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Expression of the pro-opiomelanocortin gene in dorsal root ganglia,
spinal cord and sciatic nerve after sciatic nerve crush in the rat
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Neuropeptides related to a-melanocyte-stimulating hormone (a«-MSH) stimulate nerve outgrowth following peripheral nerve injury and may play
an important physiological role in peripheral nerve regeneration. The mechanism of action underlying the neurotrophic effect of pharmacologi-
cally administered «-MSH is unknown. Here we investigate the hypothesis that reexpression of the proopiomelanocortin (POMC) gene. the
prohormone of a-MSH /adrenocorticotropic hormone (ACTH)-like peptides, is part of the endogenous repertoire of peripheral nerve responses
following injury. The effect of sciatic nerve crush on the expression of POMC mRNA between 0.5 h and 14 days after crush was investigated
using polymerase chain reaction (PCR) and Northern blot analysis. The presence of a POMC transcript in dorsal root ganglia (DRG), spinal cord
and in the sciatic nerve at the crush site could be demonstrated in both control and lesioned animals by PCR using primers located in exon 1 and
3 of the POMUC gene. Minute quantities of two POMC transcripts (1200 nt and 800 nt) could be detected by Northern blot analysis of total RNA
prepared from DRG, spinal cord and the sciatic nerve of control animals and of animals subjected to nerve crush. POMC mRNA expression was,
however, not increased following nerve crush. Probes specific for exons 1 and 2 or specific for exon 3 of the POMC gene were employed to
demonstrate that the 800 nt transcript represents the truncated POMC mRNA previously shown to be present in extra-pituitary tissue. The
larger 1200 nt transcript comigrates with the full length POMC mRNA expressed in the pituitary gland. The present results demonstrate the
expression of small amounts of POMC mRNA 1n all compartments of the sciatic nerve. The absence of an induction of POMC expression in
response to nerve crush suggests that the stimulating effect of exogenously applied a-MSH does not mimic a POMC derived neurotrophic
peptide induced in the nerve following nerve injury.

INTRODUCTION cleavage. This precursor gives rise to a number of
peptides including «-MSH and B-endorphin. POMC-
It has been shown by several laboratories that pep- derived peptides are predominantly formed in the pitu-
tides related to adrenocorticotropic hormone (ACTH) itary gland and in the brain. In addition to these
and a-melanocyte-stimulating hormone (a-MSH), col- classical sites of POMC expression, other cell types
lectively termed melanocortins, stimulate the recovery have the capability to express the POMC gene. These
of peripheral nerves after crush lesion®**%. This neu- include the gastrointestinal tract, gonads, thymus and
rotrophic action of melanocortins becomes apparent in the placenta®’*°. Extra-pituitary expression of the
an acceleration of functional recovery and an increase POMC gene often leads to a short transcript of approx-
in the number of regenerating nerve fibres following imately 800 nt, as compared with the 1200 nt mRNA
nerve crush. The mechanism of action by which found 1n the pituitary gland. This truncated POMC
melanocortins exert these beneficial pharmacological transcript lacks exons 1, 2 and the 5" end of exon 3 and
effects is currently not known. is most likely not functional as messenger RNA'®'®.
Melanocortins are normally formed from the pro- Endogenous MSH-like peptides may be formed In
hormone pro-opiomelanocortin (POMC) by proteolytic traumatized nerves In response to peripheral nerve
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Injury as one of a cocktail of neurotrophic substances
synthesised. Using a bioassay for a-MSH, Edwards'’
has presented evidence that an a-MSH-like peptide
may be present in degenerating nerve stumps 6 days
after nerve damage. The presence of a-MSH- and
B-endorphin-like immunoreactive material was demon-
strated in nerves following nerve transection'®. In con-
trast to these findings, using a radioimmunoassay for
«-MSH, we were unable to detect a-MSH immunore-
active material in the proximal and distal nerve stumps
of degenerating peripheral nerves 3 and 5 days follow-
ing nerve injury>>. Carr and Haynes have demon-
strated that the POMC gene 1s expressed in the devel-
oping spinal cord of E13 rat embryos and downregu-
lated at E15* Moreover, in dystrophic mice!® and in
mice with motoneurone disease'” immunoreactivity for
POMC-derived peptides 1s present in a large portion of
the motoneurones of the adult mice. Muscular dystro-
phy has been described as a condition where the matu-
ration of the muscle endplate 1s delayed.

