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Ciliary neurotrophic factor receptor o (CNTFRa) is essential for
normal embryonic development and may be involved in post-
natal and adult neuronal maintenance. In addition, a rapidly
growing body of evidence suggests that CNTFR« serves as a
site of action for future growth factor therapeutics capable of
treating a wide variety of disorders resulting from neuronal loss.
We raised two polyclonal, anti-CNTFRa antisera against syn-
thetic peptides corresponding to independent regions of rat
CNTFRa. Western blot and immunohistochemical analyses in-
dicated that affinity-purified preparations of both antisera spe-
cifically recognize CNTFRe. In the adult brain, the highest levels
of CNTFR« immunoreactivity were found in the perikarya, den-
drites and, occasionally, the axons of several distinct classes of

neurons including hippocampal formation neurons, some sen-
sory neurons, and many neurons involved in motor control.
CNTFR« immunoreactivity also was concentrated in the follow-
ing: perikarya, dendrites, and axons of ventral horn motor
neurons in adult spinal cord; perikarya and axons of adult
dorsal root ganglion neurons; and axons in adult peripheral
nerve. In embryonic tissue, the highest levels of CNTFRa im-
munoreactivity were observed in differentiating neurons and
their processes. Therefore, the present data suggest that
CNTFRa serves several diverse functions in adulthood and
during development.
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The in vitro and in vivo actions of ciliary neurotrophic factor
(CNTF) suggest that endogenous CNTF plays a role in nervous
system development and maintenance and that exogenously ad-
ministered CNTF may be able to clinically reduce neuronal loss
resulting from a wide variety of traumatic and genetic lesions.
Thus, CNTF influences the in vitro survival, proliferation, and
differentiation of many cell types (for review, see Ip and Yanco-
poulos, 1992; Richardson, 1994). In vivo, CNTF induces motor
neuron sprouting (Gurney et al., 1992), reduces the naturally
occurring, developmentally associated death of spinal motor neu-
rons (Oppenheim et al., 1991), reduces the death of intermedio-
lateral column spinal cord neurons after adrenal medulla removal
(Blottner et al., 1989), decreases muscle atrophy and potentiates
nerve regeneration after peripheral nerve lesion (Helgren et al,,
1992; Sahenk et al., 1994), and decreases the axotomy-induced
death of neurons in the facial nucleus [Sendtner et al., 1990 (but
see also Clatterbuck et al., 1994)], thalamus (Clatterbuck et al,,
1993), medial septum (Hagg et al., 1992), substantia nigra (Hagg
and Varon, 1993), and retina (Mey and Thanos, 1993). In addi-
tion, CNTF administration has been shown to slow the develop-
ment of behavioral and anatomical defects associated with three
genetic mouse models of human motor neuron disease (Helgren
et al., 1992; Sendtner et al., 1992; Mitsumoto et al., 1994a) and
arrest the development of these symptoms in one model when
coadministered with brain-derived neurotrophic factor (BDNF)
(Mitsumoto et al., 1994b).
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Evidence from molecular cloning, heterologous expression, and
cross-linking studies indicates that CNTF produces most, and
possibly all, of its effects by binding to a protein referred to as
CNTF receptor a (CNTFRa) (Davis et al., 1991, 1993a,b; Ip et al.,
1992, 1993; Baumann et al, 1993; Huber et al., 1993). The
CNTF-CNTFRa complex, in combination with two transmem-
brane proteins [leukemia-inhibitory growth factor receptor B
(LIFRB) and gp130] and associated Janus kinases, initiates a
series of intracellular tyrosine phosphorylations that ultimately
lead to changes in gene expression (Ip et al., 1992, 1993; Bonni et
al., 1993; Davis et al., 1993b; Stahl et al., 1993, 1995; Boulton et
al., 1994; Stahl and Yancopoulos, 1994).

Recent research indicates that CNTFRa« plays an essential role
in development in that genetic disruption (“knock-out”) of the
CNTFRa gene in mice leads to death shortly after birth accom-
panied by a variety of developmental defects (Stahl and Yanco-
poulos, 1994). Given that CNTF is expressed at very low levels
during embryonic development (Sendtner et al., 1994) and knock-
out of the CNTF gene does not affect embryonic development
noticeably (Masu et al., 1993), the CNTFRa knock-out data
strongly suggest that an as yet unidentified CNTF-like ligand(s)
activates CNTFRa during this stage of ontogeny.

