
Nerve growth factor (NGF) predominantly supports small

pain-conducting neurons (21), and GDNF acts more broadly
on these different subtypes of neurons (19,22). Therefore, to
investigate whether Smn deficiency differentially affects
these subpopulations, NGF, GDNF, BDNF and NT-3 were
separately added at a concentration of 10 ng/ml each as survi-
val factors to the sensory neuronal cultures. In a first attempt,
we investigated whether NGF, NT-3, BDNF and GDNF
responsiveness is altered in Smn2/2;SMN2 sensory
neurons. Survival of DRG neurons did not differ in the pre-
sence of these different NFs (Fig. 2A and B). Without NFs,
neurite outgrowth is normally very low (Fig. 2C), and there
was no difference between neurite-bearing cells in mutants
and controls (data not shown). We then investigated the size

Figure 1. Quantification of neuronal cell bodies in L5 DRGs of Smn2/
2;SMN2 and Smnþ/þ;SMN2 mice. Cell numbers were counted at post-
natal days 1, 3 and 5 in sectioned L5 DRGs from Smn2/2;SMN2 mice and
age-matched controls (A). Neurons were counted in every 10th section. The
counts are depicted as bar charts (B). No difference in cell number was
observed between Smn2/2;SMN2 (P1 n ¼ 3; P3–5 n ¼ 4; black) and con-
trols (P1 n ¼ 3; P3–5 n ¼ 4; grey). Data represent mean+ SD.
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of cell bodies in these different groups. Although the subpopu-
lations of NT-3 responsive neurons showed larger cell bodies
(Fig. 2D and F) both in mutant and in control cultures, no differ-
ences were observed between control and Smn2/2;SMN2
sensory neurons.

To investigate neurite outgrowth, the cells were fixed with
4% paraformaldehyde (PFA) and immunostained with anti-
bodies against phosphorylated Tau protein (red) and MAP-2
(green) after 24 h in culture (data not shown). The neuronal
processes of Smn-deficient cells were slightly but significantly
shorter when compared with wild-type controls (Fig. 2I). No

significant difference was observed with respect to the survival
factor added to these cultures. More than 200 cells in three
independent experiments were measured and the reduction
was significant (P , 0.05) for each group, as shown in
Figure 2I. To investigate whether longer culture periods lead
to normalization of neurite outgrowth, Smn2/2;SMN2
sensory neurons were cultured with NGF for 48 h. The differ-
ence in neurite length between mutant and control cultures
persisted, indicating that the effect of Smn deficiency cannot
be explained by a delay of neurite growth that is compensated
within 48 h.

Subcellular distribution of Smn, hnRNP-R and b-actin
in cultured sensory and motor neurons

To investigate and compare the distribution of Smn, hnRNP-R
and b-actin protein in sensory and motor neurons, both types
of neurons were prepared from E14 embryos and taken into
culture. Sensory neurons were plated on Laminin-111 (accord-
ing to (23)) and cultured in the presence of 10 ng/ml NGF for
24 h. Motor neurons were grown on the same substrate for 7
days in the presence of BDNF and CNTF (10 ng/ml each).
After fixation, sensory and motor neurons were stained with
antibodies against Smn, b-actin and hnRNP-R, respectively.
Staining against hnRNP-R was combined with antibodies
against b-actin (Fig. 3A, E and I) and Smn (Fig. 3C, G and
K) in motor and sensory neurons (Fig. 3B, F and J and D, H
and L). The accumulation of hnRNP-R, Smn and b-actin in
the distal part of motor axons was more pronounced in wild-
type motor neurons than in wild-type sensory neurons
(Fig. 3I and J and K and L, arrow).

