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ABSTRACT In this paper we report a time-course study
of development of experimental allergic encephalomyelitis in
Lewis rats, by monitoring neuroendocrine regulation of the
hypothalamus—pituitary-adrenal axis through corticotropin-
releasing hormone mRNA expression, inflammatory cellular
infiltrate, macrophagic and neuronal nitric oxide synthase,
nerve growth factor (NGF), and NGF p75 and trkA receptors
in the brain and spinal cord. We analyzed animals during 20
days after immunization, a time interval that corresponds to
the acute immunological phase. We have described a severe,
early fall of corticotropin-releasing hormone mRNA expres-
sion, which could account for the decreased response of the
hypothalamus—pituitary—adrenal axis to inflammatory stress.
During this period, an increase of neuronal nitric oxide
synthase was observed in the cerebral cortex and spinal cord,
and macrophagic nitric oxide synthase positive cells were
found in the inflammatory cellular infiltrate, which was
abundant in perivascular and submeningeal areas 20 days
after immunization. Concomitantly, we found a dramatic
up-regulation of NGF receptors on the wall of blood vessels
and adjacent neurons in perivascular areas. NGF content also
had increased in some brain areas, such as the thalamus, while
it had decreased in others, like the spinal cord and medulla
oblongata, at time points in which the most serious cellular
infiltrate was found.

Experimental allergic encephalomyelitis (EAE) is a neuroin-
flammatory disease that also comprises immune components
that have been widely used as an experimental model for
human multiple sclerosis. It is caused by active sensitization of
the animal after peripheral injection of myelin basic protein
suspended in complete Freund’s adjuvant or after passive
transfer of myelin basic protein reactive cells. Animals develop
characteristic limp tail, muscle weakness, and paralysis within
8-12 days after injection, followed by a partial recovery within
20 days. According to different authors, a second and even
third exacerbation characterized by a slower, but more severe
and long-lasting, neurological deterioration then takes place,
and the animals partially recover, in this case too, after a long
period (4-5 months). In this second chronic stage, signs of
demyelinization have been described in terms of histopatho-
logical hallmark (1), nuclear magnetic resonance studies (2),
functional tests, and evoked potentials (3). Acute exacerbation
is mainly determined by immunological responses resulting in
damage to the blood-brain barrier (BBB) together with
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parenchimal inflammatory infiltration. The latter triggers the
chronic phase that includes tissue damage (4).

A decreased response of the hypothalamus—pituitary—
adrenal (HPA) axis to inflammatory and immune mediators
confers susceptibility to the development of inflammatory/
immune diseases, including EAE and arthritis (5). For exam-
ple, EAE develops well in Lewis rats, a strain characterized by
the animals’ inability to adequately stimulate the HPA axis
through inflammatory mediators (6). Reciprocal interactions
between immune, neural, and endocrine cells seem to be
relevant for both physiological and pathological processes (7).
Over the last few years, much attention has been paid to the
investigation of molecules interacting with all these cell types,
crossing body barriers, i.e. BBB, and disrupting structural
units, i.e. oligodendrocyte-myelin complex, in physiological or
pathological conditions. The reciprocal interactions between
body compartments in terms of local and long-distance mo-
lecular circuits (7) also have been indicated as a key mecha-
nism for body homeostasis.

