
Proc. Natl. Acad. Sci. USA
Vol. 90, pp. 2557-2558, April 1993

Commentary

A central role for ciliary neurotrophic factor?
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The study of the molecular basis of neu-
rotrophic interactions has progressed by
leaps and bounds in recent years with the
discovery of several novel neurotrophic
factors belonging to the nerve growth
factor (NGF) family of neurotrophins (1),
the identification of the trk family of
protooncogenes as receptors for the neu-
rotrophins (2), and the solving of the
long-elusive crystal structure ofNGF (3).
Equally exciting has been progress in
research on cdliary neurotrophic factor
(CNTF), its purification and cloning (4,
5), and the identification of its receptor as
a member of a "neural" cytokine family
of receptors (6). Most recently, in re-
search reported by Ip et al. (7) and by
Clatterbuck, Price, and Koliatsos in the
previous issue of the Proceedings (8),
much impetus has been added for con-
sidering the sites of action of CNTF-
previously thought to be primarily in the
periphery-to include the central ner-
vous system.
The existence of CNTF was originally

inferred from the ability ofeye and sciatic
nerve extracts to support the survival of
parasympathetic neurons of the ciliary
ganglion, which innervate the iris (for
review, see ref. 9). Its subsequent puri-
fication and cloning identified CNTF as
molecularly distinct from the neurotro-
phins and "traditional" growth factors
such as the fibroblast growth factors. The
identification of the a receptor for CNTF
as a relative of the interleukin 6 a recep-
tor indicated that CNTF might, instead,
belong to the cytokine family of factors
(6). Indeed, subsequent analysis of sim-
ilarities in secondary and tertiary struc-
ture strongly suggested that CNTF is part
of a subfamily of hematopoietic cyto-
kines that includes interleukin 6, granu-
locyte colony-stimulating factor, onco-
statin M, and, notably, leukemia inhibi-
tory factor (LIF; also known as
cholinergic differentiation factor, or
CDF) (10). This and the great degree of
overlap between the cellular targets and
effects of CNTF and LIF/CDF have led
to the consideration of CNTF and CDF/
LIF as "neurokines" or "neuropoietic"
factors (11, 12). Much of this overlap
results from the sharing of two signal-
transducing receptor subunits, gpl3O and
the LIF 13 receptor, by CNTF and LIF/
CDF (7, 13-15).

The isolation of the a receptor for
CNTF provides a powerful tool with
which to identify cells that are potentially
responsive to CNTF. Ip et al. (7) have
used this approach to identify neurons in
the nervous system that express the
CNTF receptor by using Northern anal-
ysis and in situ hybridization. As ex-
pected, peripheral targets such as the
ciliary, dorsal root, and sympathetic gan-
glia that had previously been shown to
contain CNTF-responsive neurons did
indeed express the CNTF a receptor. In
the central nervous system, lower motor
neurons, whose survival is supported by
CNTF (16, 17), showed strong expres-
sion of the CNTF receptor. Surprisingly,
expression was also found in many other
regions of the central nervous system,
including the neocortex (in layer V), the
hippocampus, the thalamus, the subep-
endymal zone of the lateral ventricle, the
substantia nigra pars reticula, and several
brainstem nuclei. In all of these regions,
expression was found exclusively in neu-
rons.
The particularly high level of expres-

sion of CNTF receptor found in the an-
terior nuclei of the thalamus correlates
well with the findings ofClatterbuck et al.
(8). In these experiments, the degenera-
tion of neurons in the anterodorsal (AD)
and anteroventral (AV) thalamic nuclei
was induced by the transection of their
axonal projections to the cingulate and
retrosplenial cortex via the cingulum
bundle, providing a model for "retro-
grade" degeneration of central neurons.
Such degeneration of neurons is thought
to occur through the deprivation of
trophic factors normally provided in a
retrograde fashion by axonal projections.
Rescue of axotomized neurons is well
documented for cholinergic neurons of
the basal forebrain nuclei-both NGF
(18, 19) and brain-derived neurotrophic
factor (20) can prevent the degeneration
of these neurons after fimbrial transec-
tion of their projections to the hippocam-
pus. CNTF has also been shown to pre-
vent the degeneration of medial septal
neurons after such lesions; its effect, in
fact, is broader and not limited to cho-
linergic neurons (21).
Could the degeneration of thalamic

neurons be similarly prevented by
trophic factors such as CNTF? In control
experiments, axotomy led to the degen-

eration of 56% (AD) and 75% (AV) of the
neurons in the anterior thalamic nuclei.
Provision of CNTF to the anterior thal-
amus, through implantation of a minios-
motic pump, reduced the losses of neu-
rons in the anterior nuclei to 20% (AD)
and 34% (AV). Clatterbuck et al. (8)
further presented evidence for the mo-
lecular basis of the trophic action of
CNTF, using PCR analysis to demon-
strate the expression of CNTF receptor
mRNA in the anterior thalamus, and the
expression of CNTF in the retrosplenial
cortex. Whether other neurotrophic fac-
tors can support the survival of the axot-
omized thalamic neurons in these exper-
iments remains to be tested.
These and other experiments are be-

ginning to implicate CNTF in the trophic
support of a broad range of peripheral
and central neurons, broader, in fact,
than that of the neurotrophins. Particu-
larly intriguing is the strong expression of
CNTF receptor in both upper and lower
motor neurons and other regions in-
volved in motor system function (7).
However, many uncertainties remain
concerning the trophic action of CNTF.
For example, in what cells is CNTF nor-
mally produced, and how is its release
regulated? In the periphery, very high
levels of CNTF are found in the cyto-
plasm of Schwann cells, but there is little
evidence of its release. The primary
structure of CNTF shows that it lacks a
signal sequence, suggesting that it cannot
be secreted through conventional path-
ways; cell culture and transfection exper-
iments have not demonstrated the release
of CNTF (see ref. 9 for review). CNTF
shares this property with the fibroblast
growth factors, which also do not contain
signal sequences. Thus, it has been sug-
gested that the trophic role of CNTF is
primarily pathophysiological-namely,
that CNTF is released only upon nerve
injury that causes the rupture of Schwann
cells. Release of CNTF can, in fact, be
detected after nerve (9) and central ner-
vous system (22) injury, and application
of CNTF to nerve stumps supports the
survival of denervated motor neurons
(17).

Nevertheless, the experiments re-
viewed here add to a growing body of
evidence that CNTF is important for the
normal development and functioning of
the nervous system (9). That CNTF

2557



Proc. Natl. Acad. Sci. USA 90 (1993)

seems not to be a "classical" target-
derived neurotrophic factor suggests that
our notions of neurotrophic support and
regulation may have to be revised (1, 23).
Indeed, neurotrophins such as NGF and
brain-derived neurotrophic factor appear
to be much more than "survival" factors;
they play important roles in the differen-
tiation ofneurons and in the maintenance
of their phenotype in maturity (24). Sim-
ilarly, CNTF has been shown to be a
differentiation factor as well as a survival
factor, with the ability, for example, to
induce the differentiation of 0-2A pro-
genitor cells into type-2 astrocytes (25)
and to promote the differentiation of
sympathetic neurons and their precur-
sors (13, 26-28). Findings such as these
emphasize the multiplicity of neuro-
trophic regulatory pathways that operate
in development and in the adult that are
critical for the continual regulation of
neuronal function and connectivity.

I would like to thank Drs. Andy Goodearl
and Nancy Ip for their very helpful comments.
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