
 

 

 

 

 

RAIN 

MOUNTING EVIDENCE 
SUGGESTS THAT GLIAL 
CELLS, OVERLOOKED FOR 
HALF A CENTURY, MAY BE 
NEARLY AS  CRITICAL TO 
THINKING AND LEARNING AS 
NEURONS ARE  

By R.Douglas Fields 

GLIAL CELLS [red] outnumber neurons nine to one in 
the brain and the rest of the nervous system. 

The recent book Driving Mr. Albert tells the true story of pathologist 
Thomas Harvey, who performed the autopsy of Albert Einstein in 
1955. After finishing his task, Harvey irreverently took Einstein's 
brain home, where he kept it floating in a plastic container for the next 
40 years. From time to time Harvey doled out small brain slices to sci-
entists and pseudoscientists around the world who probed the tissue 
for clues to Einstein's genius. But when Harvey reached his 80s, he 
placed what was left of the brain in the trunk of his Buick Skylark and 
embarked on a road trip across the country to return it to Einstein's 
granddaughter. 

One of the respected scientists who examined sections of the 
prized brain was Marian C. Diamond of the University of California at 
Berkeley. She found nothing unusual about the number or size of its 
neurons (nerve cells). But in the association cortex, responsible for high-
level cognition, she did discover a surprisingly large number of 
nonneuronal cells known as glia—a much greater concentration than 
that found in the average Albert's head. 

An odd curiosity? Perhaps not. A growing body of evidence sug-
gests that glial cells play a far more important role than historically 
presumed. For decades, physiologists focused on neurons as the 
brain's prime communicators. Glia, even though they outnumber 
nerve cells nine to one, were thought to have only a maintenance role: 
bringing nutrients from blood vessels to neurons, maintaining a 
healthy balance of ions in the brain, and warding off pathogens that 
evaded the immune system. Propped up by glia, neurons were free to 
communicate across tiny contact points called synapses and to establish 
a web of connections that allow us to think, remember and jump for 
joy. 

That long-held model of brain function could change dramati-
cally if new findings about glia pan out. In the past several years, sen-
sitive imaging tests have shown that neurons and glia engage in a 
two-way dialogue from embryonic development through old age. 
Glia influence the formation of synapses and help to determine which 
neural connections get stronger or weaker over time; such changes 
are essential to learning and to storing long-term memories. And the 
most recent work shows that glia also communicate among them-
selves, in a separate but parallel network to the neural network, in-
fluencing how well the brain performs. Neuroscientists are cautious 
about assigning new prominence to glia too quickly, yet they are ex-
cited by the prospect that more than half the brain has gone largely 
unexplored and may contain a trove of information about how the 
mind works. 

See Me, 
THE MENTAL PICTURE most people have of our nervous system 
resembles a tangle of wires that connect neurons. Each neuron has a 
long, outstretched branch—an axon—that carries electrical signals to 
buds at its end. Each bud emits neurotransmitters—chemical mes-
senger molecules—across a short synaptic gap to a twiglike receptor, or 
dendrite, on an adjacent neuron. But packed around the neurons and 
axons is a diverse population of glial cells. By the time of Einstein's death, 
neuroscientists suspected that glial cells might contribute to information 
processing, but convincing evidence eluded them. They eventually 
demoted glia, and research on these cells slid into the backwater of 
science for a long time. 
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Astrocyte glia 
activate distant 
neurons to help 
form memories. 

Neuroscientists failed to detect signaling 
among glia, partly because they had insufficient 
analytical technology but primarily because 
they were looking in the wrong place. They in-
correctly assumed that if glia could chatter they 
would use the same electrical mode of com-
munication seen in neurons. That is, they 
would generate electrical impulses called action 
potentials that would ultimately cause the cells 
to release neurotransmitters across synapses, 
igniting more impulses in other neurons. In-
vestigators did discover that glia had many of 
the same voltage-sensitive ion channels that 
generate electrical signals in axons, but they 
surmised that these channels merely allowed 
glia to sense indirectly the level of activity of ad-
jacent neurons. They found that glial cells 
lacked the membrane properties required to ac-
tually propagate their own action potentials. 
What they missed, and what advanced imaging 
techniques have now revealed, is that glia rely 
on chemical signals instead of electrical ones to 
convey messages. 

Valuable insights into how glia detect neu-
ronal activity emerged by the mid-1990s, after 
neuroscientists established that glia had a va-
riety of receptors on their membranes that 
could respond to a range of chemicals, including, 
in some cases, neurotransmitters. This discovery 
suggested that glia might communicate using 
chemical signals that neurons did not 
recognize and at times might react directly to 
neurotransmitters emitted by neurons. 

To prove such assertions, scientists first had 
to show that glia actually do "listen in" on neu-
ronal communication and take action based on 
what they "hear." Earlier work indicated that 
an influx of calcium into glial cells could be a 
sign that they had been stimulated. Based on 
that notion, investigators devised a laboratory 
method called calcium imaging to see whether 
glial cells known as terminal Schwann cells— 
which surround synapses where nerves meet 
muscle cells—were sensitive to neuronal signals 
emitted at these junctions. The method con-
firmed that Schwann cells, at least, did respond 
to synaptic firing and that the reaction involved 
an influx of calcium ions into the cells. 

