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Abstract SpeciWc sensory neuronal subpopulations show
contrasting responses to peripheral nerve injury, as shown
by the axotomy-induced death of many cutaneous sensory
neurons whilst muscular sensory aVerents survive an identi-
cal insult. We used a novel combination of retrograde
neuronal tracing with immunohistochemistry and laser
microdissection techniques, in order to describe the neuro-
chemistry of medial gastrocnemius (muscular sensory aVer-
ents) and sural (cutaneous sensory aVerents) branches of
the rat sciatic nerve and relate this to the pro-apoptotic
caspase-3 gene expression following nerve transection. Our
results demonstrated distinctions in medial gastrocnemius
and sural neuron populations with the most striking diVer-
ence in the respective proportions of isolectin B4 (IB4)
staining neurons (3.7 V 32.8%). The mean neuronal area of
the medial gastrocnemius (MG) neurons was larger than
that of the sural (SUR) neurons (1,070.8 V 646.2 �m²) and
each phenotypic group was signiWcantly smaller in sural
neurons than in MG neurons. At 1 week post-axotomy, MG
neurons markedly downregulated caspase-3, whilst SUR
neurons upregulated caspase-3 gene expression; this may
be attributable to the diVering IB4-positive composition of
the subpopulations. These Wndings provide further clariWca-
tion in the understanding of two distinct neuronal popula-
tions used increasingly in nerve injury models.
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Introduction

Adult dorsal root ganglia (DRG) comprise a heterogenous
pool of sensory neurons that can be divided into subpopula-
tions according to several parameters including neuronal
size, neurochemistry, trophic requirements and sensory
modality (Lawson 2005). Recently, a diVerential response
to peripheral nerve transection has been recognised with
DRG neuronal loss which is earlier and more severe in
B-cells (small, dark cells with unmyelinated axons) than
A-cells (large, light cells with myelinated axons) (Tandrup
et al. 2000). Further to this, contrasting responses to periph-
eral nerve injury have been demonstrated in functionally
distinct sensory subpopulations. Using a rat model in which
sural and medial gastrocnemius branches of the sciatic
nerve are selectively axotomised, it has been shown that
cutaneous sensory aVerents die in great numbers following
axotomy, whereas muscular sensory aVerents survive an
identical insult (Hu and McLachlan 2003; Welin et al.
2008).

Whilst previous studies have determined a correlation
between the neurochemical phenotype of DRG neurons and
their function (Lawson et al. 2002; McLachlan and Janig
1983; Molander et al. 1987; O’Brien et al. 1989), it is clear
that peripheral nerve injury induces neurochemical plastic-
ity in DRG neurons (Bradbury et al. 1998; McMahon and
Moore 1988). Yet to be established is the relationship
between the neurochemistry of axotomised populations and
their propensity to apoptotic death.

DRG neuronal phenotype can be distinguished by immu-
nocytochemical markers of diVerent size classes. Small
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unmyelinated aVerents are comprised of two populations
diVerentiated by their potential to synthesise neuropep-
tides—peptidergic aVerents are predominantly of nocicep-
tive function and identiWed by their immunoreactivity for
calcitonin gene-related peptide (CGRP), whilst the exclu-
sively nociceptive non-peptidergic aVerents are identiWed
by their binding of GriVonia simplicifolia isolectin B4
(IB4). Myelinated primary aVerents, which innervate
peripheral mechanoreceptors and proprioceptors, are identi-
Wed by their binding of the high molecular weight neuroWl-
ament (NF-H) which recognises a 200 kD neuroWlament
protein (Lawson 2005).

Axotomy-induced sensory neuronal death is recognised
to be mediated through apoptosis comprising a cascade of
pathways culminating in caspase-3 activation which eVects
the death-inducing proteolytic action on cells (Groves et al.
1997; Janicke et al. 1998). Following peripheral axotomy
morphologically apoptotic DRG neurons demonstrate
immunoreactivity for activated caspase-3 protein (Kuo
et al. 2005), and the proportion of IB4-positive neurons
decreases in the axotomised DRG (Bradbury et al. 1998;
McMahon and Moore 1988). Therefore, we were keen to
investigate the relationship between neurochemical pheno-
type and apoptotic expression in functionally diVering
DRG subpopulations.