The relative role of inflammatory and immune components
and mediators in clinical and histopathological findings in EAE
(and also in multiple sclerosis), such as the primary or secondary
role of the HPA axis dysfunction in the pathogenesis of the
disease, is still not clear. Moreover, the molecules responsible for
central nervous system (CNS) lesions in EAE are still unknown.
To study the above, we investigated the development of EAE by
monitoring nerve growth factor (NGF), nitric oxide synthase
(NOS), and corticotropin-releasing hormone (CRH) mRNA in
the CNS. NGF and NO are critical molecules in the functional
regulation of immune, neural, and endocrine systems. NGF levels
are altered during inflammation (8), such as in multiple sclerosis
patients (9), and this has been regarded as either a pivotal or
reactive phenomenon (10). The involvement of NO in inflam-
matory/immune demyelinizating diseases has been suggested by
clinical (11) and emphiric data (12, 13). Moreover, NO is one of
the potential mediators of interleukin 1 (IL1)-induced toxicity
(14). In this study we have demonstrated an increased production
of inducible and neuronal isoforms of NOS during EAE, which
correlates with a severe fall of CRH mRNA expression in the
paraventricular nucleus (PVN) of the hypothalamus. NGF con-
tent and NGF receptor immunostaining also change according to
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the clinical stage of the disease and to the inflammatory cell
infiltrate.

MATERIALS AND METHODS

Animals. A total of 250 female, pathogen-free Lewis rats
(Charles River, Italy) were used in this study. Ninety-six rats
were sensitized with a medium containing 29 mg of guinea pig
spinal cord tissue in complete Freund’s adjuvant (CFA; Sigma)
to which 2 mg/ml heat-inactivated Mycobacterium (Difco
H37Ra) was added. Sensitization was performed in both hind
pads. Ninety-six rats were injected in both hind pads with CFA.
Fifty-eight uninjected rats were used as controls. For NGF
measurement and in situ hybridization experiments, animals
were killed 2, 4, 6, 8, 10, 12, and 20 days after sensitization or
CFA, whereas for histopathological and immunocytochemical
observations animals were killed 3, 7, 14, and 20 days after
treatment. Rats were observed daily for signs of EAE and were
scored as follows: 1, loss of tail tonicity; 2, weakness in one or
both hind legs or middle ataxia; 3, severe ataxia or paralysis;
and 4, severe hind leg paralysis accompanied by urinary
incontinence. All animal protocols described here were ap-
proved by our intramural committee, and the animals were
cared for in accordance with the guideline published in the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Immunocytochemistry. The day they were killed, the rats were
anesthetized and perfused through the ascending aorta with
saline solution followed by 4% paraformaldehyde. After 25-30
min of perfusion, the brains were removed and immersed for 24 h
in the same ice-cold fixative. The brains were then rinsed for 48 h
in ice-cold 0.1 M Sorensen’s buffer containing 5% sucrose, and
then cut on a Vibratome (thickness of section 50 pwm) and
immediately processed for the ABC procedure on free-floating
sections. The sections were pretreated with H,O, to quench
endogenous peroxidase activity and then incubated with 1.5
2.0% normal serum, followed by overnight incubation at 4°C with
the primary antisera diluted in PBS containing 0.3% Triton X-100
(vol/vol). The following antisera were used: monoclonal anti-p75
antibody (clone I1gG192, generously supplied by E. M. Johnson,
Washington University, St. Louis); polyclonal anti-trkA (Santa
Cruz Biotechnology); and polyclonal anti-iNOS (Transduction
Laboratories, Lexington, KY). Staining specificity was assessed
by the in vitro overnight preincubation of the antiserum with the
respective antigen (100 mg/ml). This treatment prevented the
staining. After the sections had been rinsed, they were incubated
with biotinylated goat anti-mouse or anti-rabbit immunoglobulin
(Dako), rinsed in PBS, and incubated using streptavidin biotin-
ylated horseradish peroxidase complex (Amersham) 1:250. Dia-
minobenzidine was used to detect the immunocomplex. Sections
(20 wm) also were stained for histological examination (toluidine
blue and hematoxylin/eosin staining).