Northern blot studies have shown that CNTFRa mRNA is
restricted primarily to neuronal cell lines and nervous system
tissues from the early stages of nervous system development to
adulthood (Davis et al.,, 1991; Ip et al., 1993; MacLennan et al.,
1994). An in situ hybridization study has demonstrated that
CNTFR«a mRNA is found in neurons in many regions of the
developing and adult nervous systems, with some regions and cell
types displaying relatively elevated levels of expression (Ip et al.,
1993). The expression of CNTFRa« protein in the nervous system
has been examined in a Western blot experiment that detected
CNTFRea in some regions of the adult and postnatal brain (Kirsch
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and Hofmann, 1994). However, despite the essential role of
CNTFRa in development and its potential as a pharmacological
site of action for therapeutics, the current literature provides no
information regarding the cellular and subcellular pattern of in
vivo CNTFRa expression.

This report describes the generation and characterization of
anti-CNTFRe antisera and the immunohistochemical localization
of CNTFRu in the adult and embryonic nervous systems.

MATERIALS AND METHODS

Antibody production. Three peptides (peptide 1, NH,-TQKHSPQEAPH-
VQYER-COOH; peptide 2, NH,-RRLEVTWQTPSTWPDPES-COOH;
peptide 3, NH,-WTEWPRHLTTEAQAPE-COOH) corresponding to po-
tentially antigenic and exposed regions of rat CNTFRe« that are not homol-
ogous to any other known proteins, with the exception of human CNTFRa,
were conjugated individually to keyhole limpet hemocyanin by incubation in
12.5% glutaraldehyde for 1 hr at room temperature. Conjugates were ex-
tensively dialyzed against PBS (7 mm Na,HPO,, 3 mm NaH,PO,, and 130
mM NaCl) and emulsified with Freund’s adjuvant before injection into
female New Zealand White rabbits (three rabbits/conjugate). Subcutaneous
injections of ~0.5 wmol of conjugated peptide were performed on a biweekly
schedule. The first injection contained complete adjuvant, whereas ail sub-
sequent injections contained incomplete adjuvant. Serum samples were
collected 10 d after each injection, and antibody production was evaluated by
ELISA. Antisera were affinity-purified with Sepharose-4B columns contain-
ing the corresponding antigen peptides conjugated to ovalbumin. Briefly,
antisera were diluted in PBS and loaded on the columns, which then were
extensively washed (15 column volumes) with PBS. Purified antisera were
cluted in fractions with 0.1 M glycine, pH 2.5, immediately neutralized with
1.0 M Tris, pH 8.0, dialyzed against PBS, and stored at —80°C with the
addition of 2.5 mm sodium azide. ELISA analysis of the purified antisera
demonstrated that in each case the antisera recognized the appropriate
peptide but did not recognize ovalbumin. The purified antisera were used in
immunohistochemistry and Western blot experiments at concentrations cor-
responding to 1:500-1:1000 dilutions of the unpurified antisera.

