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Axotomy inreases CNTF receptor mRNA in rat spinal cord
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In order to study the role of ciliary neurotrophic factor (CNTF) and its receptor (CNTF-R) in the response of spinal cord neurons to axotomy, we
measured the levels of CNTF mRNA in nerve and CNTF-R mRNA in spinal cord following transection of sciatic nerve, using reverse
transcriptase PCR. We found CNTF mRNA levels in the nerve fell and that CNTF-R mRNA levels in spinal cord increased at both 1 and 7 days

following transection.

Ciliary neurotrophic factor (CNTF) was initially
characterized by its ability to support the survival of
chick ciliary ganglion cells in vitro!*!!. Subsequently,
high amounts of bioactive polypeptide were isolated
from the sciatic nerve®!%?!, which has proven to be the
richest natural source of the polypeptide. In addition
to its activity on ciliary ganglion cells, CNTF has been
shown to promote the survival of, and neurite out-
growth from, certain sensory and sympathetic neurons®
and the survival of motor neurons’ in vitro. In vivo
CNTF can rescue chick motor neurons from pro-
grammed cell death'?, prevent the axotomy-induced
death of immature rat facial nucleus motor neurons’®,
and prevent the degeneration or loss of motor neurons
of the phrenic nerve and facial motor nuclei in the
pmn /pmn mouse, a model of spinal motor neuron
disease'’.

The role of CNTF in adult rat sciatic nerve, where it
is present in high concentrations, remains obscure. The
gene for CNTF has been cloned®®, but lacks the
concensus leader sequence that would be required for
extracellular release of the trophic factor. Unlike nerve
growth factor (NGF), whose expression is increased in
peripheral nerve following axotomy®, CNTF mRNA
and polypeptide levels fall in distal nerve following
axotomy >3, although there is conflicting evidence re-

garding the persistence of immunoreactive and bioac-
tive CNTF in the distal nerve'®.

More recently, the receptor for CNTF has been
identified!® and its gene cloned®. Unlike the family of
NGF receptors, the CNTF receptor lacks a transmem-
brane domain and is anchored to the membrane via a
glycosylphosphatidylinositol linkage, similar to the fam-
ily of interleukin-6 receptors ’. The polypeptide binds
CNTEF, although other components may be required to
mediate a functional response in the cell. CNTF recep-
tors are present in spinal cord neurons in the ventral
horn of spinal cord, as demonstrated by in situ hybridi-
zation’?.

In order to explore the possibility that CNTF is
involved in the maintenance of normal neuronal in-
tegrity and perhaps in the response of neurons to
peripheral axotomy, we felt it would be fruitful to
explore the response of neuronal CNTF-R mRNA to
peripheral axotomy. Increases in CNTF-R mRNA in
response to axotomy would suggest that the cell is
responding to a loss of CNTF by upregulation of
CNTF-R production and therefore support a biological
activity for the receptor in the normal state.

The experiments were performed on male (Brown
Norway X Fisher 344) F1 hybrid rats, 2—-4 months old
and weighing 450-600 g. The animals were anes-

Correspondence: D.J. Fink, Department of Neurology (11G), 2215 Fuller Road, Ann Arbor, MI 48105, USA. Fax: (1) (313) 761-7489.



thetized with chloral hydrate, the sciatic nerve exposed
in the gluteal region, cut, and the severed ends reat-
tached with 10-0 ethilon suture. Control rats were
anesthetized and the nerve exposed but not cut. 1 day
or 7 days after operation, the animals were sacrificed
by decapitation and the nerve distal to the ligature and
the spinal cord in the region of the lumbar bulge were
removed, washed in cold phosphate buffered saline
(PBS) and frozen in liquid nitrogen.

Frozen nerves were pulverized under liquid nitrogen
using a mortar and pestle, and then suspended in
either 2 ml of lysate buffer (10 mM EDTA, 0.5% SDS)
or 2 ml of Tri Reagent™ (Molecular Research Center)
and homogenized. Spinal cord was sliced into 2-3 mm
segments and the region of the ventral horn removed
using a 1.0 mm diameter neuro-punch (Fine Science
Tools), washed once with cold ethanol, and resus-
pended in Tri-Reagent. Total RNA was extracted ei-
ther by the modified SDS-EDTA method?, or, for the
later samples, using Tri Reagent™ according to the
manufacturer’s protocol. Total RNA samples were re-
dissolved in RNAse-free water and the amount of
specific mRNA determined by reverse transcriptase
polymerase chain reaction (:T-PCR).

Aliquots of the total isolated RNA (200 ng for
CNTF, 500 ng for CNTF-R, and 500 ng for GAPDH)
were incubated at 64°C in 20 wl reaction volume con-
taining 1 X rTth reverse transcriptase buffer (10 mM
Tris-HCI, 90 mM KCl, pH 8.3), 1 mM MnCl, 200 uM
dNTPs, 5 units rTth DNA polymerase (Perkin Elmer
Cetus) and 1.5 uM downstream (3’) primer, for 5 min
and then chilled on ice. The ¢cDNA produced was
amplified by adding the PCR reaction mixture directly
to the reverse transciption tube to yield final concen-
trations of 1 X PCR buffer, 50 uM dNTPs, 2 mM
MgCl,, 0.4 pM upstream (5') primer, 5 units of rTth
DNA polymerase and [a-3*P]-dCTP (5 uCi/assay) in a
final volume of 100 1. Amplification at 95°C for 1 min
and 60°C for 1 min was carried out for 35 cycles.