Here, we present data characterising medial gastrocne-
mius and sural neuron neurochemical phenotype and neuro-
nal proWle size. In a parallel experiment, a novel
combination of Xuorescent retrograde labelling, laser
microdissection and real-time PCR is utilised to examine
our results in the context of caspase-3 gene expression in
these functional subpopulations following selective axot-
omy.

Materials and methods

Retrograde neuronal labelling

Experiments were performed on young adult male Wistar
rats (220–250 g) anaesthetised with isoXuorane. The animal
care and experimental procedures were performed in accor-
dance with the terms of the Animals (ScientiWc Procedures)
Act 1986 and the number of animals used was kept to a
minimum. Animals underwent left sided unilateral medial
gastrocnemius (MG, sensory neurons projecting from mus-
cle) nerve (n = 8) or sural (SUR, sensory neurons project-
ing from skin) nerve (n = 8) division at the same level in the
popliteal fossa of the left hind limb. The proximal nerve
end was introduced into a small polyethylene cap containing
2 �L of Fast Blue (FB, 2% aqueous solution, EMS-Chemie
GmbH, Germany) and sealed with a mixture of silicone
grease and Vaseline to prevent leakage. Animals were kept

warm on a heated blanket and regular observations were
made to ensure a satisfactory anaesthetic plane. The cap
was removed 2 h later; proximal nerve was rinsed in saline,
wrapped in Spongostan absorbable gelatin sponge (Johnson
and Johnson Medical, UK) to prevent dye leakage and
directed away from the distal nerve ending to prevent
regeneration. The wound was closed in layers.

Control undamaged neuronal labelling was required for
baseline caspase-3 gene expression values. For control
undamaged MG neuron labelling, 4 �L Fast Blue tracer
was injected into the left medial gastrocnemius muscle
(n = 5) at four diVerent sites using a 10 �L Hamilton
syringe (Hamilton, Switzerland). The tracer was allowed to
dissipate through the muscle before the needle was with-
drawn and the muscle carefully washed and dried. Control
SUR neuronal labelling was performed by injecting 2 �L
Fast Blue tracer into the sural nerve (n = 5) using a Wne
glass microelectrode. These techniques labelled consider-
ably fewer neurons than the axotomy technique above;
however, at least 100 neurons were labelled in each animal
enabling suYcient neuron capture by laser microdissection
for gene expression analysis.

Two methods were used to test for the presence of non-
speciWc labelling. First, the contralateral DRG were exam-
ined for Fast Blue staining. Second, in a separate animal the
axotomised sural nerve was divided and capped proximal to
the site of Fast Blue administration to prevent dye uptake.
These control experiments conWrmed that there was no
leakage of the dye.

Experimental groups

Phenotyping groups at 4 days after nerve transection, three
animals from both MG and SUR axotomy studies were
deeply anaesthetised with isoXuorane and perfused tran-
scardially with 0.9% heparinised saline (0.9% NaCl,
50 units/ml heparin) followed by 4% paraformaldehyde in
0.1 M phosphate buVer solution (PBS). Ipsilateral and con-
tralateral L4 and L5 DRG were harvested and post-Wxed in
4% paraformaldehyde before being frozen in OCT embed-
ding medium (VWR, UK) and stored at ¡40°C.

Caspase-3 mRNA expression groups at 7 days after
nerve transection, Wve animals from both MG and SUR
axotomy and the undamaged MG and SUR neuron labelled
groups were killed by cervical dislocation. Ipsilateral and
contralateral L4 and L5 DRG were harvested carefully but
rapidly and Xash frozen in OCT embedding medium
(VWR, UK) and stored at ¡40°C.

