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magnetic properties must be found that
can be processed next to metal layers at
relatively low temperatures (<900°C), with
little or no chemical interaction that would
degrade properties.

The technical problems presented by mi-
crowave materials pose rich scientific chal-
lenges to the materials science community.
Depending on the operating frequency and ap-
plication—base station infrastructure or hand-
held device—materials with a wide range of
dielectric and magnetic properties are needed,
all with improved performance at lower cost.
As engineers develop new concepts and de-
signs for tomorrow’s communication systems,
they will be relying on progress in understand-
ing and controlling these materials.
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A Glial Spin on Neurotrophins

Barbara L. Hempstead and James L. Salzer

rounds the axons of neurons enables
the efficient and rapid propagation of
action potentials, which is essential for the
smooth operation of the vertebrate nervous
system. The myelin sheath is produced by
nonneuronal glial cells: Schwann cells in the
peripheral nervous system (PNS) and oligo-
dendrocytes in the central nervous system
(CNS). During development, glial cells and
neurons depend on each other for survival
and differentiation. Among the most dramat-
ic but least understood of these cell-cell in-
teractions are those initiating the formation
of myelin. Myelination involves striking
changes in the differentiation and morpholo-
gy of glial cells (see the figure). In addition,
axons regulate the myelination program of
glia during development through a combina-
tion of positive and negative signals (/).
These still-mysterious signals ensure that
myelination is restricted to specific types of
axons and is switched on at the appropriate
time. On page 1245 of this issue, Cosgaya et
al. (2) report that nerve growth factors called
neurotrophins are emerging as both positive
and negative modulators of myelination. In
particular, they show that the p75 neu-
rotrophin receptor positively regulates myeli-
nation by Schwann cells in the PNS.
In earlier work, Cosgaya and colleagues
described the opposing effects of neu-
rotrophins on myelination (3). They showed

The membranous myelin sheath that sur-
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that addition of brain-derived neurotrophic
factor (BDNF) to cocultures of Schwann
cells and neurons, or injecting BDNF next
to the developing sciatic nerve promoted
myelination; in contrast, neurotrophin-3
(NT3) inhibited myelination in both sets of
experiments. Interestingly, BDNF, but not
NT3, persisted at significant levels in the
cocultures through the onset of myelination,
suggesting that this neurotrophin serves as
a promyelinating signal. These findings are
strikingly similar to those of another study
showing that BDNF 1is a paracrine signal
that promotes the differentiation of avian
Schwann cells cocultured with neurons, and
that NT3 is inhibitory (4). This study also
revealed that neurons, rather than glial cells,
are the major source of BDNF (4).
Neurotrophins mediate their effects by
binding to two classes of receptor: the Trk
receptor tyrosine kinases and the p75 recep-
tor, a member of the tumor necrosis factor
receptor superfamily that binds to all neu-
rotrophins. Nerve growth factor (NGF),
BDNF, and NT3 bind selectively to TrkA,
TrkB, and TrkC receptors, respectively;
truncated forms of each of these Trk recep-
tors also exist (5). Both Schwann cells and
neurons express neurotrophin receptors, and
so neurotrophins may act on glial cells ei-
ther directly or indirectly (through modula-
tion of the myelination signals from axons).
The neurons used in the Cosgaya et al.
study (2) were dependent on NGF for their
survival but not on BDNF or NT3, suggest-
ing that BDNF and NT3 regulate myelina-
tion through direct effects on Schwann cells.
Schwann cells express p75 during devel-
opment, prior to myelination, as well as ki-
nase-active TrkC and kinase-inactive, trun-

cated isoforms of TrkB and TrkC (6). Cos-

gaya et al. now demonstrate that p75 medi-

ates the myelin-promoting effect of BDNF

and that kinase-active TrkC transduces the

myelin-inhibitory effect of NT3 (2). Thus,

antibodies to p75, but not antibodies to

TrkB, blocked the myelin-promoting effect

of BDNF; pharmacological inhibition of
Trk kinase activity blocked the ability of
NT3 to inhibit myelination. Peripheral

nerves of mice deficient in p75 are hypo-

myelinated and, as Cosgaya et al. show (2),

are unresponsive to the myelin-promoting

effects of BDNF. Because p75 is rapidly

down-regulated at the onset of myelination

(1), p75 is likely to promote the initial ax-

on-glial interactions that precede, and are

required for, myelination rather than myeli-

nation itself (see the figure). Among these

early events are Schwann cell migration

along and initial ensheathment of axons,

both of which are impaired in p75-deficient

mice (7). These findings also imply that

p75-dependent effects reflect the activity of
the p75 receptor expressed by Schwann

cells and not that expressed by axons. How-

ever, to distinguish between these two possi- -
bilities, it will be necessary to analyze nerves

from mice lacking p75 only in Schwann

cells, or to culture Schwann cells from p75-

deficient mice with wild-type neurons.

