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Abstract
Experimental autoimmune neuritis (EAN) is a well-known animal model of Guillain-Barré
Syndrome. In this study, we studied the spatiotemporal expression of interleukin-16 (IL-16)
in the nervous system of EAN rats and pharmacological effects of minocycline on IL-16
expressions in EAN rats. In sciatic nerves and dorsal/ventral roots of EAN rats, IL-16+ cells,
identified as macrophages and T cells, were mainly found to concentrate around blood
vessels. However, in spinal cords, IL-16+ microglial cells were mainly found in lumbar
dorsal horns. Massive IL-16+ cell accumulation in sciatic nerves and spinal roots was
temporally correlated with severity of neurological signs of EAN. Furthermore, a strong
correlation of IL-16+ cell accumulation with local demyelination in perivascular areas of
sciatic nerves, and significant reduction of IL-16+ cell numbers in sciatic nerves and spinal
cords by minocycline suggested a pathological contribution of IL-16+ cells in EAN. Taken
together, robust IL-16+ cell accumulation in the nervous system and its temporal correlation
with severity of neurological signs in EAN might suggest a pathological role of IL-16 in
EAN, which makes IL-16 a potential pharmacological target.
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INTRODUCTION
Experimental autoimmune neuritis (EAN) is an autoantigen-
specific T cell-mediated animal model of human demyelinating
inflammatory diseases of the peripheral nervous system (PNS),
like Guillain-Barré Syndrome (GBS), which is pathogenetically
considered an inflammatory reaction directed against specific com-
ponents of the myelin sheath of peripheral nerves. EAN can be
actively induced by immunization with autoantigen (purified
peptide P0 or P2), and is pathologically characterized by the break-
down of the blood-nerve barrier (BNB), severe demyelination in
the PNS, and accumulation of infiltrated T cells and macrophages.
As a monophasic disease, EAN is clinically characterized by
weight loss, ascending paraparesis/paralysis and spontaneous
recovery (6).

Activated autoreactive T cells, which can recognize peripheral
nerve autoantigens on antigen presenting cells, like monocytes or
Schwann cells, are of importance for the initiation of EAN. Follow-
ing activation, autoreactive T cells attach to the venular endothe-
lium in the PNS, penetrate the BNB, and generate an immune
reaction within the PNS that orchestrates the invasion of auto-
reactive T cells and monocytes and local inflammation. Activated
macrophages cause demyelination by direct phagocytic attack or
secreted inflammatory mediators. Depletion of macrophages and
inhibition of their activity have been shown to suppress the devel-
opment of EAN. In EAN, the local inflammatory reactions are
further enhanced by autoantibodies. Altogether, activation and

accumulation of T cells and macrophages in the PNS are critical to
the EAN development (19).

Interleukin-16 (IL-16), initially named lymphocyte chemoat-
tractant factor, is a cytokine with chemotactic properties, but
lacks the classic structural motifs that would classify it as a
chemokine (4). IL-16 can be produced by a variety of immune
cells, like granulocytes, dendritic cells, T cells, monocytes/
macrophages, and microglial cells (40). IL-16 was found to exert
a wide range of effects on cells, including induction of progres-
sion to the G1 phase, upregulation of CD25, and inhibition of
antigen-specific proliferation, but with retained antigen nonspe-
cific proliferative properties (5). Through its interaction with
CD4, IL-16 acts as a chemoattractant for lymphocytes, mono-
cytes and eosinophils, which express CD4 (29). IL-16 regulates
the proliferation, activation and recruitment of these cells, and the
secretion of proinflammatory cytokines, including IL-1b, IL-6,
IL-15 and tumor necrosis factor-a (TNF-a) from monocytes
(18). Recently, IL-16’s diverse immunoregulatory functions have
been implicated in several infectious, immune and autoimmune
inflammatory processes and diseases, like asthma, rheumatoid
arthritis, multiple sclerosis, viral infections, astrocytic brain
tumors, spinal cord injury and experimental autoimmune
encephalomyelitis (EAE) (5, 8, 15, 34).