Immunohistochemistry

Phenotyping groups serial 14 �m cryosections of DRG
were cut longitudinally using Bright (UK) 5040 microtome,
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mounted onto Superfrost Plus slides (VWR, UK) and air-
dried. Slides were washed Wve times in PBS, and then incu-
bated for 1.5 h in 5% normal donkey serum (Sigma, UK),
0.2% Triton-X-100 in PBS. Sections were then incubated in
primary antibody solution overnight at 4°C. The primary
antibodies used in this study were polyclonal rabbit NF-H
(1:400, Chemicon), monoclonal mouse CGRP (1:500,
Sigma) and FITC-conjugated IB4 from GriVonia simplici-
folia (1 mg/ml, Vector Labs, UK). Sections were washed in
PBS then incubated for 1.5 h in Xuorescein isothiocyanate
(FITC) and/or cyanine 3 (Cy3)-conjugated donkey anti-rab-
bit or anti-mouse as appropriate (1:100; Jackson Immuno-
Research). Sections were mounted in Vectorshield (Vector
Labs).

In each rat, retrogradely-labelled L4/5 DRG were double-
stained with two out of three antibodies (CGRP, IB4 or
NF-H) which enabled assessment of each antibody pheno-
type across two animals in both MG and SUR nerve injury
groups. ImmunoXuorescence was visualised using an Olym-
pus BX60 inverted Xuorescence microscope and images
acquired using a monochrome camera (Evolution QEi,
MediaCybernetics, Bethesda, USA) and processed using
Image-Pro Plus Imaging software (Media Cybernetics).

In the medial gastrocnemius nerve injury group the
entire FB-labelled neuronal population of over 200 cells
was included for counting. A neuron was counted when the
nucleus was visible and adjacent sections were examined to
limit double counting of split cells. Every MG neuron was
then examined for positive staining with the phenotyping
antibodies. Due to the large number of sural neurons, this
population was sampled with every Wfth section examined
for FB-labelled neurons which again were only counted if
the nucleus was visible. These neurons were also examined
for co-staining with the phenotyping antibodies and over
200 FB neuronal proWles were counted in order to have a
similar number of cells as the MG population. The Image
Pro Plus software was also used to measure the maximal
area of each neuronal proWle counted.

Laser microdissection

Caspase-3 mRNA expression groups serial 10 �m cryosec-
tions of DRG were cut using Bright (UK) 5040 microtome
and mounted onto RNase-free UV light-treated membrane
slides: 1 mm polyethylene-tetraphthalate (PET) mem-
brane, PALM (Zeiss, Germany). Slides were air-dried in
the cryostat before being Wxed in ice-cold methacarn (eight
parts methanol, one part glacial acetic acid) for 10 min,
dipped into ice-cold RNase-free PBS to remove excess
OCT, and then in serial ethanol 70/96/100% for 2 min/
2 min/3 min, respectively, for tissue dehydration.

Laser capture microdissection was performed on PALM
Microlaser Technologies microbeam microdissection

system (Zeiss, Germany). Retrogradely-labelled Xuorescent
neurons were visualised, marked under Xuorescence illumi-
nation (UV Wlter, 350 nm excitation) and cut. The PET
membrane of the slide is cut simultaneously and provides a
‘back-bone’ to facilitate laser pressure catapulting—a pre-
cisely aimed but defocused high-energy laser beam to cata-
pult the area against gravity into the collecting microfuge
tube. Individual neurons were catapulted contact-free into a
PALM AdhesiveCap with a total of 100 cells captured for
each animal. This procedure allows collection of material in
a contact-free manner, minimising the risk of contamina-
tion which is particularly important in sensitive down-
stream applications.

Quantitative RT-PCR

Laser-captured samples were submerged in 350 �L lysis
buVer (RLT buVer, QIAGEN, Germany) and 3.5 �L �-mer-
capotethanol (Sigma-Aldrich, UK) was added alongside
20 ng carrier RNA before homogenisation. The samples
were incubated upside down for 30 min, then vortexed
thoroughly. RNeasy (Qiagen) Micro protocol for isolation
of total RNA from microdissected cryosections was under-
taken including the optional DNase step. The puriWed RNA
was eluted in 14 �L RNase-free water.