The objective of the present study was to examine 1n
detail the expression of the POMC gene following
injury to the sciatic nerve in order to elucidate whether
upregulation of POMC gene expression 1s part of an
endogenous series of events that occur Iin a nerve
following injury. To this end POMC mRNA expression
was examined at various timepoints after crush In
DRG (L, ) and in the spinal cord (T,,-L,) contain-
ing respectively the cell bodies of the sensory neurons
and the motoneurones of the sciatic nerve. It has been
reported that mononuclear blood cells are capable of
producing POMC related peptides''*’. Since macro-
phages are known to infiltrate the crush site after
damage**, we investigated the presence of POMC tran-
scripts 1n this area as well. The POMC mRNA expres-
sion was compared to the expression of mRNA of B-50
(GAP-43), a well characterized growth associated pro-
tein"*>*13* of which the expression responds to sciatic
nerve 1njury.

MATERIALS AND METHODS

Animals, surgery and tissue dissection

Male Wistar rats (120-140 g, TNO, Zeist, The Netherlands) were
used 1n all experiments. Rats were anaesthetized with Hypnorm
(Duphar, Weesp, The Netherlands) at a dose of 0.8 ml/kg body
weight. The right and the left sciatic nerves were crushed 27 mm
distal to the sciatic notch with haemostatic forceps as described in
detail by De Koning®. This procedure results in degeneration of all
axons distal to the crush site. The position of the distal border of the
2.0 mm long crush lesion was marked by placing an epineural suture
(Ethicon 6.0) in the epineurium to identify the precise position of the
crush site. At 0.5 and 6 h and 1, 2, 4 and 14 days after crush the
animals were sacrificed by decapitation. Unoperated age-matched
animals were used as controls.

After decapitation the left and right dorsal root ganglia (L, _,)
and the spinal cord (T;,-L,) were dissected. In order to obtain a

sufficient amount of RNA, DRGs of 3 animals were pooled for RNA
isolation. From both sciatic nerves a 14-mm piece of nerve was
dissected 7 mm proximal and distal from the suture. The sciatic
nerve pieces of 2 rats were pooled for RNA isolation. All tissues
were stored at — 80°C until further processing. Gloves were worn at
all times and dissection instruments were sterilized before the dissec-
tion of each rat. The pituitary gland and the hypothalamus (positive
controls) were always dissected apart from the other tissues.

RNA isolation

Total RNA was prepared by a single step method using RNAzol
(Cinna /Biotecx, Friendswood, USA), a guanidinium isothiocyanate /
phenol based extraction solution according to the manufacturers
instructions. In short, the tissue samples were homogenized in RNA-
zol (2 ml /100 mg tissue) in a glass tube with a tightly fitting teflon
pestle by 10 strokes up and down. Per 2 ml of homogenate 0.2 ml
chloroform was added, shaken vigorously and put on ice. After
centrifugation (12,000X g, 15 min, 4°C), the upper aqueous phase
containing the RNA was transferred to a fresh tube and an equal
volume of 1sopropanol was added. The RNA was allowed to precipi-
tate for at least 45 min at —20°C. RNA was pelleted by centrifuga-
tion (12,000 % g, 20 min, 4°C) and washed twice with 70% ethanol.
The pellet was briefly dried in vacuo and dissolved 1n sterilized
water. The amount of RNA was determined spectrophotometrically
by UV absorption at A ,,,, the purity was assessed via the A ., /A 150
ratio and the integrity was examined on a 2% agarose gel stained
with ethidium bromide. The RNA was used for Northern blots or
served as template for the production of cDNA for PCR. Because
the PCR method is very sensitive to cross contamination, precautions
to avoid false positives were taken during the preparation of the
RNA. A fresh sterilised pestle was used for each sample and RNA
from spinal cord, DRG and sciatic nerve was not isolated on the
same day as RNA from the hypothalamus and the pituitary gland
(positive controls).