NGF Determination. For NGF measurement, rats were
sacrificed by decapitation. NGF levels were measured using a
two-site immunoenzymatic assay (ELISA) as previously de-
scribed (9). Briefly, polystyrene 96-well microtitel immuno-
plates were coated with affinity-purified polyclonal goat anti-
NGF antibody. Parallel wells were coated with purified goat
IgG (Zymed) for evaluation of nonspecific signal. After over-
night incubation at room temperature and 2 h of incubation
with the coating buffer (50 mM carbonate buffer, pH 9.5, in
2% BSA) plates were washed with 50 mM TrissHCI, pH
7.4/200 mM NaCl/0.5% gelatin/0.1% Triton X-100. After
extensive washing, the diluted samples and the NGF standard
solutions, ranging from 0 to 1 ng/ml, were distributed in each
plate and left at room temperature overnight. The plates then
were washed and incubated with 4 milliunits of anti B-NGF-
galactosidase per well (Boehringer Mannheim). After an in-
cubation of 2 h at 37°C, the plates were washed and incubated
with 100 ul of substrate solution (4 mg of chlorophenol red per
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ml of substrate buffer: 100 mM Hepes/150 mM NaCl/2 mM
MgCl,/0.1% sodium azide/1% BSA) that was added to each
well. After an incubation of 2 h at 37°C, the optical density was
measured at 575 nm using an ELISA reader (Dynatech). The
recovery was estimated by adding to the tissue samples a
known amount of purified NGF. The yield of the exogenous
NGF was calculated by subtracting the amount of exogenous
NGF from the values of the exogenous ones. Under these
conditions the recovery of NGF from the tissue samples was
about 80-90%. The values were corrected by subtracting the
relevant background value to nonspecific binding. Specificity
for NGF also was assessed by using a recombinant human
brain-derived neurotrophic factor (Genentech).

In Situ Hybridization. Oligonucleotide probes with sequences
complementary to mRNA encoding neuronal NOS (nNOS,
amino acids 151-164) and CRH (nucleotides 64-111) were
labeled at the 3'-end with deoxyadenosine 5’-[a-[3>S]thio]triphos-
phate (New England Nuclear) using terminal deoxynucleotidyl-
transferase (Amersham) in a buffer containing 10 mM CoCl,, 1
mM DTT, 300 mM Tris base, and 1.4 M potassium cacodylate
(pH 7.2). The labeled probes were purified through Nensorb-20
columns, and DTT was added to a final concentration of 10 mM.
The specific activity obtained ranged from 1 to 4 X 10° dpm/ng
oligonucleotide. Sections were covered with a hybridization
buffer containing 50% formamide, 4X SSC (1X SSC = 0.15 M
NaCl, 0.015 M sodium citrate), 1X Denhardt’s solution (0.02%
polyvinylpyrrolidone, 0.02% BSA, and 0.02% Ficoll), 1% sarco-
syl, 0.02 M phosphate buffer (pH 7.0), 10% dextran sulfate, 500
pg/ml heat-denatured salmon sperm DNA, and 200 mM DTT
and 40 ng/ul of the labeled probes. The slides were incubated for
15-20 h at 50°C, rinsed in 1X SSC at 55°C for 1 h and at room
temperature for 1 h. Finally, the slides were rinsed in distilled
water and 60% and 95% ethanol (2 min each), air dried, and then
dipped in NTB2 nuclear track emulsion (Kodak) for 3 weeks
before being developed. The quantitative analysis was performed
on emulsion-dipped sections slightly counter stained by toluidine
blue using AIS Imaging Research (Ontario, Canada) grain-
counting software. nNOS mRNA expression was measured in the
lamina X of the spinal cord and in the cerebral cortex by choosing
three matching sections in six rats for each experimental group at
each time point. In all sections, 8 to 10 cells were measured. The
average values from each animal were used for a statistical
analysis.

Histopathology. Toluidine blue and hematoxylin-eosin
staining were used for histological studies in paraformalde-
hyde-fixed animals. All brains and spinal cord sectioned for in
situ hybridization studies also were analyzed for the presence
of cellular infiltrates.

Statistical Analysis. ANOVA and Dunnett’s test (vs. con-
trol uninjected rats) were used to compare data at each
experimental time.