All total RNA samples were converted to cDNA using
a First-Strand cDNA Synthesis Kit (Superarray, USA).
qRT-PCR was performed with a Rotor-Gene 6000 + HRM
(Corbett Life Science, Australia) using SYBR® Green Xuo-
rescence master-mix (SABiosciences Corporation, MD,
USA) and analysed using Rotor-Gene 6000 Series Software
version 1.7.61 (Corbett Life Science, Australia). Primers
were pre-designed by Superarray-housekeeping gene
HPRT (Genbank Accession No. NM012583, Catalogue No.
PPR44247E) and caspase-3 (Acc. No. NM012922, Cat. No.
PPR06384A). All reactions had been optimised to work
under the same conditions—initial denaturation/HotStart
DNA Polymerase activation: 95°C for 15 min; PCR cycles:
95°C for 30 s, 55°C for 30 s, and 72°C for 30 s repeated for
40 cycles. One PCR run was performed for both genes and
contained a standard curve, generated from serial dilutions
of testicular tissue cDNA over four orders of magnitude; all
experimental samples were assayed in triplicate. A negative
control assay was always included where cDNA template
was replaced with RNase-free water.

Data from a reaction was excluded only if its threshold
cycle C(t), diVered by more than one cycle compared with
the other two reactions in the triplicate run. From the stan-
dard curves described above, the C(t) values were used to
calculate mRNA levels (arbitrary units) in each sample. For
every animal, the expression level of caspase-3 was norma-
lised to that of the housekeeping gene, HPRT. ConWrmation
of the ampliWed products was established by performing a
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melting curve analysis: 95°C for 1 min, 65°C for 2 min,
then 65–95°C, reading every 0.2°C, holding for 1 s between
reads.

Statistics

GraphPad Prism 4© software (GraphPad Software, San
Diego, CA, USA) was used to calculate statistics and an
unpaired student t test was used to compare neuronal cross-
sectional distances in phenotypic groups across MG and
SUR subpopulations. One-way ANOVA test was used to
determine diVerences in gene expression between the
groups. Post-hoc Bonferroni’s Multiple Comparison test
was used to compare axotomised with non-axotomised MG
and sural neurons, respectively. All data were expressed as
mean § SEM. A value of P < 0.05 was considered to be
statistically signiWcant.

Results

In both MG and sural labelled populations, each phenotyp-
ing antibody (CGRP, IB4 and NF-H) stained L4/5 DRG of
two animals in order that a distinct double-staining combi-
nation was used in each of three animals. DRG sections
with FB-labelled MG neurons were shown to co-stain with
NF-H (green) and CGRP (red) (Fig. 1). Numerous NF-H
and CGRP-positive neurons were observed with few MG
neurons and in Fig. 1 only one of each phenotype is seen to
co-localise with FB. The FB-labelled CGRP-positive neu-
ron is identiWed by the purple (red plus blue) colour and the
FB-labelled NF-H positive neuron is identiWed by the blue
plus green colour. FB-labelled sural neurons co- localised
with CGRP (red) and IB4 (green) (Fig. 2). The FB-labelled

CGRP-positive neurons are identiWed again by the purple
colour, whilst the FB-labelled IB4 positive neurons are
identiWed by the blue plus green granular staining. FB-
labelled neurons are clearly more numerous in Fig. 2 than
in Fig. 1 demonstrating the contrast in neuronal population
size. In the L4/5 DRG, there are an estimated 3,500 sural
neurons compared with only 220 MG neurons (Welin et al.
2008). It is also evident from these Wgures that the sural
neurons are smaller in size than the MG neurons.

Neurochemical characterisation of MG and SUR neurons

The mean number of FB proWles and phenotype co-locali-
sation across three animals was calculated (Table 1). In
FB-labelled MG aVerents, a large proportion showed
co-localisation with NF-H immunostaining (49.3%) and
CGRP immunostaining (40.6%), whilst only a small propor-
tion showed co-localisation with IB4 immunostaining
(3.7%). A small percentage of the FB-labelled MG neurons
co-localised with two antibodies—CGRP and NF-H
(4.1%), CGRP and IB4 (0.9%) and NF-H and IB4 (1.4%).
FB-labelled sural aVerents demonstrated a more even share
of phenotyping antibody co-localisation with NF-H (30.7%),
CGRP (27.9%) and IB4 immunostaining (32.8%). There was
also a small percentage of FB-labelled sural neurons that
co-localised with two antibodies—CGRP and NF-H (3.3%),
CGRP and IB4 (4.5%) and NF-H and IB4 (0.8%).