For the poly(A") RNA isolation, oligo-(dT)-cellulose type 3
(Collaborative Research, Bedford, MA, USA) was hydrated in a 10-
to 20-fold excess of elution buffer (0.01 M Tris-HCI, pH 7.5). The
resin was pelleted by centrifugation (2000X g, 5 min), resuspended
iIn 0.1 N NaOH and incubated at room temperature for 20 min. This
was followed by one wash of elution buffer and several washes with
binding buffer (0.01 M Tris-HCI pH 7.5, 0.5 M NaCl) to remove the
NaOH and to equilibrate the resin. The cellulose was finally resus-
pended in binding buffer at 40 mg/ml. Two mg of total RNA from
the spinal cord of 10 control rats isolated as described was dissolved
in 5 ml binding buffer after precipitation. An aliquot of resuspended
resin corresponding to 50 mg dry resin per mg total RNA was added
and incubated for 30 min at room temperature with gentle mixing on
a rocker platform. The resin was transferred to a polypropylene
Econo-column (Bio-Rad Laboratories, Richman, CA, USA) that had
been prewashed with 0.1 M NaOH followed by several washes with
binding buffer. The resin was rinsed 4 to 5 times with binding buffer
till the A, was less than 0.05. The poly(A ™) RNA was eluted from
the resin with 3 times 500 wl of elution buffer. The washes were
combined and the amount of poly(A™ ) RNA was determined spec-
trophotometrically.

cDNA synthesis

Single-stranded ¢cDNA was synthesised from 10 ug total RNA
per sample. The RNA was denatured at 65°C for 5 min and put on
ice. cDNA synthesis was carried out in 20 wl of 1X first strand
buffer (50 mM Tris-HCI pH 7.6, 70 mM KCI, 10 mM MgCl,, 4 mM
dithiotreit), 1 mM of each dNTP, 3 uM random primers, 20 U
RNAsin and 40 U Moloney Murine Leukaemia Virus (MMLV)
reverse transcriptase (Pharmacia, Uppsala, Sweden) for 2 h at 37°C.

Polymerase chain reaction

Both the sense and the antisense primers for POMC and B-50
were 24-mers. The sequence of the 5’ primer complementary to a
sequence in exon 1 of the rat POMC gene starting at position 74 is

5"CAGAGAGCTCCCTTTCCGGCGACAGS3' (primer A, Fig. 1) and
the sequence of the 3" primer complementary to exon 3 of the
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Fig. 1. Schematic representation of POMC mRNA showing the

locations of the 5’ primer (A) and the 3’ primer (B) used in the

PCR, the probe used for Southern blot hybridization (I) and two

different probes used for Northern blot hybridization (II, III). The

triangles indicate the position of the introns at nucleotide 98 and at
nucleotide 248.

POMC gene starting at position 484 is S'GGAAGAGCTCCATG-
GAGTAGGAGC3" (primer B, Fig. 1). The expected size of the
amplification product is 433 bp. The sequence of the 5’ B-50 primer
complementary to a sequence in exon 1 starting at position 41 is
S’AGCTGTGCTGTATGAGAAGAACC3' and the sequence of the
3" B-50 primer complementary to a sequence in exon 2 starting at
position 265 1s S'CCCTCCTTCTTCTCCACACCATCA3Z3'. The ex-
pected size of the amplification product is 247 bp=*. Both sets of
primers were used together in a single PCR. The cDNA equivalent
to 1 pg total RNA was amplified by PCR in a final volume of 50 wl.
The PCR mixture contained 1x PCR buffer (10 mM Tris-HCI pH 8.3,
50 mM KCl, 1.5 mM MgC(Cl,, 0.01% gelatin), 0.2 mM of each dNTP
(Pharmacia, Inc., Pitscataway, NJ), 1 uM of each primer, and 2.5 U
of TAQ polymerase (Pharmacia). An intelligent heating block (Hy-
baid Ltd., Teddington, UK) was used to cycle the temperature of the
samples. Samples were denatured for 10 min at 100°C and quickly
cooled on i1ce prior to the addition of Taq polymerase and dNTP.
Samples were overlaid with 50 wxl mineral oil and incubated for 30
cycles as follows: 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min.
After the last cycle the samples were incubated at 72°C for 10 min
and stored at — 20°C until analysis. To avoid cross-contamination the
following measures were taken®: (1) positive displacement pipettes
were used throughout the RNA 1solation, the ¢cDNA synthesis and
PCR sample preparation, (2) preparation of PCR reaction mixtures,
sample preparation and analysis of amplified products were each
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performed in separate rooms, (3) a negative control (complete PCR
mixture containing water instead of template cDNA) was pipetted
following each series of 7 samples during each experiment, (4) the
positive controls (hypothalamus and pituitary cDNA) were always
pipetted as the last sample of an experiment.