RESULTS

The clinical profile and body weight of experimental animals
are reported in Fig. 1. The severity of EAE gradually increases
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Fic. 1. Body weight of experimental rats (4) and clinical score of
EAE rats (B). Statistical analysis: ANOVA and Dunnett’s test; *, P < 0.05.
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FiG. 2. (A) Toluidine blue stained section from mesencephalon of EAE rat 20 days after immunization. Arrows indicate large neurons in the
mesencephalic nucleus of the V nerve. Intense perivascular cellular infiltrates were found in this area. Numerous diaminobenzidine-positive elements,
probably neurophils (B and C) and iNOS-like positive cells (D and E) were observed in perivascular and intraparenchymal inflammatory cellular infiltrates.
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Fi6.3. (A, C, and D) NGF content in different brain areas during
development of EAE and CFA-induced inflammation. (B) Number of
thalamic mast cells in the thalamus during EAE. Mast cells have been
counted in 5 matching sections from the thalamus of each animal, and
the relative number has been normalized according to the sampled
area. Statistical analysis: ANOVA and Dunnett’s test; *, P < 0.05, =3,
P < 0.01, #x*, P < 0.001; a, Student’s ¢ test, P < 0.05.

and reaches its peak between 8 and 12 days after immuniza-
tion. The animals then partially recover 20 days after immu-
nization, when a severe weight loss is observed.

Histopathological Findings. Multiple confluent foci of inflam-
mation appear in many areas of the brain and spinal cord between
14 and 20 days after myelin immunization (Fig. 2). In particular,
numerous small blood vessels in the cervical spinal cord, medulla
oblongata, pons, ventral mesencephalon, hypothalamus, and sep-
tal nuclei showed inflammatory perivascular infiltrates, including
mononuclear cells. Small intraparenchimal infiltrates were ob-
served all over the brain and spinal cord, and perivascular
infiltrates were found in the white matter, too (i.e. corpus
callosum and cerebellar peduncoli). Submeningeal infiltrates also
were observed in the medulla oblongata, pons, and spinal cord.
Mononuclear and polymorphonuclear, probably neutrophil dia-
minobenzidine-positive, cells were present in all foci of inflam-
mation 20 days after sensitization. Almost all EAE animals
showed a histological picture scored as 4 according to Hickey et
al. (15). Several iNOS-positive cells were found in perivascular
and intraparenchimal infiltrates. Only in a few rats did we observe
small scattered areas of inflammation (1-2 according to Hickey
et al., ref. 15) 14 days after immunization. No significant cellular
infiltrates were found in EAE rats 3 and 7 days after immuniza-
tion, and at no time in rats injected with CFA.

NGF and NGF Receptors. NGF content was measured in the
medulla oblongata and cervical spinal cord, where a severe
cellular infiltrate appears during EAE and in the thalamus.
The NGF content significantly increased in the thalamus in
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Fi1G. 4. nNOS mRNA expression in single neurons in the spinal
cord (A) and cerebral cortex (B) during EAE, CFA-induced arthritis,
and in control rats. Statistical analysis: ANOVA and Dunnett’s test, *,
P < 0.05, **, P < 0.01; a, Student’s ¢ test, P < 0.05.