ProWle size of MG and SUR neurons

Maximum neuronal area was measured in every MG and
sural proWle counted (Fig. 3). The mean area of the MG

Fig. 1 FB-labelled MG neurons co-localised with NF-H (green) and
CGRP (red). Arrow shows FB-labelled CGRP-positive MG neuron as
purple colour. Arrowhead shows FB-labelled NF-H positive MG
neuron as blue plus green colour. Scale bar 30 �m. 20£ magniWcation

Fig. 2 FB-labelled sural neurons co-localised with CGRP (red) and
IB4 (green). Arrowheads show FB-labelled CGRP-positive sural
neuron as purple colour. Arrows show FB-labelled IB4 positive sural
neuron as blue plus granular green staining. Scale bar 30 �m. 20£
magniWcation
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neuron population (Fig. 3a) was 1,070.8 § 17.2 �m² (range
327.9–3,204.7 �m²) whilst the mean area of the sural neu-
ron population (Fig. 3b) was 646.2 § 11.6 �m² (range
203.5–2,010.1 �m²). The small neurons of the sural popula-
tion (<500 �m²) outnumbered the large (>500 �m²) by
almost 9:1, as seen in Fig. 3 which shows the sural neuronal
areas skewed towards neurons of smaller size. This con-
trasts with the MG neuronal areas which are closer to a nor-
mal distribution with a wider range. The mean neuronal
areas of MG and sural neurons were calculated in relation
to subdivision into phenotypic groups (Table 2). The mean
neuronal areas of each phenotypic group were smaller in
sural neurons than in MG neurons. The mean neuronal area
of CGRP neurons in MG aVerents was 862.8 § 20.3 �m²,
whilst in sural aVerents mean neuronal area was
608.2 § 22.4 �m² (P < 0.0001); mean neuronal area of IB4
neurons in MG aVerents was 698.7 § 40.5 �m², whilst in

Table 1 Mean numbers and percentage of MG and SUR neurons that co-stain with phenotypic antibodies

In both MG and sural labelled populations, each phenotyping antibody stained L4/5 DRG of two animals in order that a distinct double-staining
combination was used in each of three animals. The mean number of FB-labelled neurons staining with each individual antibody (across two ani-
mals) and the true number of double-staining FB-labelled neurons (in one animal) are pooled to represent the phenotypic makeup of MG and sural
populations

MG Animal with FB-labelled MG neurons. SUR Animal with FB-labelled sural neurons

MG Antibody Mean number of 
neurons § SEM

% SUR Antibody Mean number of 
neurons § SEM

%

CGRP (N = 2) 89 § 4.0 40.6 CGRP (N = 2) 68 § 2.5 27.9

IB4 (N = 2) 8 § 1.0 3.7 IB4 (N = 2) 80 § 2.5 32.8

NF-H (N = 2) 108 § 6.5 49.3 NF-H (N = 2) 75 § 4.0 30.7

CGRP + IB4 2 0.9 CGRP + IB4 11 4.5

CGRP + NF-H 9 4.1 CGRP + NF-H 8 3.3

IB4 + NF-H 3 1.4 IB4 + NF-H 2 0.8

Total 219 100 Total 244 100

Fig. 3 a MG neuronal area distribution. The neuronal area distribu-
tion of every FB-labelled MG neuron counted inthree animals shows a
normal distribution with a wide range and a mean neuronal area of
1,070.8 § 17.2 �m². b Sural neuron area distribution. The neuronal
area distribution of every FB-labelled sural neuron counted in three
animals shows a skew towards neurons of smaller size and a mean area
of 646.2 § 11.6 �m²

Table 2 Mean neuronal area and range of MG and sural neurons
subdivided into phenotypic groups