But were glia limited only to eavesdropping 
on neuronal activity, by scavenging traces of 
neurotransmitter leaking from a synapse? 
More general-function Schwann cells also sur-
round axons all along nerves in the body, not 
just at synapses, and oligodendrocyte glia cells 
wrap around axons in the central nervous system 
(brain and spinal cord). At my National Institutes 
of Health lab, we wanted to know if glia could 
monitor neural activity anywhere as it flowed 
through axons in neural circuits. If so, how was 
that communication mediated? More important, 
how exactly would glia be affected by what 
they heard? 

To find answers, we cultured sensory neu-
rons (dorsal root ganglion, or DRG, cells) 
from mice in special lab dishes equipped with 
electrodes that would enable us to trigger ac-
tion potentials in the axons. We added Schwann 
cells to some cultures and oligodendrocytes to 
others. 

We needed to tap independently into the ac-
tivity of the axons and the glia to determine if 
the latter were detecting the axon messages. We 
used a calcium-imaging technique to record vi-
sually what the cells were doing, introducing 
dye that fluoresces if it binds to calcium ions. 
When an axon fires, voltage-sensitive ion chan-
nels in the neuron's membrane open, allowing 
calcium ions to enter. We would therefore ex-
pect to see the firing as a flash of green fluores-
cence lighting up the entire neuron from the in-
side. As the concentration of calcium rose in a 
cell, the fluorescence would get brighter. The 
intensity could be measured by a photomulti-
plier tube, and images of the glowing cells 
could be digitized and displayed in pseudocolor 
on a monitor in real time—looking something 
like the radar images of rainstorms shown on 
weather reports. If glial cells heard the neu- 

  

 

Overview/Glia 

• For decades, neuroscientists thought neurons did all the 
communicatingin the brain and nervous system, and glial cells 
merely nurtured them,even though glia outnumber neurons nine to 
one. 

• Improved imaging and listening instruments now show that glia 
communicate with neurons and with one another about messages
traveling among neurons. Glia have the power to alter those signals 
at the synaptic gaps between neurons and can even influence 
where synapses are formed. 

• Given such prowess, glia may be critical to learning and to forming 
memories, as well as repairing nerve damage. Experiments are 
getting underway to find out. 
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ronal signals and did so in part by taking up 
calcium from their surroundings, they would 
light up as well, only later. 

Staring at a computer monitor in a dark-
ened room, my NIH colleague, biologist Beth 
Stevens, and I knew that after months of prep-
aration our hypothesis was about to be tested 
with the flick of a switch. When we turned on 
the stimulator, the DRG neurons responded in-
stantly, changing from blue to green to red and 
then white on a pseudocolor scale of calcium 
concentration, as calcium flooded into the ax-
ons. Initially, there were no changes in the 
Schwann cells or oligodendrocytes, but about 
15 long seconds later the glia suddenly began 
to light up like bulbs on a string of Christmas 
lights [see illustration on page 59] .  Somehow 
the cells had detected the impulse activity in 
the axons and responded by raising the con-
centration of calcium in their own cytoplasm. 

Glia Communicating with Glia 
THUS FAR WE HAD confirmed that glia 
sense axon activity by taking in calcium. In 
neurons, calcium activates enzymes that pro-
duce neurotransmitters. Presumably, the in-
flux in glial cells would also activate enzymes 
that would marshal a response. But what re- 
sponse was the cell attempting? More funda- 

mentally, what exactly had triggered the cal-
cium influx? 

Clues came from previous work on other 
glial cells in the brain known as astrocytes. One 
of their functions is to carry nutrients from cap-
illaries to nerve cells; another is to maintain the 
optimal ionic conditions around neurons nec-
essary for firing impulses. Part of the latter job 
is to remove excess neurotransmitters and ions 
that neurons release when they fire. In a classic 
1990 study, a group led by Stephen J. Smith of 
Yale University (now at Stanford University) 
used calcium imaging to show that the calcium 
concentration in an astrocyte would rise 
suddenly when the neurotransmitter glutamate 
was added to a cell culture. Calcium waves 
soon spread throughout all the astrocytes in the 
culture. The astrocytes were responding as if 
the neurotransmitter had just been released by a 
neuron, and they were essentially discussing 
the news of presumed neuronal firing among 
themselves. 

Some neuroscientists wondered whether 
the communication occurred because calcium 
ions or related signaling molecules simply 
passed through open doorways connecting 
abutting astrocytes. In 1996 S. Ben Kater and 
his colleagues at the University of Utah defused 
that suspicion. Using a sharp microelectrode, 

GLIA AND NEURONS work together in the 
brain and spinal cord. A neuron sends a 
message down a long axon and across a 
synaptic gap to a dendrite on another 
neuron. Astrocyte glia bring nutrients to 
neurons as well as surround and 
regulate synapses. Oligodendrocyte glia 
produce myelin that insulates axons. 
When a neuron's electrical message 
(action potential) reaches the axon 
terminal [inset}, the message induces 
vesicles to move to the membrane and 
open, releasing neurotransmitters 
[signaling molecules) that diffuse across 
a narrow synaptic cleft to the dendrite's 
receptors. Similar principles apply in the 
body's peripheral nervous system, 
where Schwann cells perform 
myelination duties. 

  

 



 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


