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Migration of Hematogenous Cells Through the Blood-
Brain Barrier and the Initiation of CNS inflammation
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The central nervous system has long been consi-
dered an immunologically privileged site. Never-
theless, cells derived from the bone marrow can and
do enter the CNS in a number of circumstances.
Derivatives of the monocyte/macrophage lineage
appear to enter and take up residence in various
structures of the CNS as part of normal ontogeny
and physiology. Immunocompetent cells, such as T-
lymphocytes of both CD4 and CD8 positive groups,
enter the nervous system in what appears to be a
random fashion when they are activated by anti-
genic stimulation. These lymphocytes perform the
required immunological surveillance of the CNS,
and initiate inflammation therein during infectious
and autoimmune reactions. In this review, the evi-
dence supporting the above observations is exam-
ined, and a hypothesis for the pathogenesis of CNS
inflammatory reactions is presented.

Introduction

Among the basic types of pathological reactions
occurring in mammals, inflammation is one of the
most complex. Our understanding of these processes
has expanded rapidly over the past quarter of a cen-
tury, and now with the increased power of cellular
immunology, molecular biology and the availability
of transgenic experimental animals, many heretofore
obscure processes are being explained.

The Neuropathologist confronts these issues most
frequently in association with spontaneously occur-
ring human illnesses. These include the viral
encephalitides, brain abscesses, transverse myelitis,
and Multiple Sclerosis (MS). When seeking to under-
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stand the pathogenesis of any of these conditions,
certain key questions arise. One of the most basic of
which is: How does inflammation start in an organ
that is immunologically privileged? It has long been
known that the central nervous system (CNS) of
healthy mammals is virtually devoid of leukocytes
(1-5). T-cells are virtually undetectable in the CNS
parenchyma, macrophage/monocytes are very rare,
and even the expression of molecules of the major
histocompatibility complex (MHC), which are
required to present an antigen to T-cells, is far lower
than in any other organ (2,3,6-13). Despite all of
these features which would render the CNS an organ
immunologically distinct from all others, it is obvi-
ous that the immune system can and does locate
antigens within the CNS, and appears to have little
difficulty is initiating inflammation therein. How?
The blood-brain barrier (BBB) is one issue that must
be confronted at an early point in seeking to answer
this question (14). It is obvious that any mechanism
which physically destroys the components of the
BBB will render the CNS open to the cellular and
molecular constituents of the blood. This occurs in
traumatic or surgical injury, infarction, and hemor-
rhage. In such circumstances the required partici-
pants for inflammation are rapidly delivered to the
site of injury in a gross, non-specific fashion. In bac-
terial meningitis, fungal infections and potentially in
brain abscesses, the infectious agent itself produces
material which induces incompetence if not frank
disruption of the BBB. Here again, the initiation of
inflammation most probably proceeds via mecha-
nisms identical to those in any other bodily site,
although potentially at a slower and less efficient
pace. The most difficult aspect of understanding the
beginnings of inflammation in the CNS involves
those conditions in which there is no gross nor
exogenously induced disruption of the BBB, condi-
tions in which inflammation becomes established
prior to and as the cause of opening of the BBB. In
the vast majority of ilinesses of this type lympho-
cytes, predominantly T-cells, and monocytes are
among the earliest cellular participants. How does
such inflammation start in the CNS when the blood-
brain barrier is intact?
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There are two principle paradigms for the analysis of
the initiation of CNS inflammation. One is the spon-
taneously occurring human disease, multiple sclero-
sis. The other is an experimental model with many
features resembling multiple sclerosis which is
named experimental allergic (autoimmune)
encephalomyelitis, or EAE as it is typically called (15-
18). In multiple sclerosis the inciting event, the anti-
gen inducing the inflammation, the immunoregula-
tory controls, and the basic pathogenic insult-be it
infectious or truly autoimmune-are all unknown at
this time. With EAE, however, a great deal is under-
stood. The antigens capable of causing the illness are
myelin basic protein (MBP) (15-22) or myelin prote-
olipid protein (PLP) (23-26). The cell type causing the
illness is a CD4 positive T-lymphocyte (5,27-31).
These cells must recognize their antigen not in solu-
ble form, as do antibodies, but bound to a molecule
of the MHC on the surface of an antigen presenting
cell. Both MS and EAE will produce transient paraly-
sis and focal, perivascular and submeningeal areas of
chronic inflammation and demyelination. Although
a number of discrepancies exist between EAE in vari-
ous experimental mammals and MS in humans,
there are numerous points at which the two condi-
tions appear to parallel one another (15-18,32).