The mean neuronal area § SEM and the range of neuronal area for MG
and sural neurons were calculated in relation to subdivision into
phenotypic groups. The mean neuronal area of each phenotypic group
was smaller in sural neurons than in MG neurons

MG versus Sural—CGRP P < 0.0001; NF-H P < 0.0001

Number of 
neurons

Mean neuronal 
area (�m²)

Range (�m²)

MG neurons

CGRP 178 862.8 § 20.3 331.1–1,903.2

IB4 16 698.7 § 40.5 509.2–947.6

NF-H 217 1,265.6 § 30.6 350.0–3,204.7

Sural neurons

CGRP 137 608.2 § 22.4 227.6–1,506.7

IB4 159 569.0 § 25.4 203.5–1,881.0

NF-H 150 791.5 § 26.3 320.6–2,010.1
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sural aVerents mean neuronal area was 569.0 § 25.4 �m²;
mean neuronal area of NF-H neurons in MG aVerents was
1,265.6 § 30.6 �m², whilst in sural aVerents mean neuronal
area was 791.5 § 26.3 �m² (P < 0.0001).

Caspase-3 mRNA expression in MG and SUR neurons

In response to axotomy, sural and MG neurons have con-
trasting transcriptional regulation of caspase-3 mRNA
(Fig. 4). Caspase-3 expression was 0.63 § 0.07 in medial
gastrocnemius neurons with no injury (n = 5) and
0.32 § 0.01 at 1 week post-injury (n = 5, Bonferroni’s post
hoc P < 0.01), whilst in sural neurons with no injury the
mean relative expression of caspase-3 was 0.47 § 0.06
(n = 5) and 0.79 § 0.03 at 1 week post-injury (n = 5,
P < 0.001). Whilst MG neurons markedly downregulate
caspase-3, SUR neurons upregulate its gene expression at
1 week post-injury.

Discussion

Branches of the sciatic nerve are increasingly being used in
the study of nerve injury and neuronal survival (Hu and
McLachlan 2003; Oaklander and Brown 2004; Puigdelli-
vol-Sanchez et al. 2006; Welin et al. 2008). Despite several
studies examining the neurochemistry of cutaneous and
muscular sensory aVerents (Ambalavanar et al. 2003;
Lawson et al. 2002; McLachlan and Janig 1983; Molander
et al. 1987; O’Brien et al. 1989), those properties of the
medial gastrocnemius and sural neurons in the rat have not
yet been clearly characterised. In utilising a combination of
retrograde neuronal tracing with immunohistochemistry
and laser microdissection techniques, we sought to describe

the neurochemistry of MG and sural neurons and relate this
to the pro-apoptotic caspase-3 gene expression seen follow-
ing nerve transection.

Given our methodology of identifying neuronal popula-
tions at 4 days post-axotomy, an important consideration
is the phenotypic plasticity of neurons following nerve
injury. The plasticity of peptide expression has been a
recognised phenomenon since Substance P was demon-
strated to diminish in the DRG and dorsal horn 7 days after
rat sciatic nerve transection (Jessell et al. 1979). More
recent studies have observed downgraded expression with
reduced CGRP and IB4 positivity in response to nerve
injury although NF-H was not signiWcantly altered
(Bergman et al. 1999; Hammond et al. 2004). It is diYcult,
however, to determine the extent to which these results
may be due to selective neuronal cell death or phenotypic
shift because neuronal cell death is signiWcant at 1 week
(McKay Hart et al. 2002) and known to involve selectively
smaller neurons (Hu and McLachlan 2003; Tandrup et al.
2000). Therefore, a methodology to label the MG and
sural neurons with Fast Blue whilst avoiding nerve tran-
section was sought. Unfortunately, injection into the MG
muscle or into the sural nerve labelled appreciably fewer
neurons and may result in non-speciWc labelling via blood
vessels (Perry and Lawson 1998); whilst the sural cutane-
ous region is inconstant and subject to innervation from
neighbouring cutaneous nerves (Bajrovic and Sketelj
1998). These techniques may be acceptable when the prin-
cipal aim is to sample a small number of neurons known to
be uninjured; however, in this neuronal counting study it is
arguable that the signiWcantly smaller yield would bestow
greater bias than peptide downregulation only a few days
after injury. For these reasons it was decided to transect
the nerves, apply the Fast Blue tracer in a consistent and
established technique, and limit survival to 4 days: the ear-
liest time-point at which the neuronal population was
labelled with suYcient intensity, and cell death has not
signiWcantly established.