For quantitative analysis, 10 u1 aliquots of the CNTF
and CNTF-R PCR products were separated on 5%
polyacrylamide gels and autoradiographed for 10-30
min. The method was quantitative over a range of 32
ng to 1 ug of mRNA (Fig. 1). GAPDH PCR products
were separated on agarose gels and stained with ethid-
ium bromide.

The PCR primers (synthesized at the UM DNA
facility) employed were: CNTF 5’ primer: 5-CTT TCG
CAG AGC AAA CACCTC-3; CNTF 3’ primer: 5-ACT
GTG AGA GCT CTT GAA GGA C-3; CNTF-R 5’
primer: 5-CTT GGA GAG CAT CTG GTG GT-3,
CNTF-R 3’ primer: 5-TTG GGG TAA GTG TTG
GAA CGG-3; GAPDH 5’ primer: 5-ACC CCT TCA
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Fig. 1. Signal from reverse transcriptase PCR (‘T-PCR) of CNTF-R

mRNA is proportional to the amount of total RNA over a wide

range of input RNA. Lane 1, 31 ng; lane 2, 62.5 ng; lane 3, 125 ng;

lane 4, 250 ng; lane 5, 500 ng; lane 6,1 ug. rT-PCR was carried out
with 32 P-labeled nucleotides as described in text.

TTG ACC TCA ACT A-3; and GAPDH 3’ primer:
5-ATT GGG GGT AGG AAC ACG GAA-3. The
amplified sequences correspond to residues 5-502
(CNTF)-26-369 (CNTF-R), 97-710 (GAPDH) in the
cDNA sequences.

CNTF mRNA was found in the nerve, but not in
ventral horn of spinal cord. CNTF-R mRNA was found
in ventral horn of spinal cord but not in the nerve. The
amount of CNTF mRNA in the nerve, and the amount
of CNTF-R mRNA in spinal cord was therefore deter-
mined at 1 day and 7 day after nerve transection.

In agreement with previously reported results, using
Northern blot techniques>'?, CNTF mRNA levels de-
termined by rT-PCR were reduced in the distal nerve
after cut. The reduction began by 1 day, and CNTF
mRNA was virtually undetectable by 7 days after nerve
transection (Fig. 2).

In contrast, the amount of CNTF-R mRNA in spinal
cord was increased at 1 day after transection, and at 7
days after transection (Fig. 3).

To control for the amount of RNA used for the first
step of the rT-PCR reaction, similar reactions were run
with primers specific for GAPDH, a housekeeping
enzyme whose level of expression does not change
under a variety of experimental manipulations. The
amount of GAPDH message was relatively constant
across all the conditions (Figs. 4 and 5) and the minor
variations found do not account for the dramatic alter-
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Fig. 2. CNTF mRNA in nerve at 1 day and 7 days following cut,
determined by rT-PCR. The results from three different animals at
each time point are shown (N, normal nerve; C, cut nerve).
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Fig. 3. CNTF-R mRNA in samples punched from ventral horn of

spinal cord 1 day and 7 days after nerve cut, determined by rT-PCR.

Results from three different animals at each time point are shown
(N, normal; C, cut).

- . .-

ations in the amount of CNTF mRNA in nerve or
CNTF-R mRNA in spinal cord.

The role of CNTF in the support of neurons in the
mature nervous system has not been established. The
in vitro data reviewed above suggests that the polypep-
tide has neurotrophic activity in vitro. However, the
absence of a leader sequence in the gene®? has raised
questions about whether the polypeptide could be re-
leased to function like the better characterized nerve
growth factor (NGF) in the peripheral nervous system.
Sendtner et al.'® found immunohistochemical evidence
of signficant amounts of extracellular CNTF in the
distal sciatic nerve after a lesion, although mRNA
levels were reduced to less than 5% of normal and
CNTF bioactivity was only one third of pre-lesion
levels. Others have demonstrated only a marked reduc-
tion in CNTF mRNA and protein after lesion®!*. While
one group has demonstrated immunocytochemical
staining of intraaxonal CNTF in sciatic nerve'®, others
have failed to identify intraaxonal CNTF?>.
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Fig. 4 GAPDH determined from the same nerve mRNA samples as
shown in Fig. 2. Ethidium bromide stained gel. As in Fig. 2, lanes 1,
3 and 5 are from normal nerve and lanes 2, 4 and 6 from cut nerve.
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Fig. 5. GAPDH determined from the same spinal cord mRNA

samples as shown in Fig. 3. Ethidium bromide stained gel. As in Fig.

3, lanes 1, 3 and 5 are from normal, and lanes 2, 4 and 6 from cut
animals.

Nonetheless, the upregulation of CNTF-R mRNA
following axotomy supports the suggestion, expressed
by Ip et al.® that the intact peripheral nerve may serve
as a reservoir for trophic factors. As those authors have
noted previously, neuronal survival following axotomy
is proportional to the size of the remaining axon; the
number of neurons that die increase when the axotomy
is nearer to the cell body?2. In this model, the increase
in CNTF-R mRNA represents the efforts of those cells
to maximize the benefit of CNTF produced by Schwann
cells along the remaining axon proximal to the cut.
Because the PCR primers employed in this study am-
plify a region of the CNTF-R mRNA sequence which
codes for the polypeptide that binds CNTF, but the
CNTF-R, like the related family of interleukin recep-
tors, may require a second cell surface component to
mediate a functional response, future experiments will
be aimed at determining whether cell specific CNTF-R
expression correlates with cell survival in the spinal
cord.
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