In order to unveil the basic mechanisms underlying
CNS inflammation, the first step is to define which
molecular and cellular participants must be present
in the CNS (or any other organ) in order to initiate
inflammation. At a most basic level, the minimal
requirements are: an antigen, an antigen presenting
cell, and a T-lymphocyte specific for the antigen. In
this review the research findings relative to specific T
lymphocyte mediated experimental models will be
discussed and a hypothesis proposed which could
explain how inflammation develops across an intact
blood-brain barrier. The migration of cells from the
blood into the nervous system parenchyma is a cen-
tral feature.

Antigen Presenting Cells (APC's)

In tissues of the immune system antigen presenta-
tion has been shown to be the function of specialized
members of the monocyte/macrophage family (33-
37). These cells constitutively express the MHC
molecules necessary to present small peptides to T-
cells in a fashion that is highly immunospecific (38-
40). In addition, the APC’s elaborate cofactors which
are needed to fully stimulate the T-cell to the activat-
ed state (36,37,41,42). For immune reactions in the
CNS, a central question in neuroimmunology over
the past decade has concerned the identity of cells in
the CNS which perform this critical function. The
primary candidates have been: The astrocyte, the
endothelial cell, and the microglia. As with most
neuroimmunological investigations, these studies
have centered on analysis of multiple sclerosis and
EAE. The studies that have been published which
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Figure 1 Immunohistochemically stained tissue section of the
two superior colliculi of a rat in which one optic nerve had been
cut. The stain identifies CD45 (leukocyte common antigen) sig-
nifying bone marrow origin of the cells. These cells are
microglial cells. The left side demonstrates the microglial prolif-
eration and enhanced CD45 expression induced by nerve tran-
section (x 180). Figure 2 Histological section of the superior
colliculi stained for MHC class |l antigens. The left colliculus
had been deafferented seven days before death by optic nerve
transection. The photomicrograph demonstrates the extensive
expression of MHC class |l molecules needed for antigen pre-
sentation by microglial cells. The right side is undamaged, an
exhibits only minimal microglial MHC expression (x 230).
Figure 3 The photomicrograph shows the superior colficuli of a
rat which had the right optic nerve cut 5 days before the devel-
opment of clinical EAE. The left colliculus, to which the right
optic nerve projects, is selectively involved by the perivascular
inflammation of EAE, while the undamaged right colliculus is
totally spared. (Haematoxylin, x 90).
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would support each of the mentioned cell types as
the CNS APC are of two main types: immuno-
histochemical analysis of diseased tissue, and the in
vitro investigation of the immunological capabilities
of isolated/purified cells. Inmunohistochemical
studies have focused on the detection and cellular
distribution of MHC class II molecules in diseased or
normal CNS tissue because it is this group of
molecules which are necessary for an APC to present
an exogenous antigen to a T-cell (33-40). The MHC
class II molecules are the "restriction elements" in all
defined models of EAE (43,44). In vitro experiments
have been of numerous types, but have usually cen-
tered on the ability of a certain class of cell to elabo-
rate MHC class II molecules on their surface, and to
functionally present a defined antigen to T-lympho-
cytes.

The astrocyte was the first cell to gain attention as
the potential CNS APC primarily through the studies
of Fontana and collaborators (7,13). They demon-
strated that astrocytes could be induced to express
MHC class II molecules in vitro and also to present
MBP to T-cells specific for that antigen (45).
Additionally, astrocytes were shown capable of in
vitro secretion of Interleukin-l, and other important
cytokines known to have special roles in immuno-
logical responses (46,47).

In multiple sclerosis brains astrocytes were reported
as being positive for MHC class II in the area of
plaques, and in the CNS of virally infected rats astro-
cytes were positive for this molecule (48-52).
However, a large number of reports examining the
CNS of rats with EAE failed to define MHC class 1I
positive astrocytes (12,53,54). One study which did
succeed on finding such positive astrocytes noted
that they could only be detected in fully established
inflammatory lesions in clinically ill rats, and then
they were exceedingly rare (3). This was curious since
the studies of Fontana, et al. (7,13,45,47) had
employed rat astrocytes and lymphocytes, and the
presumption would be that rat EAE should be a sys-
tem in which class II positive astrocytes abound.
Thus, the role of the astrocyte as an APC active in
initiating inflammation remains unresolved.