HnRNP-R and b-actin distribution in neurites and
growth cones of primary cultured sensory neurons

We have previously observed that Smn, hnRNP-R, b-actin and
b-actin mRNA accumulation is reduced in axon terminals of
cultured Smn-deficient motor neurons (16). Therefore, we
investigated the distribution of these proteins in sensory
neurons cultured from control and Smn-deficient mice. In
addition, we compared the growth cone size of Smn-deficient
and wild-type sensory neurites (Fig. 4). After 24 h in the pre-
sence of NT-3, BDNF, GDNF and NGF, the sensory neurons
were fixed and stained with monoclonal antibodies against
b-actin and hnRNP-R. HnRNP-R staining in growth cones
of sensory neurons is restricted to the pars compacta
(Fig. 4F, arrow). Growth cone size was significantly reduced
in sensory neurons (P , 0.0001) (Fig. 4M). Immunoreactivity
of b-actin protein appeared highly reduced in the distal part of
the neurites (Fig. 4D and L). No differences in growth cone
size were observed in various subgroups of sensory neurons,
which survive in the presence of NGF, NT-3, BDNF or
GDNF (Fig. 4M).

b-Actin mRNA is reduced in growth cones of cultured
sensory neurons from Smn-deficient embryos

On the basis of the finding that growth cones of Smn-deficient
sensory neurons contain less b-actin immunoreactivity than
wild-type controls, we investigated whether b-actin mRNA

Figure 2. Survival, size of cell bodies and neurite length in cultured dorsal
root ganglionic neurons from Smn2/2;SMN2 and control embryos. Cells
were cultured for 24 h in the presence of NGF, NT-3, BDNF and GDNF
(10 ng/ml each) and for 48 h in the presence of NGF to support the survival
of various sensory neuronal subtypes. Cells were counted immediately after
plating and after 24 h. Survival of cells treated with different NFs and
without NFs (A), morphology of NGF-treated cultures (B) and controls
without NFs (C), cell body size (D) and morphology (E–H). No differences
in cell survival and size of cell bodies were observed between Smn-deficient
sensory neurons and controls. Neurite length was measured; data are shown as
bar charts (I). After 24 h, neurites of Smn-deficient sensory neurons (black
bar) are shorter than controls (grey bar) in the presence of NGF (29%,
P, 0.05), NT-3 (211%, P , 0.05), BDNF (28%, P, 0.05) and GDNF
(27%, P, 0.05). Neurite length reduction of Smn-deficient cells increases
to 14% in the presence of NGF after 48 h of culturing (results from three inde-
pendent experiments). Data represent mean+ SEM.
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is also reduced. For this purpose, we performed in situ hybrid-
ization with an antisense probe against actin mRNA. Light
microscopic analysis revealed a reduced signal for actin
mRNA in the distal part of Smn-deficient sensory neurons
(Fig. 5B and D) in contrast to wild-type cells (Fig. 5A and
C). An actin mRNA sense probe was used as a negative
control (Fig. 5E).

Morphological characterization of sensory nerve endings
in footpads of Smn-deficient mice

The observation that Smn-deficient cultured sensory neurons
do not show any alterations with respect to cell survival but
exhibit defects in neurite elongation and reduced growth
cone size prompted us to examine sensory nerve endings
in vivo at a stage when these neurites grow out and make
contact with their targets. For this purpose, we isolated foot-
pads from E14 Smn2/2;SMN2 embryos and control litter-
mates. After fixation, 10 mm thick cryosections were cut and
stained with a polyclonal antibody against neurofilament-M.
Sections were analysed under a confocal microscope for mor-
phological alterations of the nerve endings in the epidermis of
the footpads.

In comparison to controls (Fig. 6A and C), nerve endings
from Smn-deficient embryos do not reach the outer epider-
mal layer (Fig. 6B and D). Higher magnification of innervat-
ing nerves revealed that sensory neuron endings were
prominent in control embryos and showed a typical globe-
like structure (Fig. 6E and F). In contrast, the nerve
endings were much thinner in Smn2/2;SMN2 embryos
(Fig. 6G and H). We have also quantified the number of
sensory nerve endings in Smn2/2;SMN2 and controls. No
difference was observed in the number of nerve endings
per footpad (data not shown).