Western blot analysis. Rat C6 glioma cells were cultured in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine serum (FBS). Rat
PC12 pheochromocytoma cells were cultured in RPMI 1640 media with
10% horse serum and 5% FBS according to standard procedures (Greene
et al., 1991). Cells at 50-80% confluence were rinsed three times (while
anchored to plates) with serum-free media, incubated at 37°C in Opti-
MEM 1 media (Bethesda Research Labs, Bethesda, MD) for 3 hr,
homogenized in SDS buffer (70 mm Tris, 0.5 mm ethylenediaminetetra-
acetate, 80 mm SDS, 1.0 mm phenylmethyl sulfonyl fluoride, 10 pg/ml
aprotinin, and 10 pg/ml leupeptin), pH 6.8, incubated with agitation at
4°C for 30 min, and spun at 150,000 X g for 15 min. Tissue harvested from
adult brain regions was homogenized immediately in the SDS buffer,
incubated with agitation at 4°C for 2 hr, and spun at 150,000 X g for 30
min. Solubilized proteins (~10 pg of protein/lane) were boiled for 3 min
in SDS loading buffer, iced, separated on a 4-15% gradient polyacryl-
amide gel, and transferred to nitrocellulose membranes. The membranes
were Ponceau-stained afterward to confirm equal loading and transfer of
proteins. After destaining, the membranes were incubated for 1 hr in
blocking buffer (20 mm Tris, 150 mm NaCl, 0.1% Tween 20, and 5%
powdered nonfat milk), pH 7.4, followed by a 1 hr incubation in the same
solution with affinity-purified anti-CNTFR« antiserum. The blots then
were washed three times (10 min each time) in blocking buffer, incubated
for 1 hr in a 1:2000 dilution of secondary antibody (ECL kit, Amersham,
Arlington Heights, IL) in blocking buffer, washed for 10 min in blocking
buffer, washed five times (5 min each time) in 20 mm Tris, 150 mm NaCl,
pH 7.4 and, finally, processed with enhanced chemiluminescence reagents
according to the manufacturer’s instructions and exposed to film.

Immunohistochemistry. Long-Evans embryonic day 13 (E13), E14, E16,
and E18 rat embryos (E1, day after insemination) were fixed in 4%
p-formaldehyde/0.1 M phosphate buffer, pH 7.2, for various lengths of
time from 2 hr to overnight at 4°C and transferred to 15% sucrose/0.1 m
phosphate buffer, pH 7.2, containing 2.5 mM sodium azide for at least 24
hr at 4°C before sectioning. Adult tissues were removed from Long-
Evans male rats after perfusion with 4% p-formaldehyde/0.1 M phosphate
buffer, pH 7.2, and incubated at 4°C in the sucrose solution for at least 24
hr before sectioning.

Thirty micron free-floating sections of the embryos and brains were
incubated sequentially at room temperature in 0.3% H,O, in methanol for
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30 min, in PBS, pH 7.2, for 30 min, in PBS containing 0.4% Triton X-100 for
30 min, in PBS for 15 min, and in blocking solution {PBS, 0.3% Triton X-100,
0.03% bovine serum albumin (BSA), 10% normal goat serum] for 1 hr. The
sections were incubated subsequently for 3 d at 4°C in PBS, 0.3% Triton
X-100, 0.03% BSA, 2% normal goat serum, and affinity-purified anti-
CNTFRa antisera. They then were incubated sequentially at room temper-
ature in the following: PBS twice (30 min each time); PBS containing
biotinylated secondary antibody, 0.3% Triton X-100, 0.03% BSA, and 2%
normal goat serum for 1 hr; and PBS twice (30 min each time) before
staining with the avidin-biotin-peroxidase method (ABC elite kit, Vector
Laboratories, Burlingame, CA) using 3,3'-diaminobenzidine as a substrate
and nickel ammonium sulfate as an enhancer. All observations are based on
examination of tissue from at least three rats.

RESULTS

Production, purification, and characterization of
antisera that recognize CNTFR« in tissue sections

Nine rabbits were injected on a biweekly schedule with one of
three 16-18 mer synthetic peptides corresponding to nonoverlap-
ping segments of rat CNTFRa (see Materials and Methods).
ELISA analyses of resulting antisera indicated that antibody titers
increased progressively such that all antisera harvested after in-
jection 6 and later recognized appropriate antigen peptides at
maximum antisera dilutions ranging from 1:15,000 to 1:50,000.
After purification by affinity chromatography on columns contain-
ing antigen peptide, the antisera were screened immunohisto-
chemically to determine whether any contained antibodies that
potentially recognize CNTFRe in tissue sections. These initial
experiments were conducted with sections of E14 rat embryos and
adult rat brains. The results indicated that one of the antisera
raised against peptide 1 (antiserum “1Y”") and one of the antisera
raised against peptide 3 (antiserum “3X”) produced cellular la-
beling consistent with reported CNTFRa Northern and in situ
hybridization data as well as with the effects of CNTF in vitro and
in vivo (Davis et al., 1991; Ip et al., 1993; MacLennan et al., 1994;
Richardson, 1994). No labeling was detected when the primary
antibodies were omitted from the procedure.