The CNS-derived endothelial cell in turn became a
focus of study following the immunohistochemical
observation its class II positivity in guinea pig EAE
(55,56). In vitro studies likewise confirmed the ability
of rodent endothelial cells to present MBP to T-cell
(57-59). Subsequently, in both humans a variety of
experimental animals endothelial cell MHC expres-
sion has been documented (3,6,8,48,55,56,59). In
counterpoint, a number of other investigators have
been unable to confirm the MHC class II positivity of
endothelial cells in either EAE or MS tissue (4,12,
53,54,60,62). This point is still debated. However, an
experiment using rat bone marrow chimeras in
which the endothelial cells of the host animal were
miss-matched with the antigen presentation require-
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ments of the EAE inducing T-lymphocytes demon-
strated that the rats did develop disease (63). This
argued strongly that the endothelial cell was not the
critical cell for antigen presentation.

The final candidate for the role of CNS APC is the
microglial cell. Interest in this obscure cellular con-
stituent has peaked in the past five years. The histo-
genesis of the microglial cell has long been debated:
is it a true glial element or is it derived from the bone
marrow? Many studies exist which present data pro
and con (64-69). Like the astrocyte and endothelial
cell microglia can present antigen to T-cells in vitro
(70,71). Immunohistochemical studies of humans
and experimental animals have documented that
MHC class I and II expression can be induced on
microglia by a number of methods, and these cells
are class II positive in both MS and EAE (6,53,54,
60,62,72-74).

At this time evidence strongly favors the concept
that all microglia are derived from the bone marrow.
Microglial cells express CD45 (Leukocyte common
antigen, Figure 1), a molecule which to date has only
been identified on cells of marrow origin (67,73-75);
cells and tissues of any other histogenesis do not
express this antigen (76). CD45 appears to be a nec-
essary molecule in antigen presentation to T-lympho-
cytes (77,78). The investigations of Perry and Gordon
suggest that microglial cells take up residence in the
CNS antenatally (67). In mammals, the microglial
cells are disseminated throughout the CNS, and they
have recently been reported to constitute part of the
blood-brain barrier itself (75).

An immunohistochemical study at both the light
microscopic and ultrastructural levels using rat bone
marrow chimeras demonstrates conclusively that the
normal CNS contains a number of cell types derived
from the bone marrow (Hickey, Vass & Lassmann,
unpublished data). In these chimeras monocyte relat-
ed cells were found in the meninges, the choroid
plexus around small and large blood vessels, and
even in the parenchyma. Although the majority of
the marrow derived cells actually in the CNS paren-
chyma were T-cells, rare cells with the branching
morphology of dendritic microglia were detected.
The physiological mechanisms which induce these
marrow elements to enter the CNS and become per-
manent residents therein are totally undefined.
Microglial cells have other features which recom-
mend them as the CNS APC. Their cell surface phe-
notype, determined by monoclonal antibodies,
shows them to be close relatives of the monocyte
/macrophage/dendritic cell family (61,71-73,79-83).
Cells of this lineage function as "classical" APC’s in
tissues of the immune system in all mammals (33-
37). ‘

There are two additional studies which further sup-
port the claim of the microglial cell to the role of
CNS APC. The first involves the use of Wallerian
degeneration which in the rat selectively affects the
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contra-lateral superior colliculus following optic
nerve transection (84,85). Prior studies have shown
that MHC and CD4 molecules are selectively induced
on microglial in the deafferented colliculus when the
optic nerve is severed (84,85). Following the time
course for the appearance of the MHC, CD4S, and
CD4 molecules on microglia following such an
injury, we noted that the MHC class II and CD4
molecules-both required for antigen presentation-
begin to be expressed 72 to 96 hours after transection
(Figure 2) (Hickey & Molleston, unpublished). In the
rat, the superior colliculus is not an anatomic site
involved in the inflammation of EAE. However,
when the optic nerve is sectioned, the superior col-
liculus becomes inflamed, and only on the side
which has suffered the deafferentation (Figure 3).
Interestingly, the susceptibility of the damaged col-
liculus to EAE is induced within 24 hours of optic
nerve transection, early in the phase of microglial
reaction. In this experimental setting, susceptibility
to inflammation corresponds with the immunologi-
cal potentiation of microglial cells. The second
study involved the use of rat bone marrow chimeras
(72,73). In this system rats of strain "A" are lethally
irradiated and then given a transfusion of bone mar-
row from a rat which is the first generation offspring
of strain "A" bred with "B", termed (A x B)F1. The
resulting rat then has all of its somatic tissues of type
"A", but its immune and hematopoetic system is "A x
B". If this rat is then given T-lymphocytes derived
from strain "B" which recognize MBP, but only when
bound to MHC class II of strain "B", these rats devel-
op EAE. Normally "B" lymphocytes have no effect on
strain "A" rats. This indicates that something has
inherently changed in the constitution of the CNS of
the chimera which now renders it susceptible to EAE
induced by strain "B" T-cells. An APC from the trans-
fused bone marrow has entered the CNS, and is now
functioning there. What is this cell?