Minocycline is a member of the tetracycline class, and, in addi-
tion to its antimicrobial activity, has been shown to possess anti-
inflammatory effects caused by modulating microglial activation,
cytokine and chemokine release, nitric oxide (NO) production,
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cellular apoptosis and so on (39). Our investigation demonstrated
that minocycline greatly decreased the severity and duration of
neurological signs and mechanical allodynia in EAN (Zhang et al,
submitted).

In the present investigation, we analyzed the spatiotemporal
expression of IL-16 in sciatic nerves, dorsal/ventral roots and
spinal cords from EAN rats, its correlation with pathological
progress of EAN, and whether minocycline treatment could alter
the expression of IL-16.

MATERIALS AND METHODS

Animal experiments

Male Lewis rats (8–10 weeks old, 200–250 g, Charles River,
Sulzfeld, Germany) were housed with equal daily periods of light
and dark and free access to food and water. All procedures were
performed in accordance with the published International Health
Guidelines under a protocol approved by the local Administration
District Official Committee.

EAN was induced by immunization using subcutaneous injec-
tion of 100 mg of synthetic neuritogenic P2 peptide into both hind-
paws of anesthetized rats as described previously (32). Rats were
scored daily for the development of EAN. The severity of EAN was
scored as follows: 0—normal, 1—reduced tonus of tail, 2—limp
tail, impaired righting, 3—absent righting, 4—gait ataxia, 5—mild
paresis of the hind limbs, 6—moderate paraparesis, 7—severe
paraparesis or paraplegia of the hind limbs, 8—tetraparesis,
9—moribund, 10—death.

Three rats in each group were sacrificed 7, 11, 13, 15, 17, 22 and
41 days after immunization for the study of sciatic nerves, and
other five normal rats were sacrificed as the control group. Rats
were deeply anaesthetized with ether and perfused intracardially
with 4°C, 4% paraformaldehyde (PFA) in phosphate buffered
saline (PBS). Sciatic nerves were quickly removed and postfixed in
4% paraformaldehyde overnight at 4°C. Sciatic nerves were cut to
two equal long segments, embedded in paraffin and sectioned seri-
ally (3 mm).

To study IL-16 expression in EAN spinal cords and dorsa/ventral
roots, a previously reported EAN spinal cord library (1), containing
tissues at days 6, 10, 12, 15, 18, 24 and 48 (three rats each time
point) was used.

Sciatic nerve and spinal cord library for EAN rats treated with
minocycline or vehicle (PBS) was established in our lab recently
(Zhang et al, submitted). Briefly, EAN rats were intraperitoneally
injected with minocycline (Sigma, Steinheim, Germany; 45 mg/kg
body weight in 1 mL PBS) once daily after immunization, from day
0 to the end of the experiment, day 17. Another group of rats were
injected with the same volume of PBS as control. At day 17, all rats
were sacrificed and tissues were quickly removed for immunohis-
tochemistry (IHC).

IHC

IHC was performed on 3-mm paraffin-embedded sections using
purified mouse monoclonal antibody directed against IL-16
(1:100; BMA, Augst, Switzerland), whose binding site is localized
to the mature processed IL-16 C-terminal part. The specificity of
this antibody has been demonstrated by ELISA, Western blotting

and peptide absorbing experiments by our group previously (31,
34). After dewaxing, sections were boiled (in an 850 W micro-
wave oven) for 15 minutes in citrate buffer (2.1 g citric acid
monohydrate/L, pH 6) (Carl Roth, Karlsruhe, Germany). Endog-
enous peroxidase was inhibited by 1% H2O2 in pure methanol
(Merck, Darmstadt, Germany) for 15 minutes. Sections were incu-
bated with 10% normal pig serum (Biochrom, Berlin, Germany) to
block nonspecific binding of immunoglobulins and then with the
IL-16 antibody overnight at 4°C. Antibody binding to tissue sec-
tions was visualized with a biotinylated rabbit antimouse IgG anti-
body (1:400; DAKO, Hamburg, Germany). Subsequently, sections
were incubated with a horseradish peroxidase-conjugated Strepta-
vidin complex for 30 minutes (1:100; DAKO), followed by devel-
opment with diaminobenzidine (DAB) substrate (Fluka, Neu-Ulm,
Germany). Finally, sections were counterstained with hemalum. As
negative controls for EAN diseased sciatic nerves, spinal roots and
spinal cords, the primary antibodies were omitted.