What downstream signaling molecules
might distinguish the myelin-promoting
effects of BDNF-induced p75 activation
from the myelin-inhibitory effects of
NT3-induced TrkC activation? Because
p75 and Trk receptors use many unique in-
tracellular signaling pathways (5, §),
Schwann cells may interpret the effects of
local neurotrophin ligands through differ-
ential receptor binding and activation. The
pathways downstream of the Trk receptors
are well characterized, and further analysis
should provide new insights into the nega-
tive regulation of myelination (5). Elucidat-
ing how activation of p75 promotes myeli-
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nation will be more challenging. In their
new work, Cosgaya et al. demonstrate that
binding of BDNF to p75 induces myelina-
tion, whereas NT3 and NGF (which bind
to p75 with equivalent affinity) have no ef-
fect. How might p75 differentiate between
these highly related ligands to mediate dis-
tinct biological outcomes? Binding of dif-
ferent neurotrophins to p75 could poten-
tially induce unique conformational
changes in p75, leading to differential sig-
naling. Alternatively, BDNF may activate
receptor complexes composed of p75 and
truncated TrkB receptors. Such complexes
could induce signaling cascades that are
distinct from those induced by clustering
of p75 receptors alone via NT3 or NGF
(8). Distinct biological actions of p75 in a
complex with a truncated Trk receptor have
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been suggested by studies of neocortical
subplate neurons and neural crest cells.
Further investigations to delineate the
downstream effectors of p75 should help to
elucidate the signaling events associated
with myelination, which are poorly under-
stood. One candidate is the transcription
factor NF-xB, which is an important regu-
lator of Schwann cell myelination and can
be activated by binding of ligand to p75
(9). The p75 receptor has also been impli-
cated in control of RhoA activity and as-
sembly of the actin cytoskeleton (10).

The neurotrophins are likely to modulate
myelination in both the PNS and CNS, al-
though they do not appear to be essential.
Thus, the effects of BDNF on myelination
are most pronounced with short-term treat-
ment and over time become less striking (2).

Premyelination
BDNF

¥ BDNF
¥ p75
+»NT3

BDNF
n< tp75
BDNFQ + NT3

BDNFQ

All wrapped up. (A) Neurotrophin receptors and signaling. The p75 receptor, either alone or in
conjunction with a truncated TrkB receptor, is expressed in the Schwann cell membrane. Here, p75
transduces a promyelinating signal from the neurotrophin BDNF, or regulates survival of Schwann
cells. TrkC receptors, which specifically bind to NT3, inhibit myelination via signaling pathways de-
pendent on kinase activation. Just before the onset of myelination during development, NT3 levels
diminish, thus relieving the block on myelination. BDNF persists and promotes myelination by
binding to the p75 receptors expressed by Schwann cells. BDNF is likely to be released by neurons,
although Schwann cells are a potential additional source. (B) In the mature nerve, p75 continues
to be expressed by nonmyelinating Schwann cells but not by myelinating Schwann cells; both
BDNF and NT3 levels decrease, and Trk receptors are minimally expressed. (C) After nerve injury,
the axons and myelin sheaths of neurons degenerate. There is a dramatic increase in the expres-
sion of p75 by Schwann cells in the distal stump but a minimal change in the expression of Trk re-
ceptors. Schwann cells increase their expression of BDNF and decrease their expression of NT3
(which may be autocrine signals regulating Schwann cell survival and differentiation).
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In addition, although most BDNF-deficient
mice die perinatally, myelin appears to form
normally in the PNS of the occasional animal
that survives for several weeks (11). Interest-
ingly, BDNF-deficient mice exhibit marked
hypomyelination in the CNS, findings origi-
nally interpreted as secondary to a reduction
in the size of CNS axons (/7). In light of the
new work, it is possible that BDNF directly
affects oligodendrocytes in the CNS as they
also express both p75 and truncated Trk re-
ceptors. That both BDNF and NT3 promote
myelination by oligodendrocytes is suggested
by their combined effects on oligodendrocyte-
neuron cocultures (/2) and in experimental
models of spinal cord injury (/3).

In addition to its importance during de-
velopment, p75 is likely to be a primary
player in the repair of nerve injury because
it is rapidly up-regulated in Schwann cells
following axon transection (6). The func-
tional significance of this injury response
has long been obscure. The findings of
Cosgaya et al. (2) suggest that reexpression
of p75 by Schwann cells after injury could
promote remyelination of regenerating
nerve fibers. Consistent with this, BDNF
increases after injury but NT3 decreases
(6). Recent studies also demonstrate that
supplementary BDNF enhances remyelina-
tion of regenerating nerve fibers (14).

Following injury, the p75 receptor may
have a second job: to promote the pro-
grammed cell death of Schwann cells de-
prived of neuronal trophic support (15).
There is a similar induction of p75 expres-
sion in oligodendrocytes following spinal
cord injury, together with an increase in a
newly described ligand for p75, the precur-
sor form of NGF (pro-NGF) (16). Pro-NGF
selectively binds to and activates p75, but
not Trk receptors (7). It also effectively in-
duces apoptosis of oligodendrocytes that
express p75 (16). Further analysis of the
cell-specific and temporal induction of neu-
rotrophin isoforms, and their receptors, will
be needed to clarify their role in the injury
response in both the PNS and CNS. In-
ducible and cell-specific gene targeting will
be useful strategies to distinguish between
axonal and glial effects of neurotrophin-
modulated survival and differentiation.

