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Protective immunity in brain
inflammation

Injury to the nervous system comes in
many forms. In models of brain trauma,
ischemia, autoimmunity, and infection, a
traditional cellular infiltration of macro-
phages, T cells, B cells, and even granu-
locytes is observed. Classic autoimmune
pathology in the brain is best studied in
the now 82-year-old experimental auto-
immune encephalomyelitis (EAE) model
(1, 2). There are also numerous models of
infectious damage to the brain, such as
meningitis and encephalitis induced by
bacteria and viruses (3, 4). Moreover, neu-
rodegenerative conditions, such as Alz-
heimer’s disease, that are characterized
by amyloid deposits proceed without any
signs of the classic inflammatory reaction
seen in trauma, ischemia, EAE, or viral
encephalitis (5). In models of ischemic
and traumatic damage to the brain and in
EAE as well as viral encephalitis, a resolu-
tion of the initial damage is seen, and this
resolution often correlates with neurologic
recovery (1-4).
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Inflammatory conditions intensify and then resolve, often sparing

and recovering some of the injured tissue. While the ebb and flow of
inflammation can be followed in many tissues, there is not a great deal of
information on how inflammation regresses in the brain. In this issue of the
JCI, Walsh, Hendrix, and colleagues illuminate a cellular mechanism whereby
T cells that infiltrate the brain after nerve crush or contusion actually

protect neurons from injury. These infiltrating T cells produce IL-4 and do

so independently of a classic adaptive T cell immune response. The T cells
respond to mediators produced by damaged neurons, without the classic
three-way interaction among antigen, the major histocompatibility complex,
and the T cell receptor. After brain injury, these protective T cells produce
IL-4, which attenuates damage via IL-4 receptors on neurons.

The damage-induced cellular infil-
trate that emanates from outside the ner-
vous system contains constituents that
provide protection from injury. The con-
cept of beneficial autoimmunity was first
described in a 1999 study that showed that
injection of myelin basic protein-recog-
nizing (MBP-recognizing) T cells insulates
axons, allowing for recovery from a nerve
crush injury of the optic nerve (6). In this
system, there was a three-fold increase in
retinal ganglion cells following adminis-
tration of MBP-recognizing T cells as the
result of a classic interaction between the
T cell receptor and a MBP fragment pre-
sented by MHC class II protein. This initial
demonstration of protective autoimmunity
in the nervous system has been followed by
studies that have further refined our under-
standing of this process. Engineered T cells
that recognized an altered form of MBP are
not capable of producing encephalomyeli-
tis themselves but instead produce antiin-
flammatory cytokines, such as IL-4 (7, 8),
that mediate neural protection. Injection of
T cells that are sensitized to the nonpatho-
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genic, altered MBP protects spinal cord
neurons in a contusion model (6). These
early studies focused on traditional T cells
that recognize specific antigens and partic-
ipate in the classic trimolecular interaction
among TCR, MHC, and antigen.

In this issue, Walsh, Hendrix, and col-
leagues describe a previously unappreci-
ated aspect of beneficial autoimmunity in
the nervous system and identify a popula-
tion of T cells that infiltrate the CNS after
traumatic injury and provide protection
that is independent of MHC presentation
of antigen (9). This protective T cell popu-
lation produced IL-4, which in turn medi-
ated protective effects though interactions
with neuronal IL-4 receptors.

Protective T cells in the

nervous system: mechanistic
insights

What signal generated by the damaged neu-
rons triggered infiltrating T cells to produce
IL-4? To answer this question, Walsh, Hen-
drix, and colleagues searched meticulously
for a soluble factor that serves as a signal
that neurons were “damaged” (9). The pro-
duction of such an “alarmin” was mediated
in part by MyD88, which transmits signals
for many TLRs of the innate immune sys-
tem. Specifically, T cells from MyD88-defi-
cient mice exhibited reduced IL-4 produc-
tion, and protection was impaired in these
animals. Walsh, Hendrix, and colleagues
did not find that any known TLR ligands
mediate this protection. Likely candidates
for the secreted factor that is involved in the
MyD88-linked protection include mem-
bers of the IL-1 family of cytokines, includ-
ing IL-1a and IL-1f as well as IL-18 and/or
IL-33. The next step in this exciting story
will likely be the identification of the precise
alarmin that triggers the protective reaction
in response to CNS damage (9).

What do the results of Walsh, Hendrix,
and colleagues imply about current strate-
gies used to treat the degenerative phase of
inflammatory diseases like EAE and mul-
tiple sclerosis (MS)? Current approaches,
including blockade of homing molecules
like 04 integrin (10-12) and modulation
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of the sphingosine phosphate receptor in
lymph nodes (13, 14), are designed to limit
migration of lymphocytes into the CNS.
If migration or function of T cells, which
produce protective cytokines, is blocked by
such therapies, the potential of the strate-
gies to provide benefit during the neurode-
generative phases of diseases like MS may
be impaired. For example, a recent clinical
trial of fingolimod, which modulates the S1P
receptor, showed that this strategy is inef-
fective for primary progressive MS (15). As
studies on the immune response in the CNS
expand, there is increasing evidence that
the T cells that infiltrate the site of injury
play dual roles. Some of these T cell popu-
lations cause harm and exacerbate damage,
while others, such as the IL-4-producing
population identified by Walsh, Hendrix,
and colleagues, may provide benefit. The
development of selective therapies that aim
to eliminate harmful T cells while preserv-
ing and/or promoting T cells that provide
protection should be explored. The study by
Walsh, Hendrix, and colleagues is exciting
and promising, as their identification of a T
cell population that produces the protective
cytokine IL-4 without classic recognition
of neural antigens via the MHC provides a
population to target for future therapeutic
strategies aimed at limiting CNS damage.
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