Double staining

In double-staining experiments, spinal cord and sciatic nerve sec-
tions were immunolabeled as described above.Then, they were once
more irradiated in a microwave for 15 minutes in citrate buffer and
were incubated with 10% normal pig serum (Biochrom). Subse-
quently, the sections were incubated with the appropriate second
primary monoclonal and polyclonal antibodies for 1 h at room
temperature. The following antibodies were used: ED1 (1:100;
Serotec, Oxford, UK) for activated microglia/macrophages, W3/13
(1:50; Serotec) for T lymphocytes, OX-62 (1:50; Serotec) for den-
dritic cells and S100 (1:500; Dako) for Schwann cells in the PNS.
Consecutively, visualization was achieved by adding secondary
antibody at a dilution of 1:400 in tris buffered saline with bovine
serum albumin (TBS-BSA) for 30 minutes, and then alkaline
phosphatase-conjugatedAvidin complex diluted 1:100 inTBS-BSA
for another 30 minutes. Finally, immunostaining was developed
with Fast Blue BB salt chromogen-substrate solution, but by omis-
sion of counterstaining with hemalum. The double staining with
monoclonal antibody against MBP (myelin basic protein; 1:200;
Serotec) for myelinated axon was performed separately.The colora-
tion of this antibody was developed with Histo-Green (green), and
the nuclei were shown by counterstaining with hemalum (blue).

Evaluation and statistical analysis

After immunostaining, sections of each time point were examined
by light microscopy. IL-16 expression was evaluated at the transec-
tions of inflamed sciatic nerves and spinal cord and in dorsal/
ventral roots. To semiquantify IL-16 expression, the numbers of
IL-16+ cells were counted. Positive cell counting based on IHC
results has been well developed to semiquantify protein expression
(13). IL-16+ cells were counted manually by independent observers
unaware of the experimental time points. To evaluate IL-16+ cell
numbers in sciatic nerves, four cross-sections for each rat were
evaluated. Microphotos of the whole sciatic nerve cross-sections
were taken under 100¥ magnification using Nikon Coolscope®
(Nikon, Düsseldorf, Germany). IL-16+ cells were counted manu-
ally on these photos, and only positive cells with the nucleus at the
focal plane were counted. Areas of sciatic nerve cross-sections
were measured on the same pictures using software MetaMorph®

Expression of IL-16 in EAN Zhang et al

206 Brain Pathology 19 (2009) 205–213

© 2008 The Authors; Journal Compilation © 2008 International Society of Neuropathology



Offline 7.1 (Molecular Devices, Toronto, Canada). Results were
calculated as arithmetic means of IL-16+ cells per square millime-
ter and standard errors of means (SEM).

To evaluate IL-16+ cell numbers in dorsal/ventral roots, sections
were scanned by light microscop, and 10 dorsal/ventral roots that
have the maximum numbers of IL-16+ cells were selected for each
slide for cell counting. Microphotos were taken for each selected
dorsal/ventral root. IL-16+ cells were counted, and areas of dorsal/
ventral roots were measured using the method described above.
Results were calculated as arithmetic means of IL-16+ cells per
square millimeter and SEM.

To evaluate IL-16+ cell numbers in dorsal horns of lumbar spinal
cord, sections were first examined under dark field microscopy to
determine the lumbar segmental level according to the method of
Molander et al (22). Microphotos were taken for lumbar dorsal
horns selected. IL-16+ cells were counted, and areas of dorsal horns
were measured as described above. For each rat, three coronal
lumbar spinal cord sections were analyzed. Both left and right
dorsal horns were counted for each of the section. Results were
calculated as arithmetic means of IL-16+ cells per square milli-
meter and SEM.