DISCUSSION

SMA is generally considered as a disease exclusively affecting
motor neurons. Nevertheless, several clinical observations
have been made with type I SMA patients that sensory
neurons are also affected. Abnormal sensory conduction vel-
ocity has been reported (9–11), and analysis of sural nerve
biopsies revealed various degrees of axonal degeneration
(11). It is not known how generalized these effects are or
whether the axonal loss observed in the nerve biopsy material

Figure 3. Smn, hnRNP-R and b-actin distribution in cultured sensory and motor neurons from Smn wild-type embryos. DRGs were isolated from 14-day-old
Smn wild-type embryos and cultured for 24 h in the presence of NGF (10 ng/ml). The cells were then fixed with 4% PFA and stained with antibodies against
hnRNP-R (green), b-actin and Smn (red). In parallel, motor neurons were isolated from the same mouse embryos and cultured for 7 days. In motor neurons,
hnRNP-R, b-actin and Smn strongly accumulate in the distal part of the axon (A, C, E and G, arrows in I and K). In sensory neurons, the distribution of
Smn, hnRNP-R and b-actin is similar, but the accumulation at the neuron terminal is less pronounced (B, D, F and H, arrows in J and L).
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correlates with enhanced cell death of the corresponding
sensory neurons in the DRGs.

We have analysed the number of sensory neurons in the L5
DRG and the morphology of sensory nerve terminals in the
skin of Smn-deficient mouse embryos. Although no significant
loss of sensory neurons was observed, sensory neurons from
the severely affected SMA mouse model do not develop prop-
erly. Their terminals in the skin are much smaller at embryo-
nic day 14. This correlates with defects in neurite growth and
growth cone morphology in sensory neurons isolated from
mouse embryos at the same developmental stage. Growth
cones of these sensory neurons were significantly smaller in
cultured Smn-deficient neurons. Accumulation of the Smn
interaction partner hnRNP-R is less pronounced in the distal
part of the sensory nerve processes. Moreover, b-actin
protein and mRNA levels are reduced in growth cones of
sensory neurites, indicating that similar pathophysiological

processes as those observed in Smn-deficient motor neurons
are responsible for these defects.

Sensory defects have so far only been reported in severe
SMA, particularly in patients with pre-natal disease onset.
For example, a patient described by Rudnik-Schoneborn
et al. (11), who was ventilated from birth on with no motor
function at all, showed a fibre density of 3500/mm2 in the
sural nerve, whereas age-matched controls have more than
20 000 fibres per mm2. This finding indicates that sensory
defects develop early in severe SMA, at the same time when
motor defects become apparent. Similarly, isolated sensory
neurons from 14-day-old Smn2/2;SMN2 mouse embryos
show reduced neurite growth, and the growth cones in the
skin of these mice are smaller than in controls. Surprisingly,
these alterations did not result in the loss of sensory cell
bodies in the L5 DRG at post-natal days 3–5, indicating
that reduced SMN levels do not affect survival of sensory
neurons in culture or in vivo.

Figure 4. Reduced b-actin content in neurite terminals of isolated
Smn-deficient sensory neurons. Dorsal root ganglionic sensory neurons
from Smn2/2;SMN2 and Smnþ/þ;SMN2 embryos were cultured for 24 h,
fixed with 4% PFA and stained with antibodies against b-actin (red) and
hnRNP-R (green). HnRNP-R and b-actin are homogenously distributed
throughout the cell bodies and proximal neurites in wild-type (A, B, E, F,
I and J) and Smn-mutant sensory neurons (C, D, G, H, K and L). Staining
in the distal parts of Smn-deficient neurites appears weaker. The area of the
growth cones of Smn-deficient sensory neurons (black bar) and wild-type
controls (grey bar) treated with NT-3, NGF, BDNF and GDNF was
determined by staining against b-actin (B, D, J and L), followed by
morphological analysis (M). The growth cone area of Smn-deficient
sensory neurons in the presence of each survival factor is significantly
reduced (P , 0.0001).