In the classic work of Hortega (64), a cell identified as
"perivascular microglia" were defined. These con-
stituent cells are "closely applied to the walls of ves-
sels, resting on the outer surface of the adven-
titia...these microgliocytes in contact with the vessel
are multipolar elements that either run across the
vessel or are parallel to the latter". It is this cell in the
CNS parenchyma which has repopulated from the
bone marrow in the rat chimeras that is now func-
tioning as the APC (72,73). Immunohistochemical
and ultrastructural studies of this special cell reveal
that it has a cell surface phenotype identifying it as a
member of the monocyte family. These cells are part
of the normal make up of the rodent (72,75,79,80)
and human (8) CNS.

Thus we return to a central, persistent issue in neu-
roimmunology. What are the cellular or molecular
signals which cause the CNS during development to
become populated with the precursors of the
parenchymal microglia? What continues through
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Figure 4This graphically demonstrates the time related
appearance of T-cells in the rat CNS following intravenous
injection. Each bar represents the mean + the SD for the con-
centration of cells found in 1.0 cm2 of spinal cord parenchyma
in one rat. Control animals received saline injection without
cells.

post natal life to attract cells of the monocyte/den-
dritic cell group to continuously repopulate the CNS
with perivascular "microglia’? Both of these events
are part of normal development and physiology;
however, the exact controls governing their migra-
tion to the CNS is unresolved. Discovering the
answer to these questions will undoubtedly extend
our understanding not only of neuroimmunological
phenomena, but also may provide insight into the
spread of HIV to the CNS and may offer a way to
direct genetically altered cells into the CNS without
direct implantation.

T-Lymphocyte Entry into the CNS

The above discussion demonstrates that APC's need-
ed for the initiation of inflammation enter the ner-
vous system from the circulation. How do T-cells,
one other additional requirement for inflammation,
arrive? Here again, the EAE model offers some clues.
Over the past decade it has been reported that EAE
can be transferred to a recipient rodent only if the
cells are in an activated form. T-cells stimulated to
the blast phase, either by their specific antigen (86-
89) or by non-specific, mitogenic lectins (87-90), will
produce EAE. Unstimulated cells will not (86-89).

In recent years great interest has developed in
immunology concerning "homing receptors”,
molecules on the surface of cells which specifically
target them to certain tissues, and "molecular
addressins", endothelial cell surface molecules which
interact with the homing receptors to inform the
hematogenous cell that a specific site is appropriate
for egress (91-93). Lymphocyte "homing" entails the
concept that these cells will circulate until there
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occurs a specific interaction between the lymphocyte
surface and a vascular bed in a particular tissue. A
corollary of this would be that certain types of lym-
phocytes are predestined to enter certain organs. To
date there have been defined neither homing recep-
tors nor molecular addressins which are specific for
the nervous system. It is well documented that in
experimental animals and man T-cells are very rare
in the CNS parenchyma (1-5,61,94), yet they possess
some inherent ability to enter and initiate inflamma-
tion.

Multiple reports have characterized the T-cell recep-
tor genes used by lymphocytes to recognize MBP, the
antigen causing EAE and implicated in MS (5,16,19-
21,95). There is a striking uniformity of selection of
the type of T-cell receptor that is used to recognize
this antigen in rodents (95-99). This discovery pro-
vides a potential molecular basis for the hypothesis
that only cells specific for a CNS antigen will enter
the nervous system (99). Cross and colleagues (100)
have examined the apparently specific homing of
such encephalitogenic cells to the CNS in mice. Yet,
there are observations that argue against the con-
tention that lymphocytes enter the CNS by an anti-
gen-specific homing mechanism.