The correlation between axon demyelination and IL-16 expres-
sion was analyzed in sciatic nerves from day 10 and 17 EAN rats.
Cross-sections of sciatic nerve were double-stained for IL-16
(brown) and MBP (for myelin, green). Cell nuclei were counter-
stained by hemalum as blue. For each rat, four cross-sections were
analyzed. Stained cross-sections were evaluated by light micro-
scopy. Under 400¥ magnifications, all perivascular areas present
in cross-sections were analyzed. Numbers of myelinated axons

and IL-16+ cells were counted for each perivascular area by two
independent observers. Arithmetic means were calculated and
expressed as numbers of myelinated axons or IL-16+ cells per
perivascular area. Correlation between numbers of myelinated
axons and IL-16+ cells in all these observation fields was analyzed
subsequently.

Difference of IL-16+ cell counting among different time points
was analyzed by one-way ANOVA followed by Dunnett’s multiple
comparison test (GraphPad PrismTM 4.0 software, GraphPad Soft-
ware, San Diego, USA). Correlation analysis was evaluated by
checking Spearman’s correlation coefficient (for nonparametric
correlation) (GraphPad PrismTM 4.0 for Windows). For all statisti-
cal analysis, significance levels were set at P < 0.05.

RESULTS

Development of EAN

Rats developed the first neurological signs of EAN (reduced tonus
of tail) 12 days after immunization. Severity of neurological signs
was maximal at day 15 (arithmetic mean of neurological scores:
5.3 � 0.3). Soon after that, rats recovered fast from EAN and no
neurological signs were observed by day 22 (Figure 1A).

IL-16 expression in rat sciatic nerves
following EAN

IL-16 expression in sciatic nerves of normal and EAN rats was
studied using IHC. No immunoreactivity was detected in control

Figure 1. Time courses of neurological signs and IL-16+ cell accumula-
tion in EAN. (A) Score of EAN severity. Rats were immunized with
synthetic neuritogenic P2 peptide and monitored for development of
EAN. Severity of the disease was graded as described in Experimental
Procedures. Results are given as arithmetic means of neurological
scores � standard errors of means (SEM). (B–D) The time course of
lesional IL-16+ cell numbers in sciatic nerves (B), dorsal/ventral roots
(C) and spinal cord (D) of EAN rats. The numbers of IL-16+ cells were

counted in whole cross section of sciatic nerves, dorsal/ventral roots
of each rat, and lumbar dorsal horns as described in Experimental Pro-
cedures. Data were calculated as arithmetic means of IL-16+ cells per
square millimeter and SEM. Statistical analysis was performed by
one-way ANOVA followed by Dunnett’s multiple comparison test
(GraphPad PrismTM 4.0 software, GraphPad Software, San Diego,
USA). Abbreviations: IL-16 = interleukin-16; EAN = experimental
autoimmune neuritis.
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staining for EAN-diseased sciatic nerves without primary IL-16
antibody (Figure 2A). In sciatic nerves of normal rats, immunore-
activity of IL-16 was observed in single cells around vessels
(40.5 � 10.1 IL-16+ cells per mm2) (Figures 1B and 2B). Follow-
ing immunization, slight accumulation of IL-16+ cells was
observed at day 7 (131.5 � 32.3 per mm2, n = 3, P > 0.05, com-
pared with normal control). Accumulation of IL-16+ cells became
significant at day 11 (305.8 � 41.5 per mm2, n = 3, P < 0.05,
compared with normal control), and maximal cell numbers were
recorded at day 15 (601.7 � 57.6 per mm2, n = 3, P < 0.01, com-
pared with normal control) (Figure 2C). Subsequently, a consider-
able decrease of numbers of IL-16+ cells was observed at day 22
(302.8 � 94.3 per mm2, n = 3, P > 0.05, compared with normal
control) (Figure 2D) and finally returned to normal control level by
day 41 (89.7 � 25.1 per mm2, n = 3, P > 0.05, compared with
normal control) (Figure 1B).

In sciatic nerves, IL-16+ cells were not uniformly distributed.
IL-16+ cells were mainly observed in perineurium and concentrated
around vessels, but infiltration of IL-16+ cells could be seen in
endoneurium of sciatic nerves as well (Figure 2E,F).