Western blot studies with the 1Y and 3X antisera indicated that
both antisera selectively recognize a protein species that migrates
with an apparent molecular weight of 78 kDa (Fig. 1), although 3X
is significantly more effective than 1Y. The size of the recognized
protein is consistent with a selective detection of CNTFR« by both
antisera given that cross-linking studies estimate CNTFR« to be ~80
kDa (Huber et al., 1993; Stahl et al., 1993). Furthermore, the antisera
detect the ~78 kDa protein in adult brain regions and rat PC12
pheochromocytoma cells, both of which express CNTFRae mRNA
(Davis et al., 1991; Ip et al., 1993; MacLennan et al., 1994) but do not
detect the ~78 kDa protein in rat C6 glioma cells, which do not
express CNTFRa mRNA (MacLennan et al., 1994). In addition, the
~78 kDa band was absent when primary antibody was preincubated
with antigen peptide and when blots were probed without primary
antibody or with preimmune sera (data not shown). The antibodies
also detected minor species between 66 and 45 kDa in PC12 cell
lysates. We suspect that these species are proteolytic degradation
products of CNTFRe, because the labeling is similarly blocked by
antigen preincubation of primary antibody, is dependent on primary
antibody, and is absent in preimmune sera controls (data not shown).

Our subsequent immunohistochemical studies with the 3X and
1Y antisera (see below) produced two key results indicating that
the antisera recognize CNTFRe in tissue sections. First, the
antisera, raised against two independent sequences of CNTFRa,
labeled the same cells and subcellular regions although, in a
manner similar to their actions in Western blot experiments, 3X
generally produced a more intense signal than 1Y. Second, pre-
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Figure 1. Western blot characterization of anti-CNTFRe antisera 3X and 1Y. The 3X antiserum recognizes an ~78 kDa protein, equivalent to the
estimated size of CNTFRa, in adult brain, e.g., neocortex (lane 1) and hippocampus (lane 2) and PC12 cells (lane 6), all of which express CNTFRa mRNA,
but not C6 cells (lane 7), which lack CNTFRa mRNA. The 1Y antiserum is significantly less effective but similarly detects an ~78 kDa protein in adult
brain, e.g., neocortex (lane 3) and PCI2 cells (lane 4), but not C6 cells (lane 5). Both antisera also recognize a minor, smaller species in PC12 cells that

may represent a degraded form of CNTFRa.

incubation of the antisera with their corresponding antigen pep-
tides (i.e., overnight at 4°C with 30 um peptide) specifically
blocked antisera labeling, whereas preincubation with equal con-
centrations of nonantigen peptides did not block labeling (Figs.
24-D, 4D,E, 5C-F) (note double-dissociation of peptide-blocking
activities demonstrated in Fig. 24-D).

CNTFRa expression in the adult brain

The 3X and 1Y antisera were used to map immunohistochemi-
cally the expression of CNTFRe in the adult brain. Labeling
appeared to be confined to cells of neuronal morphology and
absent from all glial cells with most, and possibly all, neurons
displaying at least low levels of immunoreactivity. However, the
labeling reliably was most intense in several distinct classes of
neurons (Table 1). In the neocortex, the perikarya and dendrites
of layer five pyramidal neurons displayed elevated levels of
CNTFRa immunoreactivity (Fig. 2G,H). A similar level of immu-
noreactivity was detected in the granule cells of the dentate gyrus
and the perikarya and apical dendrites of hippocampal pyramidal
cells and neurons in the subiculum (Fig. 2F). The perikarya and
dendrites of neurons in the piriform cortex and the perikarya as
well as principal and accessory dendrites of olfactory bulb mitral
cells also were densely immunoreactive as was neuropil occupying
the entire olfactory bulb external plexiform layer (Fig. 2I). In
addition, elevated levels of CNTFRa immunoreactivity were de-
tected in the perikarya and dendrites of cerebellar Purkinje cells
(Fig. 24-D), pontine reticular neurons, gigantocellular reticular
neurons (Fig. 34, B), and neurons of the paraventricular hypotha-
lamic nucleus, anterior thalamic nuclei, and red nucleus (Fig. 2F).
Finally, several cranial nerve nuclei were densely immunoreactive.
Specifically, the oculomotor, trochlear, mesencephalic and motor
trigeminal, abducens, facial, vestibular complex, ambiguus, dorsal
efferent of vagus, and hypoglossal nuclei contained high levels of
CNTFR« immunoreactivity (Figs. 2E, 3B-F). This labeling was
located in the neuronal perikarya, dendrites and, in many cases,
associated neuropil and identified exiting nerve roots. In notable
contrast, the nucleus solitarious and the cochlear, principal sen-
sory, and spinal trigeminal nuclei displayed, at most, low levels of
CNTFRa immunoreactivity.