Meyermann and co-workers (101,102) documented
the fact that T-lymphocytes specific for ovalbumin-
not a normal constituent of the rat CNS-enter that
organ as readily as cells specific for MBP. This led
Wekerle, Linnington, Lassmann and Meyermann to
set forth the hypothesis that any T-cell which has
been stimulated to the blast phase can readily pene-
trate the blood-brain barrier (102). To investigate the
constraints on this system, an extensive study was
performed to dissect the immunological features of T-
cells that govern their entry into the CNS (73,103,
104). Rats were injected intravenously with one of
four different types of cells. The first type consisted
of spleen and lymph node cells which had been
grown in vitro in such a way as to discourage lym-
phoblast transformation. The few blasts present in
this cell pool were removed and the unstimulated T-
cells (60% to 70% of the pooled cells by flow cytome-
try) were injected. The second type of cells were 85%
T-lymphoblasts which had not been selected for any
single antigenic specificity, hence they would repre-
sent a random sampling of the rat’s T-cell repertory.
This group could not be claimed to be specific for
CNS antigens. The third and fourth types of cells
were both 95% T-lymphoblasts, and both were high-
ly specific for a single distinct antigen. The third type
of cells recognized the encephalitogenic antigen
MBP; rats injected with T-lymphoblasts of this type
would develop EAE within 96 hours. The fourth type
of T-cells recognized calf thymus histone, an "irrele-
vant" antigen with the same physicolchemical char-
acteristics as MBP; however, T-cells specific for this
antigen produce no illness in experimental animals.
These last three types were cells that had been stimu-
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lated to the lymphoblast stage by the mitogenic
lectin concanavalin-A.

The results of this investigation are shown in Figure
4. The above experiments were repeated by injecting
the same types of Lewis rat T-cells into the circula-
tion of MHC allogeneic rats. In this setting it was
impossible for the T-cells to recognize a CNS specific
antigen on the CNS endothelium because of the mis-
match in MHC antigen presenting molecules (72,73).
The results were virtually identical. The extended
study revealed that T-cell entry into the intact CNS
was independent of antigen specificity (an hence,
probably independent of T-cell receptor gene usage),
tissue compatibility with the host, and the pheno-
type of the T-cell (CD4 vs. CD8 positive). Indeed,
entry appeared to be only linked to the activation
state of the T-cell; lymphoblasts entered, unstimulat-
ed cells did not. One very interesting aspect of this
study is the rapidity with which T-lymphoblasts
entered the central nervous system. Following injec-
tion into the rat’s circulation detectable, newly
arrived T-cells could be found in the spinal cord
within 90 minutes. Their peak concentration
occurred between nine and twelve hours following
injection.

The T-cell concentration declined after twelve hours
returning to baseline levels in one to two days.
However, if the cells which seemed to enter the CNS
in a random fashion were specific for an antigen in
the CNS, such as MBP, their concentration remained
elevated above baseline for days (Figure 4). This sug-
gests that activated T-cells, specific for any antigen,
will survey the CNS when they circulate. If they find
their antigen, they will stop and initiate inflamma-
tion, providing their concentration reaches a suffi-
cient threshold.

One additional finding of this study was that tissue
penetration by T-lymphoblasts appeared to be ran-
dom since the T-lymphoblasts were found to dis-
tribute to virtually every organ in the body following
injection. A recent study in sheep has reached similar
conclusions and demonstrated that normal circulat-
ing, unstimulated T-cells have a vastly different tissue
distribution pattern than do T-cells which have been
previously stimulated by antigen (105). While these
studies do not necessarily contradict the concept of
specific T-cell homing to the CNS, they do suggest
that the dissemination of T-lymphoblasts may be
governed by different rules other than those operat-
ing in classical homing.

The nature of the changes occurring in T-lympho-
cytes when they enter the blast phase which empow-
er them to enter the CNS remain to be defined. The
available data suggests that the controlling features
of the system reside in the T-cell, not in the CNS
endothelial cell. If T-cells in blast phase can readily
enter the CNS within a few hours of injection, the
interval is too short for de novo synthesis and ex-
pression of endothelial addressins. There was no
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stimulus given to the rats to induce enhanced expres-
sion of migration related molecules on the endotheli-
um. Moreover, the apparently random distribution of
injected T-lymphoblasts through all the bodily
organs examined, regardless of the T-cells antigenic
specificity, argues that the activated T-cell is recogniz-
ing some ligand which is constitutively expressed by
endothelial cells of most vascular beds. The T-lym-
phoblast must express on its cell surface a migration
related molecule not exhibited by resting T-cells. It
has been documented that activated T-cells exhibit
enhanced adhesiveness through increased expression
of LFA-] following activation (106). Also, novel syn-
thesis of heparin endoglycosidase needed to degrade
basement membranes occurs following T-cell activa-
tion (107), furthermore competitive inhibitors of this
enzyme prevent the development of EAE in rats
(108). Finally, investigations in this laboratory have
identified the expression of novel cell surface anti-
gens that appear on rat T-lymphoblasts following
activation (Hickey & Palmer, unpublished observa-
tions); however the molecular nature of these chan-
ges and their potential relationship to cell migration
are incompletely characterized.