The new work extends the list of remark-
ably diverse tasks that neurotrophins and their
receptors carry out during development. Neu-
rotrophins now may be viewed more correctly
as paracrine signals that mediate bidirectional
signaling between neurons and the glia that
ensheath them, rather than as factors that act
on neurons alone. The new findings are likely
to prompt a reexamination of the pathology of
mice in which neurotrophins and their recep-
tors have been ablated, and may provide new
therapeutic opportunities for treating myelin
and peripheral nerve disorders.
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A Poisoned Chalice?

I. Nick McCave

the Holy Grail, marine geologists
search for areas with high sedimenta-
tion rates, because only cores drilled in these
areas can provide high-resolution records of
past climate. But on page 1224 of this issue,
Ohkouchi et al. (1) show that this Grail

Like King Arthur’s knights searching for

is presumed to be static once it has landed
on the seafloor. It is a mixture of sand-
sized (>63 um diameter) components,
mainly shells of foraminifera, and fine
particles (<63 um diameter), mainly dust
and the detritus of phytoplankton. The
fine particles form aggregates and sink

bearing pelagic signals may be increased
by laterally transported material that does
not carry a temperature or other signal of
interest. In areas where current-controlled
rapid deposition creates sediment drifts,
foraminifera are quickly buried and hence
relatively immobile, providing good time
markers. This scenario is envisaged, ne-
glecting the likely mobility of the fine par-
ticles, when records are interpreted as
though they were pelagic, with high reso-
lution conferred by added sediment. The
laterally transported material comprises

may be a poisoned chalice.
High sedimentation
rates—ideally, 50 to 100 cm
per 1000 years—are neces-
sary for high resolution be-
cause most marine sediments
are mixed by bottom-
dwelling organisms on a scale
of a few centimeters. In the
North Atlantic, average rates
are about 2 to 4 cm per 1000
years away from continental
margins (2), and about 10 cm
per 1000 years on continental
margins. In the North Pacific,
they are even lower (less than
1 cm per 1000 years). High
sedimentation rates are thus
anomalous. The question is
whether cores with anoma-
lous rates of deposition are
also anomalous in other

clay (<2 um diameter) and
silt (2 to 63 um diameter)
carried in suspension.
y The third scenario is the
4 same as the second, but fo-
' cuses attention on the proper-
ties of the laterally supplied
silt and clay. These fine ma-
terials may carry information
on their source or on how
vigorous the bottom flow is.
The pelagic input then pro-
vides material on which to
base stratigraphy and infer-
ence of age. (Reprehensibly,
many paleoceanographers
simply throw the fine mate-
rial away!) In most sediment
drifts, the third scenario is
correct—the lateral input is
not signal-free-—neverthe-
less, the first two scenarios

30°N

ways—for example, in the
climatic signals they contain.
Of course, one person’s
anomaly is another’s signal.
Whether a core is interpret-
ed correctly depends on
which assumptions are
made with regard to the sed-
imentation process. We can
envisage three main scenar-
ios for sediment deposition.
First, material sinking to the seafloor
may consist entirely of material from the
upper ocean, comprising both biological
material and wind-blown dust. In such a
pelagic (upper ocean) setting, the material
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Sediment transport at Bermuda rise. The fine plumes of turbidity currents
(gray) from the Laurentian fan (LF) are entrained by deep-ocean flows (blue lines)
and trapped in regions of recirculation (pale blue areas) (74). Material eroded by
storms from the eastern Grand Banks may be carried to Bermuda Rise by the
North Atlantic Deep Water (NADW) (thick blue arrow). Resuspension from the up-
per continental margin of Nova Scotia and the northern United States feeds into
the recirculating gyre and may find its way to Bermuda Rise, especially when sea
levels are low during glacial periods. The core of Ohkouchi et al. (7) (black spot)
lies under the NADW, in the recirculation and near the turbidity current flow path.
WBUC, Western Boundary Undercurrent.

rapidly to the seafloor, where they fall
apart. This scenario applies to most of the
deep ocean (away from continental bound-
aries), where bottom sediments reflect the
material leaving the upper ocean and its
processes and properties. However, sedi-
mentation rates are extremely low, so this
is not where Grail hunters go.

Second, the thickness of the sediments

are often assumed for inter-
pretation (3).

Ohkouchi et al. (1)
demonstrate elegantly the
interpretative pitfall in as-
suming the second scenario
when the third applies. They
show that at the same level
in their sediment core from
Bermuda Rise, the radiocar-
bon ages of unsaturated
alkenones [fine-grained organic com-
pounds synthesized by plankton in the up-
per ocean from which estimates of sea sur-
face temperature (SST) are obtained]
greatly exceed those of foraminifera (7).

Keigwin has argued that the foraminifera
at this location show SST changes associat-
ed with the Little Ice Age (late 15th to late
19th century AD) (4). If the first or second
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