CNTFRa expression in the adult spinal cord, dorsal
root ganglion, peripheral nerve, and muscle

CNTFRa immunohistochemistry revealed scattered neurons
throughout the gray matter of the adult spinal cord that were mod-
erately immunoreactive and ventral horn motor neuron soma and

dendrites that were densely labeled (Fig. 44,B). In addition, high
levels of immunoreactivity were detected in neuropil and emanating
fibers of the intermediolateral column, axons emanating from ventral
horn motor neurons, neuropil surrounding these neurons, and the
ascending and descending tracts of the spinal cord (Fig. 44,B).

CNTFRe immunoreactivity also was detected in the perikarya
and axons of apparently all dorsal root ganglion (DRG) neurons
(Fig. 4F). However, the intensity of the labeling varied greatly
among individual neurons such that weakly or moderately labeled
perikarya frequently were found adjacent to very intensely labeled
perikarya. The axons of peripheral (sciatic) nerve also were
CNTFRa-immunoreactive (Fig. 4D,E), as might be expected
given the immunoreactivity detected in axons of DRG neurons
and ventral horn motor neurons. CNTFR« immunoreactivity was
not detected in glial cells of the spinal cord and DRG or Schwann
cells of the sciatic nerve. Finally, muscle (soleus) fibers were
moderately to weakly immunoreactive (Fig. 4C).

CNTFRa expression in the embryonic nervous system
Immunohistochemical analysis of E13, E14, E16, and E18 rat
embryos revealed substantial CNTFRa expression in the embry-
onic nervous system. Throughout the developmental period ex-
amined, CNTFRa immunoreactivity was found at the highest
levels in the soma and processes of differentiating neurons. These
included neurons in the DRG, ventral horn and intermediolateral
column of the spinal cord, sympathetic ganglia, and developing
brainstem nuclei (Figs. 5, 6). Low levels of labeling also were
observed in neuronal precursor cells bordering the ventricles of
the brain and spinal cord (Figs. 5, 6). No CNTFR« immunoreac-
tivity was detected in peripheral organs.

DISCUSSION

In the work described here, two anti-CNTFR antisera were raised,
affinity-purified, characterized, and used as probes in the immuno-
histochemical mapping of CNTFRa expression in the adult and
embryonic nervous systems. The specificity of the antibodies was
verified by several critical results. First, both antisera recognized
specifically a protein species in Western blot experiments that mi-
grates at a rate equivalent to that of CNTFRe. Second, the antisera
detected this protein species in brain and PC12 cells, which express
CNTFRa mRNA, but not in C6 cells, which lack CNTFRa mRNA.
Third, the antisera, although raised against completely independent
CNTFRa peptides, both produced the same patterns of immunohis-
tochemical labeling, Finally, the immunohistochemical labeling by
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Figure 2. Immunohistochemical localization of CNTFRe in adult rat brain, A-D, Cerebellar cortex molecular (#1), Purkinje cell (p), and granular (g)
layers probed with either anti-CNTFRa antiserum 1Y (4, B) or anti-CNTFRa antiserum 3X (C, D) that was preincubated with CNTFRa peptide 1 (B,
C) or CNTFRa peptide 3 (4, D). E, Mesencephalic trigeminal nuclei (solid arrows), oculomotor nuclei (open arrow), and red nuclei (arrowheads) labeled
with antiserum 1Y. F, CAl-subiculum (feft and right, respectively) transitional region probed with antiserum 3X. 7, H, Neocortex probed with antiserum