Other questions which remain concerning the entry
and persistence of T-cells in the CNS are: Do cells
which pass through the CNS return once again? How
long can lymphoblasts remain in the circulation
before entering a tissue? Once a T-cell specific for a
CNS antigen enters the CNS can it be cyclically reac-
tivated in the CNS, or must it return to the organs of
the immune system for reactivation?

Initiation of CNS Inflammation: A Hypothesis

Considering the above information it is possible to
construct a hypothesis describing the pathogenetic
mechanism for the initiation of inflammation across
an intact blood-brain barrier. In this hypothesis, the
transgression of the blood-brain barrier by cells of
the lymphocyte and monocytic classes while leaving
that barrier intact, is a central, albeit poorly under-
stood, feature. The normal CNS contains hematoge-
nously derived elements that enter the CNS as part of
the normal mammalian physiology. The parenchy-
mal microglia enter during development, their me-
ningeal and perivascular relatives enter continuously
during life. The perivascular cells, and potentially the
parenchymal microglia as well, are ever in a state of
readiness to function as antigen presenting cells.

T-lymphocytes are activated in the lymph nodes and
other tissues of the immune system. These lym-
phoblasts then enter the circulation in search of their
specific antigen. They randomly distribute through-
out all the organs of the body, including the CNS. If
they fail to detect antigen(s), they pass through the
tissue leaving it morphologically undisturbed. If they
encounter their antigen, in the context of the appro-
priate MHC molecule, on the surface of an antigen
presenting cell, a certain percentage of the cells will
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persist in that organ and initiate the process of in-
flammation. Once this process is started, the blood-
brain barrier is opened, molecular signals to attract
other lymphocytes and monocytes are elaborated,
and other cells from the circulation plus immu-
noglobulins, coagulation and complement factors
enter. All the needed participants for a typical imm-
unologically mediated inflammatory reaction there-
by arrive in the nervous system. Inflammation as we
define it has begun.

Under this hypothesis, any foreign antigen present
in the CNS to which the immune system has not
been exposed would be tolerated. This phenomenon
has been documented by the implantation into the
CNS of foreign tissue grafts which would be rapidly
rejected if placed elsewhere in the body normally
exposed to the immune system’s elements (109).
Such grafts are tolerated and survive without im-
munological damage. However, when such engrafted
animals are challenged in the periphery with the
same antigen, and the immune system in the normal
manner comes to recognize it as foreign, then the
heretofore tolerated CNS graft is rapidly located and
destroyed (109). The T-cells which have always been
in the host’s immunological repertory, are now stim-
ulated and empowered to enter the CNS and survey
it for that antigen.

According to this hypothesis, any activated T-cell
would have the ability to pass the blood-brain barrier
and "survey" the CNS for its antigen. This is in keep-
ing with the observation that even healthy adults do
have within their CNS and cerebrospinal fluid low
but detectable numbers of T-cells. These few cells
would be a reflection of the small numbers of acti-
vated T-cells continuously in the circulation in
response to the low but continuous stimulation from
environmental pathogens every individual con-
fronts. Thus, the brain and spinal cord benefit from
the protection of the immune system, but are not
subject to continuous passage of normal circulating
lymphocytes which have yet to be activated.

Finally we return to the human neurological illnesses
characterized by inflammation. The frequently
observed vasocentricity of lymphocytic aggregates in
viral encephalitis and multiple sclerosis can be ex-
plained since it is in the perivascular area that the
critical antigen presenting events are occurring.

The above scheme is only a hypothesis, but it is in
keeping with most of the observed phenomena con-
cerning CNS inflammatory conditions. Further stud-
ies will refine the various aspects of the early events
in CNS inflammation which may support or disrupt
the hypothesis. Nevertheless, it is certain that a more
complete understanding of the mechanisms by
which APC'’s are attracted to the nervous system, and
the changes occurring in T-cells permitting them to
survey the CNS, will greatly enable us to deal effec-
tively with the pathological effects of human neuro-
logical inflammatory diseases.
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