EAE and CFA-injected animals as soon as clinical signs of
central or peripheral inflammation appeared (Fig. 34). An
increase in the number of mast cells adherent to the intrapa-
renchimal blood vessel also was observed in EAE 7 days from
immunization (Fig. 3B). On the contrary, NGF content was
unchanged in the early and critical stages of clinical inflam-
mation in the cervical spinal cord and medulla oblongata of
both experimental groups, and it dropped dramatically after 12
and 20 days from treatment (Fig. 3 C and D). In EAE rats, p75-
and trkA-like perivascular positivity appeared in several CNS
areas between 14 and 20 days after immunization, coinciding
with an increased severity of perivascular cellular infiltrates,
also in brain areas where infiltrates were scanty (Fig. 2). For
example, in the parietal and pyriform cortex, such as in the
amygdaloid complex, a strong p75- and trkA-like positivity was
observed on blood vessels walls 14 days after immunization.
Small, stellar cells (Fig. 2) and positive fibers were found
around blood vessels (Fig. 2). Neurons adjacent to labeled
blood vessels were also positive, and staining intensity grad-
ually decreased moving away from positive vessels. Twenty
days after immunization, blood vessels tended to be p75 and
trkA negative, whereas a large area of cortex showed p75-like
immunoreactive neurons. Moreover, few trkA-positive ele-
ments were still present. A similar phenomenon was observed
in CFA-injected rats, but staining was less intense in both
blood vessels and adjacent neurons.

nNOS mRNA Regulation. nNOS mRNA expression was
investigated in lamina X of the spinal cord, where NOS is
constitutively expressed in neurons around the central channel,
and in the cerebral cortex, where NO-producing neurons are
scattered in all areas and layers. A significant increase in nNOS
mRNA expression was found early after immunization in both
areas during EAE. However, there was a return to normal
when the clinical signs of the disease diminished (Fig. 4). No
variations in nNOS mRNA expression were found at any of the
investigated times in CFA-injected rats.

CRH Regulation of the HPA Axis. CRH mRNA expression
in the PVN fell dramatically 4 days after immunization in EAE
rats (Fig. 54). A temporary recovery was observed after 6, 8,
and 10 days, and a second fall was observed after 20 days. A
similar profile also was found in early phases of inflammation
in CFA-injected rats. However, the CRH mRNA recovery in
this group was slower, complete, and stable until the end of the

(F and G) Mast cells stained metachromatically violet by toluidine blue in the thalamus. (H-L) p75-immunoreactive neurons in the cerebral cortex
of EAE rats 20 days after inmunization. Small, stellar, p75-positive cells adherent to the wall (M), and fibers around blood vessels (V) were observed
all over the brain and spinal cord. (O-R) trkA-immunoreactive cells in the cerebral cortex of EAE rats 20 days after immunization. Asterisks indicate
the lumen of blood vessels. (Bars: A4, I, and O, 50 um; B and C, 25 um; D-G, L-N, and P-R, 25 um; H, 10 pm.)
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FiG. 5. (4) CRH and (B) nNOS mRNA expression in the PVN
during EAE (@), CFA-induced arthritis (O), and in control rats
(stippled band). Statistical analysis: ANOVA and Dunnett’s test, *,
P < 0.05, #x, P < 0.01; a, Student’s ¢ test, P < 0.05.

experiment. NOS mRNA expression in the PVN also de-
creased in the early phases of both central (EAE) and periph-
eral (CFA) inflammation, but NOS mRNA expression already
had returned to control level in both experimental groups and
kept steady after 6—8 days (Fig. 5B).

DISCUSSION

In the EAE time-course experiments reported in this study, we
have correlated neuroendocrine events to variations of NGF,
NGF receptor, and inducible and neuronal isoforms of NOS,
compared with arthritic and control rats. iNOS-positive cells were
found in the inflammatory cellular infiltrate in perivascular and
submeningeal areas in EAE during transition from the acute to
chronic phase. mRNA expression for the neuronal isoform of
NOS also was up-regulated in the cerebral cortex and spinal cord
during EAE. We have demonstrated opposite modifications of
NGF content in different brain areas in EAE, i.e., increased
content in the thalamus and decreased content in the spinal cord
and medulla oblongata at specific time points. Moreover, up-
regulation of NGF receptors in different brain areas and the
spinal cord was found in EAE. Similar, but reduced, changes in
NGF content and NGF receptor regulation also were observed in
CFA-injected rats. A paradoxical down-regulation of CRH
mRNA expression in the PVN preceded EAE-induced brain
inflammation and chronic exacerbation of EAE.