Analysis of the PCR products

The PCR products were separated on a 2% agarose gel prepared
in TAE buffer (40 mM Tris, 20 mM acetate, 2 mM EDTA pH 7.0)
containing ethidium bromide (0.4 g /ml). After electrophoresis and
inspection of the gel under UV light, the agarose gel was placed in
0.25 M HCI for 30 min and rinsed in distilled water for 30 min.
Subsequently the PCR products were transferred to a nylon mem-
brane (Zeta probe, Bio-Rad Laboratories, Richman, CA, USA) by
capillary blotting in 0.4 N NaOH overnight. The membrane was
rinsed in 5xXSSC and prehybridized in 1.5 X SSPE (0.18 M sodium
chloride, 10 mM sodium phosphate pH 7.0, 1 mM EDTA), 1% SDS,
0.5% defatted milk powder (Refit, Campina, Eindhoven, The
Netherlands) and 0.5 mg/ml denatured herring sperm DNA for 3 h
at 70°C. Hybridization was performed in the same solution with the
addition of 10% dextran sulphate and 1x10° cpm/ml of a POMC
cDNA fragment (probe I, Fig 1) **P-labeled by random priming at
70°C overnight. The membranes were washed in 2xXSSC, 0.1% SDS
for 20 min at 50°C and finally in 0.1 XSSC, 1% SDS, 5 mM EDTA

for 10 min at 65°C. The membranes were exposed to X-ray film
(Kodak, X-OMAT).

Northern blot analysis

For Northern blot analysis, total RNA was denatured with gly-
oxal and DMSO in 10 mM phosphate buffer at 50°C for 60 min?'.
Subsequently samples were cooled on ice and run on 1% agarose gel
in 10 mM sodium phosphate, pH 7.0, followed by capillary blotting to
Nvlon transfer membranes (Hybond N, Amersham UK) in 20 x SSC.
The membranes were exposed to UV light (2 min) and baked at 80°C
for 2 h. Membranes were prehybridized for 3 h at 42°C in hybridiza-
tion solution containing 50 mM Tris-HCI pH 7.5, 50% formamide, |1
M NaCl, 10% dextran sulphate, 0.1 mg/ml denatured herring sperm
DNA, 0.29% BSA, 0.29% polyvinylpyrrolidon, 0.2% ficoll, 0.1% sodi-
umpyrophosphate, 1% SDS. Hybridization was performed in the
same buffer containing 1 X 10° cpm/ml of a POMC ¢cDNA fragment
(probe II and/or probe 111, Fig 1) **P-labeled by random priming.
The high stringency washing procedure included the following steps:
IXSSE 0:01% SDS; 2XSSCE 0:1% SDS. 1. X8SC0.1%:5DS:.0:2 XSSC
0.19% and 0.1 X SSC 0.1% SDS. The low stringency protocol included:
5XSSC 0.1% SDS, 2XSSC 0.1% SDS, 1XSSC 0.1% SDS. In both
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Fig. 2. PCR amplification of cDNA from total RNA of spinal cord, DRG and sciatic nerve of control rats. Total RNA was reverse transcribed
into cDNA followed by PCR using two pairs of primers: one pair of primers specific for POMC ¢cDNA resulting in an amplified POMC fragment
of the expected size of 433 bp, and one pair of primers specific for B-50 cDNA resulting in an amplified B-50 fragment of the expected size of
247 bp. The products were analysed on a 2% agarose gel stained with ethidium bromide (A) and on a Southern blot hybridized with POMC
probe I (B). Lane 1, spinal cord; lane 2, DRG; lane 3, sciatic nerve; lane 4, negative control; lane 5, hypothalamus; lane 6, pituitary; lane 7,
molecular size marker (500 wg pGEM4 cut by Hinfl). From all samples 15 il of a total of 50 xl PCR reaction mixture was loaded on the gel in
A. In B, 5 nl of a total of 50 ul PCR reaction mixture was loaded from the spinal cord, DRG and sciatic nerve and negative control samples
whereas from the positive controls 0.25 wl of a total of 50 w1 PCR reaction mixture was loaded on the gel of which the Southern blot was made.
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the high- and low-stringency protocol, each wash step was performed
for 20 min at 42°C. Blots were exposed for 2—-8 days using Kodak
X-OMAT film with an intensifying screen (Amersham UK). Prior to
reprobing, membranes were stripped by boiling in 0.01 X SSC, 0.01%
SDS for 20 min.