Accumulated IL-16+ cells in sciatic nerves were further charac-
terized by double staining with monoclonal antibodies directed

against activated macrophages (ED1), pan-T cells (W3/13),
dendritic cells (OX-62) and polyclonal antibody against
Schwann cells (S100). Three representative time points, days 7, 15
and 22, were selected for double-staining experiments. Most
IL-16+ cells were identified to be macrophages (ED-1+)
(Figure 2G). At day 7, about 60% of IL-16+ cells coexpressed
CD68 (ED-1 staining), and this fraction increased to 70% at day
15 and to about 80% at day 22. About 35% ED-1+ cells were
observed IL-16 positive at day 7 and more than 55% at day 15.
However, only less than 15% macrophages (ED-1+) expressed
IL-16 at day 22. Another major cellular sources of IL-16 were T
cells (W3/13+ cells) (Figure 2H). At day 7, about 30% IL-16+ cells
were T cells, and this fraction decreased to 20% and 10% at day 15
and 22, respectively. Nearly 70% W3/13+ cells were double stained
with IL-16 at day 7, and this percentage increased slightly up to
about 80% at day 15. But at day 22, only the half of T cells coex-
pressed IL-16. Further, only a small population (about 3%) of
IL-16+ cells were found to coexpress OX-62, indicating that den-
dritic cells expressed IL-16 as well (Figure 2I). But no IL-16+ cells
double stained with S100 were observed in our study. Therefore,
the major cellular sources of IL-16 in sciatic nerves of EAN rats
were macrophages and T cells.
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Figure 2. Immunohistochemical labelling
of IL-16 in sciatic nerves of EAN rats. No
immunoreactivity was seen in control staining
for EAN-diseased sciatic nerves without
primary IL-16 antibody (A). In normal rat sciatic
nerves, IL-16 expression was only occasionally
observed in single cells (B). At day 15, the
cellular accumulation of IL-16+ cells was
maximal and seen mainly around vessels (C).
Until day 22, the accumulation of IL-16+ cells
decreased rapidly (D). At low magnifications,
the distributions of accumulated IL-16+ cells
can be clearly observed throughout the entire
cross-sections of sciatic nerves. IL-16+ cells
were mainly observed in perineurium and
endoneurium, and concentrated around
vessels, especially during the early (day 11) (E)
and acute (day 15) (F) phase of EAN. Further
double-labeling experiments showed that over
70% IL-16+ (brown) cells (arrow) coexpressed
ED-1 (blue), (G) representing active
macrophages, and about 20% IL-16+ (brown)
cells (arrow) coexpressed pan-T-cell marker
W3/13 (blue) (H) at day 15. Only a small
population (about 3%) of IL-16+ cells (brown)
(arrow) were found to coexpress OX-62 (Blue)
(I). Abbreviations: IL-16 = interleukin-16;
EAN = experimental autoimmune neuritis.
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IL-16 expression in rat dorsal/ventral roots
following EAN

No immunoreactivity was seen in control staining for EAN-
diseased spinal roots (Figure 3F) without primary IL-16 antibody.
In dorsal and ventral roots of normal rats, IL-16+ cells were only
occasionally seen (9.0 � 3.8 IL-16+ cells per mm2, Figures 1C and
3A), and their numbers were lower than in sciatic nerves. Signifi-
cant accumulation of IL-16+ cells was observed as early as day 10
(128.5 � 26.3 per mm2, n = 3, P < 0.05, compared with normal
control), was maximal at day 15 (527.9 � 45.9 per mm2, n = 3,
P < 0.01, compared with normal control; Figure 3B) and then
gradually decreased over time (at day 24: 183.4 � 14.4 per mm2,
n = 3, P < 0.05, compared with normal control, Figure 3C) until
the end of our observation period (day 48). Similar to sciatic
nerves, IL-16+ cells were mainly detected to concentrate around
vessels in perineurium and endoneurium.

Double immunostaining revealed that in dorsal/ventral roots,
about 65% IL-16+ cells were macrophages (ED1+) (Figure 3D), and
about 25% IL-16+ cells were T cells (W3/13+) during the acute
phase of EAN (day 15) (Figure 3E).