1Y (G) or antiserum 3X (H). I, Olfactory bulb mitral cells (e.g., arrow) and external plexiform layer labeled with antiserum 3X. All sections are coronal.
Scale bar: A-D, 120 um; E, G, H, 240 pm; F, I, 60 pm.
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Figure 3. Immunohistochemical localization of CNTFR« in adult rat brainstem. 4, Gigantocellular reticular neurons and ascending facial nucleus fibers.
B, Gigantocellular reticular neurons (e.g., arrowhead), facial nucleus (open arrow), accessory facial nucleus (solid arrow), and ascending fibers. C, Motor
trigeminal nucleus (solid arrow) and mesencephalic trigeminal nucleus and tract (open arrow). D, Higher magnification of B. E, Mesencephalic trigeminal
nucleus and tract. F, Hypoglossal nuclei (e.g., &) and their exiting fibers (solid arrows), nucleus ambiguus (arrowhead), and exiting fibers of the dorsal
efferent nucleus of vagus (open arrow). All sections were probed with anti-CNTFRe antiserum 3X. Scale bar: 4, D, 120 um; B, C, F, 240 pm; E, 60 pm.
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Figure 4. Tmmunohistochemical localization of adult CNTFRa expression outside the brain. 4, Ventral horn motor neuron soma (e.g., solid arrows) and
their axons {open arrows) in a transverse spinal cord section. B, Transverse section of spinal cord with intermediolateral columns indicated by arrowheads,
C, Soleus muscle fibers. D, E, Longitudinal sections of adult peripheral (sciatic) nerve probed with antiserum 3X that was preincubated with either peptide
1 (D) or peptide 3 (E) (i.e., the antigen). F, DRG. All sections were probed with antiserum 3X. Scale bar: 4, C, 60 pm; B, F, 120 um; D, E, 240 pm.
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Figure 5. Embryonic CNTFRa expression. A, Oblique section with E13 pontine neuroepithelium as well as differentiating pontine neurons and their fibers
including commissural fibers (solid arrow) probed with antiserum 3X. B, Transverse section with E16 ventral horn spinal cord motor neurons (solid arrow), dorsal
root entry zones (arrowhead ), DRGs (open arrow), and spinal nerve fibers probed with antiserum 3X. C, D, Transverse sections of E14 rat embryos probed with
antiserum 3X that was preincubated with either peptide 2 (C) or peptide 3 (D) (i.e., the antigen); symbols designate same structures as in B. E, F, Sagittal sections
of E14 rat embryos probed with antiserum 3X that was preincubated with either peptide 2 (E) or peptide 3 (F) (i.e., the antigen); the arrowhead and open arrow
designate the same structures as in B; the solid arrows designate fibers associated with sympathetic ganglia. Scale bar: A, 60 pm; B, E, F, 480 um; C, D, 240 pm.




628 J. Neurosci., January 15, 1996, 16(2).621-630

Figure 6. Embryonic CNTFRa expres-
sion. A, E14 rat nervous system including
DRG (open arrow) and developing brain-
stem nuclei (solid arrow) in a sagittal sec-
tion. B, E16 sympathetic ganglion neu-
rons. C, Transverse section of E16 spinal
cord with intermediolateral column neu-
rons indicated by an arrowhead (ventral
surface at bottom). D, Transverse section
of E18 spinal cord with ventral horn mo-
tor neurons (solid arrow) and DRG (open
arrow). E, Oblique section of E18 brain-
stem with facial nucleus (solid arrow). All
sections were probed with antiserum 3X.
Scale bar: 4, E, 240 um; B, 30 um; C, 60
pm; D, 120 pm.

the antisera was blocked specifically by preincubation of each anti-
serum with antigen peptide.

The development of antisera that recognize CNTFRa in tissue
sections made it possible to determine the in situ expression
pattern of CNTFRa protein. Moreover, the immunohistochemi-
cal techniques enabled us to map sites of CNTFR« expression
and, therefore, potential sites of CNTFRa in vivo function at a
subcellular level of resolution.