Figure 5. Reduction of actin mRNA in growth cones of Smn-deficient
sensory neurons. In situ hybridization of cultured sensory neurons derived
from Smn2/2;SMN2 (B and D) and Smnþ/þ;SMN2 mice with an antisense
probe against actin mRNA (A and C). The signal for actin mRNA is reduced
in the distal part of the neurites in Smn-deficient sensory neurons (B and D).
An actin-sense probe was used as negative control and did not reveal a detect-
able signal (E).
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Interestingly, motor neuron loss in the same mice is small at
birth and increases during the following 3–5 days (12). When
motor neurons are isolated at E14, axon growth is reduced
during a period of 7 days in culture. This indicates that axon
pathology precedes neuronal cell death in motor neurons.
Indeed, when isolated motor and sensory neurons are grown
in culture in the presence of NFs, cell death is not enhanced,
although the defects in neurite growth are clearly apparent
under these in vitro conditions. This suggests that the cell
death of motor neurons is a consequence of loss of contact
and subsequent loss of trophic support from skeletal muscle.
The finding that treatment with cardiotrophin-1, neurotrophic
factor that is secreted from developing skeletal muscle to
innervating motor neurons, can reduce motor neuron loss in
Smn-deficient mice (24) supports this hypothesis.

The neurite growth defect observed with isolated sensory
neurons is much less pronounced in comparison to motor
neurons. Neurites from sensory neurons grow much faster
than from isolated motor neurons under similar culture con-
ditions. Within 24 h, they grow distances up to 300 or
400 mm, whereas axons from cultured motor neurons need 7

days for the same distance. Growth of sensory and motor
axons in cell culture differs by the frequency of growth cone
collapses, changes in growth directions and turns, which are
much more frequent in motor than in sensory axons
(Fig. 3A and B). The growth cone plays an essential role in
axon guidance (25), and b-actin dynamics regulate axon
growth direction (26). The growth cone in isolated sensory
neurons is smaller than in motor axons, and this reflects differ-
ences in neurite growth between these two types of cells. The
finding that defects in motor axon guidance are a dominant
feature after RNAi knockdown of Smn in zebrafish (17) is
in line with this idea.

In summary, Smn2/2;SMN2 mice exhibit specific altera-
tions in sensory neurons, which are less prominent than
defects in motor neurons. Neurites are shorter and growth
cones are smaller in sensory neurons from Smn-deficient
embryos. Reduced levels of b-actin mRNA and protein in
sensory growth cones point to a similar pathomechanism in
both cell types, indicating that Smn deficiency might result
in more widespread changes in the nervous system, particu-
larly in type I SMA.

Figure 6. Nerve endings of sensory neurons in footpads from E14-old-Smn-deficient mouse embryos. Cryosections of footpads from Smn-wild-type and Smn-
deficient E14 embryos were prepared. Each section was stained with a polyclonal antibody against neurofilament-M (red) and analysed by confocal microscope.
Distal nerve endings from Smn-deficient sensory neurons do not reach the outer epidermal layer (B and D) in contrast to sensory nerve endings from control
embryos (A and C). Nerve endings of sensory neurons from wild-type embryos were prominent, and the terminals showed a typical globe-like structure (E and F,
arrow). In contrast, the nerve endings in Smn2/2;SMN2 embryos were much thinner (G and H, arrow).
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MATERIALS AND METHODS

Quantification of neurons per DRG

Mice were deeply anaesthetized and transcardially perfused
with 4% PFA at post-natal days 1, 3 and 5. The spinal cord
with the attached DRGs was prepared, and 15 mm paraffin
serial sections were cut. Neurons in DRGs were counted in
every 10th section from L5 spinal cord segments. The raw
counts were corrected for double counting of split nucleoli,
as described (27).