IL-16 expression in rat spinal cords
following EAN

No immunoreactivity was seen in the control staining for EAN-
diseased spinal cords (Figure 3G) without primary IL-16 anti-
body. In spinal cords of normal rats, IL-16+ cells were rarely seen
(2.4 � 0.4 per mm2) (Figures 1D and 3H). Significant accumula-
tion of IL-16+ cells was detected at day 12 (Figure 3I) after
immunization, and the strongest accumulation was seen at day 18
(Figure 3J). The numbers of IL-16+ cells were more pronounced
in sections of lumbar in comparison with cervical or thoracic
levels, and relatively higher numbers were seen in grey matter
than in white matter, particularly in the dorsal horns. In spinal
cords, the IL-16+ cells exhibited a hypertrophic morphology char-
acterized by enlarged, darkened soma and shorter, thicker and
less branched processes (Figure 3K). Double immunostaining
experiments with ED-1 antibody revealed that almost all IL-16+

cells were ED-1+ (Figure 3L). ED-1 labeling together with their
morphological characteristics of reactive microglia indicated that
the major IL-16+ cells in the spinal cord of EAN rat were reactive
microglia.
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Figure 3. Immunohistochemical labeling of
IL-16 in dorsal/ventral roots and spinal cords of
EAN rats. No immunoreactivity was seen in
control staining for EAN diseased spinal roots
(F) or spinal cords (G) without primary IL-16
antibody. In dorsal/ventral roots of normal rats,
IL-16+ cells could be rarely seen (A). Larger
numbers of IL-16+ cells were observed around
day 15. Similar to in sciatic nerves, IL-16+ cells
were mainly detected to concentrate around
vessels in perineurium and endoneurium (B).
At day 24, the accumulations of IL-16+ cells
were obviously decreased, but the cellular
distribution pattern remained the same (C).
Double labeling experiments showed that
about 65% IL-16+ (brown) cells (arrow)
coexpressed ED1 (blue) (D), and more than
25% IL-16+ (brown) cells (arrow) were double
stained with W3/13 (blue) (E) at day 15. In
spinal cords of normal rats, IL-16+ cells were
rare (H). A significant accumulation of IL-16+

microglia was observed in the areas of lumbar
dorsal horn of spinal cord as early as 12 days
after immunization, (I) and the strongest
accumulation was seen at day 18 (J). More
details of the cellular accumulation and
microglial hypertrophic morphology (arrow) are
represented in (K) with a higher resolution.
Further double staining with ED-1 (blue) also
proved that microglia (arrow) were the only
cellular resource of IL-16+ cells in EAN spinal
cords (L). Abbreviations: IL-16 = interleukin-16;
EAN = experimental autoimmune neuritis.
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As IL-16+ cells were relatively more abundant in dorsal horns, we
further semiquantified numbers of IL-16+ cells in dorsal horns of
EAN rats at different time points. Some accumulation of IL-16+ cells
were detected in the dorsal horns as early as 6 days after immuniza-
tion (9.7 � 2.4 per mm2, n = 3, P > 0.05, compared with normal
control), and a significant accumulation was observed at day 12
(45.7 � 6.7 per mm2, n = 3, P < 0.05, compared with normal
control) (Figure 1D).The maximal accumulation of IL-16+ cells was
seen at day 18 (66.7 � 4.8 per mm2, n = 3, P < 0.01, compared with
normal control) (Figures 1D and 3J). Thereafter, numbers of IL-16+

cells decreased rapidly and returned to normal level at day 48 (day
24: 23.6 � 4.7 per mm2, n = 3, P > 0.05; day 48: 7.9 � 3.1 per mm2,
n = 3, P > 0.05, compared with normal control). The pattern of
appearance of IL-16+ cells in lumbar dorsal horns was different from
the patterns described above, as a slight cellular accumulation could
be observed already at day 6, but maximal cell numbers were seen 3
days after maximal disease severity.

Correlation of IL-16 expression with
EAN severity

In sciatic nerves, the accumulation of IL-16+ cells appeared
earlier and persisted longer compared with the development of

neurological signs. However, the maximum levels of IL-16+ cells
and clinical scores were found at the same day (day 15), and the
significant accumulations of IL-16+ cells were observed in accor-
dance with the severity of EAN. Further correlation analysis
proved a significant positive correlation of the time course of
IL-16+ cell accumulation in sciatic nerves with the time course of
neurological scores of EAN rats in our observation (r = 0.87;
P < 0.01) (Figure 4A).