Probes
For the hybridization of the Northern blots two different probes
specific for POMC mRNA were used: a 139 bp rat POMC cDNA

encoding part of exon 1, encoding exon 2 and part of exon 3 (nt 73 to
263, Fig 1. probe I1) and a 206 bp rat cDNA encoding part of exon 3
(nt 345-551. Fig. 1, probe III). For the hybridization of the Southern
blot a 139 bp rat cDNA encoding part of exon 2 was used (nt
124-263) corresponding to the amplified portion of the POMC gene
but not containing the sequence of the primers used for PCR (Fig 1.
probe 1). The B-50-specific probe was an 1130 bp B-50 cDNA
isolated from clone pGBO0-°. In order to determine the relative
amount of RNA present in each lane blots were hybridized with a
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe. Label-
ing of the probe was performed with [**PJdCTP using a random
primed DNA labeling kit (Boehringer Mannheim) according to the
protocol supplied with the Kit.

RESULTS

The presence of a POMC transcript was investi-
gated by PCR in DRG (L,_,), spinal cord (T,,-L,)
and at the crush site of the sciatic nerve in control rats
and 1n rats at various times after crush (0.5 h and 6 h
and 1, 2, 4 and 14 days). Specific POMC primers
located in exon 1 (primer A) and exon 3 (primer B) of
POMC mRNA were used to amplify the POMC tran-
script. Using these two primers only full length POMC
transcripts containing exon 1, 2 and 3 will be amplified,
thus excluding the 800 nt POMC transcript. Fig. 2
shows the analysis of the PCR products amplified from
cDNA obtained from spinal cord, DRG and sciatic
nerve of control rats. A band of 433 bp, corresponding
to the expected length of the amplification product of
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Fig. 3. Northern blot analysis of total RNA from rat hypothalamus

and pituitary gland to evaluate the sensitivity of the Northern blot

procedure. The membrane was probed with POMC probe IIl and

washed to a final stringency of 0.1 XSSC, 0.1% SDS at 42°C and

exposed to Kodak X-AR film for 4 days with an intensifying screen.

Lane 1, hypothalamus (20 wg); lane 2-6, pituitary 0.5, 0.25, 0.125,
.06 and 0.03 wg total RNA.

the POMC cDNA fragment, and a band of 247 bp,
corresponding to the expected length of the amplifica-
tion product of the B-50 ¢cDNA, were observed with
ethidium bromide staining in all samples (Fig. 2A).
Southern blot analysis of the PCR products by hy-
bridization with a POMC probe I revealed a band of
433 bp in all samples (Fig. 2B), indicating specific
amplification of POMC transcripts. The amplification
product of the B-50 transcript did not hybridize with
the POMC probe.