Sensory neuronal culture from mouse embryos

L1 to L5 DRGs were dissected from E14 embryos in parallel
with the ventral part of the spinal cord. The DRGs were trans-
ferred to phosphate-buffered saline (PBS) and incubated with
trypsin (0.05% in HBSS) for 30 min. Trypsin digestion was
stopped by the addition of F14 medium (Gibco) containing
10% horse serum and 35 mM KCl. The cell suspension was
pre-plated for 3–4 h to suppress growth of non-neuronal
cells. The supernatant was centrifuged (10 min at 400g), and
the cell pellet was resuspended in F14 medium containing
10% horse serum and 35 mM KCl. The cells were counted
and plated at 2000 cells per cm2 on polyornithine-coated
plates on Laminin-111. The cells were incubated for 24 or
48 h, respectively, at 378C and 5% CO2.

Immunocytochemistry and data analysis

Sensory neurons grown for 24 or 48 h on glass cover slips
were fixed with 4% PFA. After treatment with 10% bovine
serum albumin (BSA), the fixed cells were incubated O/N at
þ48C with the following primary antibodies: rabbit antibodies
against phospho-Tau (Sigma, 1 mg/ml) and hnRNP-R [(28),
1:1000] and a monoclonal antibody against Smn (Transduc-
tion Laboratories, 1:1000), b-actin (Abcam, 1:1000) and
Map-2 (Sigma, 1:1000). Cells were then washed three times
with Tris-buffered saline (TBS)-T and incubated for 1 h at
room temperature with Cy2- and Cy3-conjugated secondary
antibodies (Dianova, 1:200). After washing with TBS-T,
cover slips were embedded in Mowiol. For the quantification
of neurite length and growth cone area, phospho-Tau-positive
processes and b-actin-positive growth cones were scored.
Images recorded at the confocal microscope (Leica) were ana-
lysed using the Scion Image software package. Data were ana-
lysed using the Student’s t-test for significance of differences.

In situ hybridization

Cells grown on glass cover slips were fixed with 4% PFA in
PBS for 15 min at room temperature and then washed with
PBS containing 0.1% active DEPC for 10 min at room temp-
erature. Cells were then permeabilized with 0.3% (v/v) Triton
in PBS for 20 min at room temperature, and endogenous
peroxidase activity was quenched through incubation in
0.3% (v/v) H2O2 in methanol for 40 min at room temperature.
Following a wash in 5� SSC, cover slips were pre-incubated
in hybridization buffer [4� SSC, 20% dextran sulphate, 50%
formamide, 0.25 mg/ml poly(A), 0.25 mg/ml salmon
sperm DNA, 0.25 mg/ml tRNA, 0.1 M dithiothreitol (DTT),

0.5� Denhardt’s] for 1 h at 378C. Then, fresh hybridization
solution containing 30 biotinylated sense or antisense actin oli-
gonucleotide (200 ng/ml, GeneDetect) was applied to the
cover slips at 200 ng/ml. Hybridization was carried out for
24 h at 378C. Two low stringency washes in 1� SSC,
10 mM DTT were performed for 15 min at 558C and followed
by two washes in 0.5� SSC, 10 mM DTT for 15 min at 558C.
Finally, a wash in 0.1� SSC, 10 mM DTT for 10 min at 558C
was performed. A hybridized probe was detected through
DAKO GenPoint, a Tyramide Signal Amplification System
for in situ hybridization with biotinylated probes (DAKO), fol-
lowing the manufacturer’s instruction. Finally, cover slips
were counterstained with haematoxylin, dehydrated and
mounted with Vitro-clud (Legenbrick). Images were acquired
with an Axiophot microscope (Zeiss) equipped with a CCD
camera using Axioplan 2 Software (Zeiss).

Cryosections and NF-M antibody stainings of footpads
from E14 embryos

Distal limbs from E14 embryos were prepared and frozen in
Tissue-Tek. Cross-sections (10 mm) from the footpad area
were cut, mounted on gelatine-coated glass slides and pre-incu-
bated with 10% BSA in 1� TBS-T. After BSA treatment, the
neurofilament-M antibody (Abcam, 1:200) staining was per-
formed O/N. Sections were washed three times with TBS-T
and incubated for 1 h at room temperature with Cy3-conjugated
secondary antibodies (Dianova, 1:200). After washing with
TBS-T, cover slips were embedded in DABCO. Images were
recorded with a confocal microscope (Leica).
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