In the dorsal/ventral roots of EAN rats, even after the disap-
pearance of neurological signs by day 22, minor IL-16+ cell infil-
trations could still be observed at days 24 and 48, but in general,
the time course of IL-16+ cell accumulation was similar to that of
neurologic severity of EAN. Further, correlation analysis showed
that a significant positive correlation existed between the time
course of IL-16+ cell accumulation in dorsal/ventral roots and the
time course of neurological scores of EAN (r = 0.85; P < 0.01)
(Figure 4B).

In addition, a negative correlation between numbers of infiltrated
IL-16+ cells in perivascular areas—where there are hotspots of
demyelination in EAN—with local myelinated axons, was found in
sciatic nerves of EAN rats (Figure 4C, r = -0.83; P < 0.001), indi-
cating more IL-16+ cells in perivascular areas with less myelinated
axons (Figure 4D,E).
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Figure 4. Correlation of IL-16+ cell
accumulations with the pathology of EAN.
(A,B) Time course of IL-16+ cell accumulation
in sciatic nerves (A) and dorsal/ventral roots
(B) was positively correlated with that of the
neurological scores in EAN rats. IL-16+ cells
were counted as described in Experimental
Procedures. Correlation analysis was evaluated
by checking Spearman’s correlation coefficient
(for nonparametric correlation) (GraphPad
PrismTM 4.0 for Windows, GraphPad Software,
San Diego, USA). (C) A significant negative
correlation between numbers of IL16+ cells
with numbers of myelinated axons in
perivascular areas of sciatic nerves from days
10 and 17 EAN rats was observed. The
counting of IL-16+ cells and myelinated axons
was described in Experimental Procedures.
Representative microphotos of two
observation fields are presented to show that
high IL-16 expression was related with low
numbers of myelinated axons (E), and weak
IL-16 expression was associated with high
numbers of myelinated axons (F) in
perivascular areas. Abbreviations:
IL-16 = interleukin-16; EAN = experimental
autoimmune neuritis.
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IL-16 expression following
minocycline treatment

Minocycline has been shown to reduce the severity and duration of
neurological signs and mechanical allodynia in EAN by our group
(Zhang et al, submitted). Here we analyzed the effects of minocy-
cline on IL-16 expression.

IL-16 expression in sciatic nerves and lumbar dorsal horns was
analyzed in day 17 EAN rats treated with minocycline or PBS by
IHC. In sciatic nerves of minocycline-treated EAN rats, numbers
of IL-16+ cells were significantly reduced compared with PBS-
injected controls at day 17 (126.0 � 28.1 per mm2, n = 5, P < 0.01,
compared with PBS group 486.6 � 50.9 per mm2; Figure 5A). In
lumbar dorsal horns of day 17 EAN rats, numbers of IL-16+ cells
were also significantly decreased after treatment with minocycline
(11.2 � 1.1 per mm2, n = 5, P < 0.01, compared with PBS group
62.2 � 3.0 per mm2; Figure 5B).

DISCUSSION
Here we have analyzed the expression of IL-16 in sciatic nerves,
dorsal/ventral roots and spinal cords of EAN rats. The major IL-16+

cells were identified as infiltrated macrophages and T cells in
sciatic nerves and dorsal/ventral roots, and as reactive microglia
in the spinal cord. The time course of IL-16+ cell accumulation in
sciatic nerves and spinal roots was in accordance with the severity
of neurological signs of EAN and infiltrated IL-16+ cells negatively
correlated with myelinated axons demyelination in perivascular
areas of sciatic nerves. Further, administration of minocycline,
which was known to decrease the severity and duration of neuro-
logical signs and mechanical allodynia in EAN, greatly reduced the
accumulation of IL-16+ cells in sciatic nerves and lumbar dorsal
horns.