Our results generally are consistent with the one reported
anatomical study of CNTFRa mRNA expression (Ip et al., 1993).
For instance, this in situ hybridization study found at least low
levels of CNTFRa mRNA throughout the brain in neurons but
not glia. Regions displaying prominent CNTFRa mRNA labeling
included ventral horn motor neurons, the hippocampal pyramidal
cell layer, the dentate gyrus granule cells, the subiculum, layer five
of the neocortex, and the facial nucleus. A few regions, such as the
substantia nigra pars reticulata, displayed prominent CNTFRa
mRNA labeling but only moderate to low CNTFR« immunore-
activity in the present study. These discrepancies may result from
regional variations in CNTFRa mRNA translation or CNTFRa
stability. It also is possible that the discrepancies reflect the
movement of CNTFR« from CNTFRa-synthesizing cells to cells
that do not synthesize CNTFRa. Thus, recent studies have sug-
gested that CNTFRa is released from cells in vivo after digestion
of its glycosyl-phosphatidylinositol linkage to the cellular mem-
brane and subsequently forms functional CNTF receptors by
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interacting with the LIFRB and gp130 of cells that do not express
CNTFRa (Davis et al., 1993a).

The in situ hybridization study also detected relatively high
levels of CNTFRa mRNA in embryonic, neuronal precursors. In
contrast, we detected only low levels of CNTFRa immunoreac-
tivity in these cells. Although this difference also may result from
variations in CNTFRa mRNA translation or CNTFR« stability, it
also is possible that it reflects a temporal difference in the expres-
sion of CNTFRa mRNA compared to CNTFR« protein. Thus,
before their differentiation, neuronal precursors may begin to
express higher levels of CNTFRa mRNA that are not completely
translated into CNTFRa protein and processed until the cells
have begun to migrate and differentiate.

It is noteworthy that many of the cell types containing the
highest levels of CNTFRea immunoreactivity in the adult nervous
system participate in motor functions. Thus, the ventral horn
motor neurons, neocortical pyramidal cells, cerebellar Purkinje
cells, pontine reticular neurons, gigantocellular reticular neurons,
and neurons of the red nucleus and motor cranial nerve nuclei are
intimately involved in motor control. These data, in combination
with previous studies of the effects of CNTF on motor neurons
(Sendtner et al., 1990, 1992; Oppenheim et al., 1991; Mitsumoto
et al., 1994b), suggest that CNTFRa« signal transduction plays an
in vivo maintenance role for several classes of motor system
neurons. The data also reveal many potential sites of therapeutic
action for exogenously administered CNTF, which has been
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Table 1. Summary of cell types expressing elevated levels of CNTFRa
immunoreactivity :

Location Relative labeling®
Adult brain
Olfactory bulb mitral cells ++
Neocortical layer 5 pyramidal cells ++
Hippocampal formation
Pyramidal cells ++
Granule cells +
Subiculum neurons ++
Piriform cortex pyramidal cells ++
Paraventricular hypothalamic nucleus +
Anterior thalamic nuclet +
Red nucleus ++
Pontine reticular neurons ++
Gigantocellular reticular neurons ++
Cerebellar Purkinje cells ++
Cranial nerve nuclei
Oculomotor +
Trochlear +
Mesencephalic ++
Motor trigeminal ++
Abducens +
Facial ++
Vestibular complex ++
Ambiguus ++
Dorsal efferent of vagus +
Hypoglossal ++
Adult spinal cord
Ventral horn motor neurons ++
A subset of other neurons +
Intermediolateral neurons
(Soma) +
(Surrounding neuropil) ++
Adult dorsal root ganglion neurons low to ++
Adult muscle (soleus) low to +
Embryonic nervous system (E13 to
E18)
Differentiating brain neurons
(Soma) +to ++
(Processes) ++
Ventral horn neurons ++
Intermediolateral neurons ++
Dorsal root ganglia neurons low to ++
Sympathetic ganglia neurons + to ++

“+, Significantly elevated labeling compared with low levels present in apparently all
neurons; ++, intensely labeled.

shown to reduce behavioral symptoms in genetic mouse models of
motor diseases (Sendtner et al., 1992; Mitsumoto et al., 1994a,b)
and is hoped to serve eventually as at least a component of
pharmacological therapies for human motor diseases (Hefti, 1994;
Lindsay et al., 1994; Sendtner et al., 1994).