Stress response of the HPA axis plays a crucial role in health,
because all HPA hormones are involved in the regulation of
the body homeostasis, the immune system, and neuron survival
(7). In particular, inflammatory and immune mediators, in-
cluding IL1, IL2, and tumor necrosis factor, stimulate the HPA
axis at hypothalamic level (5), and this is a crucial mechanism
in response to inflammation. Here we have demonstrated that
a defect in CRH-mediated regulation of the HPA axis precedes
the peak of clinical severity in acute exacerbation of EAE and
also the chronic-relapsing phase. On the contrary, the initial
fall in CRH mRNA expression gradually is restored in arthritic
rats, when they recover from the disease. A defect of biosyn-
thesis of CRH, which could account for the defective HPA axis
responses to inflammation, has been described in Lewis rats (6,
16), in which ILla is unable to induce CRH release from
explanted hypothalami (6). The impairment of CRH up-
regulation observed during critical phases in EAE could affect
inflammatory/immune response through peripheral hor-
mones (ACTH and glucocorticoids) or through CRH itself. In
fact, it has been reported, that cerebral administration of CRH
affects natural killer cell cytotoxicity via the autonomic ner-
vous system (see ref. 17). CRH receptors are also present on
monocytes and CRH suppress leukocyte chemotaxis (see ref.
17). nNOS mRNA in the PVN follows CRH mRNA modifi-
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cation during inflammatory stress. A role for NO in modulat-
ing CRH release induced by IL18 (18, 19) and IL2 (20) has
been suggested by in vitro experiments, and parallel regulation
of CRH and NOS mRNAs in the PVN has been described in
different stress paradigms (21, 22).

We have described interesting regulation of NOS isoforms,
which might be involved in the evolution from acute to chronic
EAE. In many systems and in different pathological condi-
tions, the free-radical NO derives from different cellular
sources, forming networks of paracrine communication (23).
We have found that the transition from the acute to chronic
phase of EAE is characterized by the presence of numerous
iNOS positive cells, presumably macrophages, in perivascular,
submeningeal, and intraparenchimal inflammatory cellular
infiltrates. The appearance of iNOS in the brain has been
described during systemic inflammation caused by LPS (24),
different viral infections, and EAE itself (12). NO produced
close to the BBB can be toxic for endothelium of brain vessel,
as demonstrated in the respiratory epithelium (25) and in the
development of widespread microvascular injury in toxic con-
ditions (26). In fact, inhibition of NOS attenuates BBB dis-
ruption during experimental meningitis (27) and also attenu-
ates clinical signs of EAE, although it has no effect on the
histological lesions (28). Thus, these iNOS-positive cells could
have a role in the breakdown of the BBB, which is a critical
event in transition from the acute to chronic phase of EAE.
iNOS-mediated generation of NO also could be implicated in
the demyelination and destruction of oligondendrocytes (29).

Moreover, we also have shown an increase of nNOS mRNA in
neurons that normally express nNOS. NOS containing neurons
are presumed to be resistant to neurodegeneration and neuro-
toxicity, i.e. during focal cerebral ischemia (30), but neuronal
overproduction of NO may facilitate or mediate neurotoxicity
during ischemia (31), as also has been confirmed using transgenic
mice lacking NOS activity (32). An overproduction of neuronal
NO could represent a molecular mechanism for lesion of the
axon. It has been suggested that axonal loss could be prominent
during EAE, and that demyelination may be a secondary con-
sequence of axon damage, rather then a primary event (see ref.
4). We also have described an increase in nNOS mRNA expres-
sion in sensory ganglia during chronic arthritis, when damage of
joint structures, presumably including fine nerve fibers, takes
place (L.C., M.P. & E. Manzini, unpublished data).