The Northern blot analysis in Fig. 3 shows total
RNA from the rat hypothalamus and a concentration
range of total RNA from the rat pituitary in order to
test the sensitivity. As little as 0.03 wg of total RNA
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Fig. 4. Northern blot analysis of total RNA from spinal cord, DRG and sciatic nerve of control rats. The membrane was hybridized with POMC

probe III. The stringency of the final wash step was 1 X SSC, 0.1% SDS at 42°C. The membrane was exposed to Kodak X-AR films using an

intensifying screen for 2 days (A) or 8 days (B). Lane 1, spinal cord (20 wg); lane 2, DRG (20 wg); lane 3, sciatic nerve (20 wg); lane 4, pituitary (1

wg); lane S, pituitary (0.5 pg). In all tissues except the pituitary gland two faint bands corresponding to the 800 nt (arrowhead) and 1200 nt
(arrow) POMC transcript are present after long exposure. The position of the ribosomal RNA (28S and 18S) is indicated.



from rat pituitary was sufficient to produce a clearly
visible POMC signal.

Total RNA 1solated from spinal cord, DRG and the
sciatic nerves of control rats was analysed by Northern
blot analysis for the presence of the POMC transcript
using POMC probe III. This exon 3 specific probe
detects both the 800 nt and the 1200 nt POMC tran-
scripts. No POMC signal could be detected after an
exposure time of 2 days (Fig. 4A). Pituitary RNA
showed a pronounced hybridization signal of 1200 nt in
accordance with the previously reported size of rat
POMC mRNA in the pituitary gland. After an expo-
sure time of 8 days, a number of bands were detected
in all samples. One band of 1200 nt comigrated with
POMC mRNA 1n the pituitary gland and another band
of 800 nt was visible, probably representing the trun-
cated form of the POMC transcript (Fig. 4B). The fact
that these transcripts could only be visualized after an
exposure time of 8 days with the use of an intensifying
screen indicates that small amounts of POMC mRNA
are present. Since the POMC signals obtained from
total RNA samples were very weak 1t was necessary to
further confirm the identity of the 1200 nt and the 800
nt bands. Therefore poly(A*) RNA was isolated from
spinal cord from control rats. The spinal cord was
chosen because of the relatively large amounts of this
tissue that could be obtained for the RNA extraction
compared with the DRG and sciatic nerve tissue. Hy-
bridization with a mixture of POMC probe II and
POMC probe III followed by high stringency washing
conditions resulted in two distinct bands of 1200 nt and
800 nt (Fig. 5SA). The same membrane was stripped
and hybridized with POMC probe II. Only the 1200 nt
band was detected whereas the 800 nt band was not
visible (Fig. 5B).

In order to determine whether the crush lesion
affected POMC gene expression, POMC mRNA was
investigated at 0.5 h and 6 h, and 1, 2, 4, and 14 days
postlesion. No effect of the lesion on either the 433 bp
POMC-derived or the 247 bp B-50-derived bands pro-
duced by PCR from spinal cord, DRG and sciatic
nerve was found. This 1s shown in Fig. 6 for the DRG
samples. The failure to show an increase in the amplifi-
cation product for B-50, a well-known growth-associ-
ated protein, indicates that the PCR protocol used
does not allow reliable detection of quantitative differ-
ences between samples.

Using Northern blot analysis, no increase in the
1200 nt nor in the 800 nt band was observed at any of
the post-lesion time points examined after probing with
POMC probe III, indicating that the sciatic nerve crush
did not affect the expression of the POMC gene (Fig.
7A). After stripping and reprobing the Northern blot
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Fig. 5. Northern blot analysis of poly (A" ) RNA from spinal cord of
control rats hybridized with probe II and I11 (A) or with probe II (B).
The membrane was washed to a final stringency of 0.1 XSSC, 0.1%
SDS and exposed to Kodak X-AR film for 5 days with an intensifying
screen. Lane 1, poly (A™) RNA from spinal cord (20 wg); lane 2.
total RNA from pituitary (1 pg). Note the presence of two tran-
scripts (800 nt, arrowhead; 1200 nt, arrow) after probing the blot with
POMC probe II and II1 and the absence of the 800 nt band when
only probe II was used. This demonstrates that the 800 nt transcript
in the spinal cord is devoid of exon I and II of the POMC gene.