Another limitation of this study was the method of quan-
tifying the immunohistochemistry. With approximately
3,500 neurons in the sural population and 220 in the MG
population (Welin et al. 2008), there may have been a sam-
ple selection bias when restricting the sural neuron count to
just over 200; however, this was limited by counting every
Wfth section, thereby ensuring that neurons were spread
throughout the DRG. The phenotype staining of the MG
and sural neurons was judged to be either positive or nega-
tive and immunohistochemistry staining intensity was not
measured. Despite these limitations, the results showed that
the phenotype proportions are consistent across three ani-
mals for each of MG and sural neuron counts. Furthermore,
the eVects of a sampling bias should be small when measur-
ing the frequency of a chemically deWned population that is

Fig. 4 Relative expression of caspase-3 in MG and SUR neurons
qRT-PCR analysis of caspase-3 expression from laser microdissected
non-injured and injured medial gastrocnemius neurons (left) and sural
neurons (right). The injured neurons were measured at 1 week post-
axotomy. Expression values are relative to HPRT expression and are
therefore in arbitrary units. Data expressed as mean § SEM
**P < 0.01, ***P < 0.001
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co-staining another marker. Neuronal size measurements
are also in keeping with previous reports (Swett et al.
1991).

Similarly in the gene expression analysis, a sample
selection bias may be present as a result of capturing only
100 labelled sural or MG neurons via laser microdissection.
Clearly, the sampled MG neurons amounting to more than
45% of the total population are likely to be better represen-
tation of the MG neuronal group than its sural counterpart
which sampled only 3% of its total population. Given that
there is no way of predicting which neurons will undergo
apoptosis, the captured sural neurons also contain among
them cells that will survive axotomy; however, with 15%
undergoing apoptosis within the Wrst week after injury and
many more prepared to engage towards apoptosis in the
weeks subsequent to this (McKay Hart et al. 2002), it was
anticipated that a transcriptional response to the injury
would be uncovered.

Cutaneous sensory aVerents die in great numbers
following axotomy, whereas muscular sensory aVerents
survive an identical insult (Hu and McLachlan 2003;
Welin et al. 2008). We utilised this model in conjunction
with laser microdissection and qRT-PCR in order to high-
light the diVerential transcriptional response of MG and
sural neuron subpopulations following injury. Whilst
activated caspase-3 protein has been identiWed in mor-
phologically apoptotic DRG neurons following distal
axotomy (Kuo et al. 2005), our Wndings demonstrate that
axotomised MG neurons signiWcantly downregulate
caspase-3 mRNA whereas the axotomised sural neurons
signiWcantly upregulate caspase-3 transcripts at 1 week
post-injury. This disparate response to injury is likely to
be attributable to the diVering IB4-positive composition
of the subpopulations described. Previous studies have
demonstrated that DRG IB4-positivity decreases follow-
ing nerve injury (Bradbury et al. 1998; McMahon and
Moore 1988); therefore, increasing caspase-3 gene
expression in an axotomised sural subpopulation which is
IB4-rich is in keeping with the current concept of sensory
neuron response to injury. It is interesting that in response
to injury MG neurons signiWcantly downregulated
caspase-3 mRNA to almost half of baseline levels which
may indicate activation of a protective response, lacking
in sural neurons. The underlying molecular mechanisms
involved in axotomy-induced neuronal apoptosis have yet
to be fully determined.

In conclusion, this study has demonstrated diVering
neurochemical phenotype and size characteristics which
are likely to inXuence the apoptotic fates of sural and
medial gastrocnemius DRG subpopulations. These Wnd-
ings provide further clariWcation in the understanding of
two neuronal populations increasingly used in nerve
injury models.
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