The dense CNTFR« immunoreactivity in neurons of the mesen-
cephalic trigeminal nuclei, vestibular complex nuclei, olfactory bulb,
and DRG suggests that CNTFRa« signal transduction is involved in
this subset of sensory systems. This pattern of CNTFR« expression,
in conjunction with the effects of CNTF on sensory neurons (Mey
and Thanos, 1993; Richardson, 1994), also supports the possibility
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that exogenously administered CNTF may attenuate or arrest
disease-induced loss of these sensory neurons.

CNTFRe« immunoreactivity also was detected outside of sen-
sory and motor systems. The widespread, low-level CNTFR«
immunoreactivity found in many classes of neurons implies that a
wide variety of neurons in some way depends on CNTFRa. The
intense CNTFRa immunoreactivity associated with neurons in
the hippocampal formation suggests that CNTFRa contributes to
normal hippocampal function. The role of CNTFRe in the hip-
pocampus may involve neuronal maintenance, as suggested by in
vitro studies (Ip et al., 1991) and the recent in vivo demonstration
that exogenous CNTF administration reduces ischemia-induced
loss of hippocampal neurons (Wen et al., 1995).

The present localization of CNTFRa to peripheral nerve axons
clearly is consistent with the demonstration that CNTF can be
transported retrogradely by these axons (Curtis et al., 1993). In
addition to any such participation in target-derived trophic sup-
port mechanisms, the axonal CNTFRa also may be available
immediately to interact with any Schwann cell CNTF released by
peripheral nerve lesion. The CNTFRa thereby may contribute to
peripheral nerve regeneration responses as previously proposed
(Thoenen, 1991).

In many of the neurons displaying dense CNTFRo immunore-
activity, much of the immunoreactivity was localized to dendritic
regions that frequently were significant distances from the cell
soma. In addition, most of the immunoreactive cranial nerve
neurons as well as the ventral horn motor neurons were sur-
rounded with densely immunoreactive fibers and neuropil. This
subcellular distribution of CNTFR« appears to be incompatible
with a view of CNTFRa as a neurotrophic factor receptor in-
volved exclusively in survival-promoting signal transduction initi-
ated by retrograde axonal transport of target- or lesion-derived
growth factors. However, recent studies indicate that neurotro-
phic factors can serve a wide range of functions in addition to their
target-derived, survival-promoting actions (Korsching, 1993;
Snider, 1994; Acheson et al., 1995). For example, CNTF has been
shown to regulate neurotransmitter release acutely by acting (pre-
sumably on CNTFRa) at the cell body level (Stoop and Poo,
1995). Therefore, the dendritic CNTFR« presently identified may
participate in a variety of somatic signaling events involving CNTF
or CNTF-like ligands.

The present examination of CNTFRa« expression during em-
bryonic nervous system development revealed relatively high
levels of CNTFRea immunoreactivity in apparently all differen-
tiating neurons and many of their axons. As noted above,
genetic “knock-out” studies indicate that CNTFRa plays an
essential role(s) during embryogenesis but is unlikely to be
activated by CNTF during this period. Presumably, other en-
dogenous ligands similar to CNTF initiate embryonic CNTFRa
signal transduction. Such ligands may be related to, or may be
species homologs of, chicken growth-promoting activity (Eck-
enstein et al., 1990), which is structurally similar to CNTF,
expressed embryonically, released in active form, and displays
similar, but not identical, receptor-binding characteristics to
those of CNTF (Leung et al., 1992; Heller et al., 1993). The
pattern of embryonic CNTFR« expression described here and
results from previous in vitro and in vivo studies of the effects
of CNTF on embryonic neurons (Richardson, 1994) combine to
suggest that CNTFR« regulates embryonic neuronal survival
and differentiation, including target innervation.
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