with the B-50 probe (Fig. 7B) an increase in B-50
mMRNA expression was observed in DRG after crush.
In Fig. 7C the blot 1s shown after hybridization with
GAPDH, demonstrating the amount of RNA present
in each lane. The increase in B-50 mRNA following
nerve crush 1s 1n agreement with the previously re-
ported growth associated expression of B-50 and

1234567389101

Fig. 6. PCR amplification of cDNA from total RNA of DRG at
different time points after bilateral nerve crush. Total RNA was
reverse transcribed into cDNA followed by PCR using two pairs of
primers: one pair of primers specific for POMC ¢cDNA expected to
result in an amplified POMC fragment of 433 bp, and one pair of
primers specific for B-50 cDNA expected to result in an amplified
B-50 fragment of 247 bp. The products were analysed on a 2%
agarose gel stained with ethidium bromide. Lane 1, control DRG:
lane 2-7, 0.5 h, 6 h, 1 day, 2 days, 4 days, 14 days after bilateral
sciatic nerve crush respectively; lane 8, negative control; lane 9, rat
hypothalamus; lane 10, rat pituitary; lane 11, molecular size marker
(500 g pGEM4 cut by Hinfl). From all samples, 15 wl of the 50 ul
PCR reaction mixture was loaded on gel.
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Fig. 7. Northern blot analysis of total RNA from DRG at different
timepoints after bilateral sciatic nerve crush probed with POMC
probe III at a stringency of 1XSSC, 0.1% SDS at 42°C (A), B-50
probe at a stringency of 0.1 X SSC, 0.1% SDS at 42°C (B) or GAPDH
probe at a stringency of 0.1 xXSSC, 0.1% SDS at 42°C (C). Lane 1,
DRG (20 wg) of control rats; lane 2-6, DRG (20 pg) 0.5 h, 6 h and
1. 2. and 14 days after bilateral crush of the sciatic nerve, respec-
tively, lane 7, pituitary (1 wg); lane 8, pituitary 0.5 pg). The arrow
indicates the 1200 nt and the arrowhead the 800 nt POMC transcript
in A. No increase in the 1200 nt or the 800 nt band (A) was observed
following sciatic nerve injury, whereas the expression of- the B-50

mRNA (B) increased gradually.

demonstrated that our methodology enables the detec-
tion of the increased expression of this protein.

DISCUSSION

The neurotrophic action of neuropeptides related to
a-MSH has been demonstrated in terms of enhanced
functional and morphological recovery following a pe-
ripheral nerve crush®*®°. In addition, these peptides
also exert a beneficial effect in animal models of a
variety of neuropathies including cisplatin, acrylamide
and diabetic neuropathies'>*’?". Here we have exam-
ined whether upregulation of the gene coding for
POMC, the prohormone of a-MSH and ACTH, 1s part
of en endogenous series of events set in motion In a
nerve following injury. The results presented in this
paper demonstrate that (1) two POMC transcripts, 800
nt and 1200 nt in size, are expressed in minute quanti-
ties in spinal cord, DRG and in the sciatic nerve of
non-lesioned adult control rats, and (2) the expression
of these two POMC transcripts 1s not increased follow-

ing a nerve crush lesion. Since POMC gene expression
remains unchanged following a nerve crush we con-
clude that the upregulation of POMC-gene expression
is not part of the repertoire of events that occur in a
nerve following injury. The data suggest that nerve
injury will not contribute to the formation of a-MSH
or related peptides in an injured nerve through en-
hanced POMC gene expression.