One major finding in this study is the dramatic regulation of
NGF content and NGF receptors expression in different areas of
the brain and spinal cord in EAE. A general concept that can help
to explain this result refers to the cytokine regulation of neuro-
trophins function (33, 34). Cytokines involved in inflammation
and immune responses during EAE, such as IL-18 and tumor
necrosis factor-a (35, 36) are potent inductors of NGF synthesis
in peripheral tissues (37, 38) and in the CNS (34, 39, 40). During
EAE, higher levels of NGF are found in certain brain areas, like
the thalamus and cerebral cortex (41), and a strong up-regulation
of p75- and trk-A-like immunoreactivity also has been found.
NGF receptor-like immunoreactivity appears in perivascular
areas, on neurons, and probably on glial cells. On the other hand,
here we also have described a drop in NGF content in the spinal
cord and medulla oblongata, where the most serious inflamma-
tory cellular infiltrate was found. A reciprocal regulation of NGF
content and receptors has been described in different patholog-
ical conditions (42, 43). In our experimental conditions, we
presume that locally produced or peripheral derived cytokines
induce an increase in NGF content and the resulting receptor
up-regulation. A strong request in brain areas with severe in-
flammation could account for the drop in NGF content in the
spinal cord and medulla oblongata.

NGF content significantly increases in the thalamus during
EAE, and this also could lead to pain and hyperalgesia during
central inflammation (44). Peripheral and central mechanisms
account for NGF-mediated hyperalgesia (45). Peripheral mech-
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anisms probably are triggered by mast cells degranulation,
whereas central mechanism could take place at primary afferent
entry level (45, 46). We found a higher number of thalamic mast
cells in EAE and also an increase in mast cell degranulation (41).
Because mast cells synthesize NGF (47), they can be a source of
thalamic NGF in EAE, and this mechanism also could give rise
to central pain during multiple sclerosis. However, we also should
consider the possibility of peripheral sources of NGF, in view of
BBB breakdown during EAE (48), or glial origin, because
astrocytes can synthezise NGF (49). A likely consequence is that
thalamic NGF also is involved in the development of central
hyperalgesia during EAE.

We should mention that some of the NGF and NGF-receptor
alterations that we found during EAE also have been found
during CFA-induced arthritis. This is not surprising considering
that arthritis is also an inflammatory disease involving central
processes, like thermal regulation and hyperalgesia. However,
NGEF receptor up-regulation in perivascular areas is much stron-
ger in EAE than in arthritis, and this could be due to the severity
of the diseases (EAE is a chronic-relapsing disease, whereas
CFA-induced arthritis recovers within 20 days), or to the local-
ization of inflammation areas (in the brain during EAE, in the
periphery during CFA-induced arthritis), or to the relative im-
portance of autoimmune components.

In conclusion we suggest that the development of EAE
requires a peculiar neuroendocrine profile of the HPA axis and
the coordinated presence of molecules that can be produced
and interact with different cell types and body compartments.
NGF and NO could be candidates for this. The CRH-mediated
deficit of HPA axis response encourages the early immuno-
logical stage of EAE, which is characterized by increased levels
of cytokines. During this stage, the up-regulation of nNOS
could represent a protection strategy of certain neuronal
populations, but it also could indicate a molecular mechanism
causing axonal damage preceding demyelinization. Cytokines
induce NGF accumulation around vessels and, consequently,
up-regulation of NGF receptors. NGF itself could act as an
immunomodulator. A second fall in CRH mRNA expression
favors the massive perivascular and intraparenchimal cellular
infiltration that supports the chronic phase of EAE. iNOS
positive cells present here could lead to the physical break-
down of BBB. Our data support the hypothesis that acute
symptoms are sustained by inflammatory and immune events
that do not require recruitment of peripheral cells into the
brain and spinal cord, whereas the chronic, long-lasting phase
is characterized by severe morphological modifications includ-
ing demyelinization. Thus, diagnostic and therapeutic efforts
must be directed to molecules involved in the evolution from
the acute to chronic phase.
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