Using two primer sets, one designed to detect POMC
and one specific for B-50, amplification products of the
predicted size were detected in DRG, spinal cord and
in the sciatic nerve. The correct size of the POMC
product and the specific hybridization to a POMC
probe convincingly demonstrate POMC mRNA expres-
sion in these tissues. In view of the extreme sensitivity
of the PCR method, the problem of contamination
between samples resulting in false positive amplifica-
tion has been given great attention'’-°. Using precau-
tions as described in the methods, we never observed a
signal in a negative control sample. Thus we are conti-
dent that the POMC signal in spinal cord, DRG and
the sciatic nerve represents real POMC mRNA and
cannot be due to cross contamination between pitu-
itary and neuronal samples. Northern blot analysis
support the conclusion that a full-length POMC mRNA
exists in DRG@G, spinal cord and sciatic nerve.

A disadvantage of the PCR method used 1s that it
does not allow reliable detection of quantitative difter-
ences between samples®™. In our hands this is illus-
trated by the absence of an increase in B-50 PCR
signal in DRG samples following sciatic nerve crush,
whereas on Northern blots such an increase was visible
(compare Fig. 6 to Fig. 7B). It i1s widely accepted that
the expression of B-50 is increased in injured periph-
eral neurons>!. Hence, in order to determine the
relative levels of POMC gene expression in damaged
nerve we used Northern blot analysis. Differential hy-
bridization of the two observed POMC-transcripts to
probes specifically directed against exon 1 and 2 or
directed to exon 3 of POMC demonstrates that: (1) the
long transcript represents the full length POMC mRNA
as found in the pituitary gland and (2) the short tran-
script is a truncated form of POMC mRNA containing
a large portion of exon 3 as has been described In
other peripheral tissues such as testis'®. The expression
of neither the long nor the short POMC transcript was
upregulated following injury, whereas B-50 mRNA lev-
els increased substantially as expected. The extensive
timecourse of investigation, ranging from 0.5 h to 14
days following crush, virtually excludes that we have
missed a transient increase in POMC expression occur-
ring during very early or at relatively late stages of the
repair process.



a-MSH and B-endorphin immunoreactivity has been
found at the neuromuscular junctions in the soleus and
extensor digitorum longus muscles and in the distal
stump 1n normal adult' rats following sciatic nerve
transection'®. Moreover, Edwards et al.!” have shown
with a bioassay for a-MSH that a-MSH-like bioactive
material 1s present in degenerating nerve stumps. Dur-
ing the development of the rat spinal cord POMC
mRNA and POMC-derived neuropeptides were shown
to be expressed transiently from E13-E15 days’ gesta-
tion* suggesting a specific role for POMC in the devel-
opment of the peripheral nervous system. Further-
more, 1mmunocytochemical evidence of enhanced
amounts of @-MSH 1n the motoneurones of mice with
inherited motoneurone disease’ or muscular dys-
trophy '?, conditions in which the maturation of the
endplates 1s delayed into adulthood and continued
formation of new neuromuscular junctions is an ongo-
Ing process, suggest that enhanced production of
melanocortins 1s associated with stages of active axonal
growth. However, the current findings establish that
upregulation of POMC gene expression does not occur
In the neurons of the damaged sciatic nerve nor locally
in  proliferating Schwann cells or in infiltrating
mononuclear blood cells at the site of the nerve
crush>!'”2%2395 Thus the previously demonstrated in-
duction of POMC-related immunoreactivity in dam-
aged nerves 1S not due to increased POMC mRNA
levels. Although we were not able to show an increase
iIn POMC gene expression, we cannot exclude the
possibility that there is increased production of biologi-
cally active peptides caused by (1) a more efficient
translation of the low levels of POMC mRNA present
in both neuronal cell bodies and non-neuronal cells at
the crush site after crush or (2) altered precursor
processing. However Verhaagen et al. have not been
able to detect a-MSH 1n crushed peripheral nerve with
a radioimmunoassay>. Therefore we favour the view
that the previously shown immunoreactive a-MSH-like
material in peripheral nerve 1s unrelated to POMC and
could represent crossreactivity of a-MSH antibodies
with either NF150 or with an yet unidentified molecule
that share a common epitope with a-MSH*.
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