IL-16 is a pleiotropic cytokine and a key mediator of inflamma-
tion. Upregulation of IL-16 has been reported in a variety of
inflammatory and autoimmune diseases, such as asthma, inflam-
matory bowel disease, atopic dermatitis, systemic lupus erythema-
tosus, rheumatoid arthritis, graves disease, Whipple’s disease,
delayed-type hypersensitivity, HIV infection in central nervous
system (CNS), multiple sclerosis, EAE, human focal cerebral inf-

arctions and rat spinal cord injury (2, 5, 8, 11, 12, 16, 17, 24, 34).
More importantly, neutralization of IL-16 in several of these disor-
ders has been shown to suppress inflammatory cell infiltration and
greatly improve clinical recovery, like EAE, the central nervous
system analogous disease of EAN (35), trinitrobenzene sulfonic
acid (TNBS)-induced colitis (11) and delayed-type hypersensitiv-
ity reaction (38), which confirms that IL-16 plays an important role
in the pathogenesis of these inflammatory disorders. Here we
observed a robust accumulation of IL-16+ cells in sciatic nerves
and spinal roots in EAN, and the time course of cell accumulations
positively correlated with EAN severity. This observation, together
with pathological roles of IL-16 in autoimmune/inflammatory dis-
orders, may suggest a pathological role of IL-16 in EAN.

IL-16 is expressed by a variety of immune cells, like granulo-
cytes, dendritic cells, CD4+ and CD8+ T cells, monocytes/
macrophages, and microglial cells (40). In our study, IL-16 was
mainly seen in T cells and macrophages. It is interesting to find that
the percentage of IL-16+ T cells to total T cells and IL-16+ macroph-
ages to total macrophages differed at different time points in EAN
sciatic nerves. These observations showed that the expression of
IL-16 in T cells and macrophages varied during EAN, indicating
that alteration of IL-16 production was induced in EAN.

In sciatic nerves and dorsal/ventral roots of EAN rats, immu-
noreactivity of IL-16 was mainly detected in infiltrated macro-
phages and T cells. It has been reported that IL-16 has chemotactic
activities and plays an important role in a variety of inflammatory
and immunomodulatory processes through CD4-dependent and
independent signaling pathways (34). In lymphocytes and mono-
cytes, cross-linking of CD4 by IL-16 results in phosphorylation of
CD4, increase of cellular Ca2+ concentrations and activation of
inositol 1,4,5-trisphosphate (IP3) (3). IL-16 can cause T cell migra-
tion, proliferation and surface expression of the high-affinity IL-2
receptor (CD25) and MHC-II molecules. In macrophages, IL-16
also promotes cell migration and proliferation, and induces expres-
sion of several important proinflammatory cytokines by mono-
cytes, like IL-1b, IL-6, IL-15 and TNF-a (4, 5, 18). Therefore, as a
pleiotropic cytokine, IL-16 may regulate migration and prolifera-
tion of T cells and macrophages, and promotes the release of
several important inflammatory cytokines from these cells. Activa-
tion and infiltration of T cells and macrophages into PNS lesions
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Figure 5. IL-16 expression following
minocycline-treatment in EAN. (A,B) IL-16
expression in sciatic nerves and spinal cords
was analyzed in EAN rats treated with
minocycline (50 mg/kg in 1 mL PBS) or PBS
(1 mL) by IHC. Minocycline or PBS was
intraperitoneally injected once per day
following EAN induction. Rats were sacrificed
at day 17. Bar graphs showing that numbers of
IL-16+ cells in sciatic nerves (A) and in lumbar
dorsal horns (B) of minocycline-treated EAN
rats were significantly lower that of
PBS-treated EAN rats. Abbreviations:
IL-16 = interleukin-16; EAN = experimental
autoimmune neuritis; PBS = phosphate
buffered saline; IHC = immunohistochemistry.
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are critical to the development of EAN (30). Autoreactive T cell
activation is the initial force for the pathological process of EAN.
Macrophages are considered to be the predominant cell population,
which infiltrate into EAN lesions and function as effectors destroy-
ing myelin (33). Therefore, IL-16 might be involved also in the
progression of EAN through regulating infiltration and cytokine
secretion of T cells and macrophages.

Negative correlation of infiltrated IL-16+ cells with local myeli-
nated axons in perivascular areas of sciatic nerves might suggest an
involvement of IL-16 in pathology of demyelination. In EAN,
macrophages are considered to be the predominant effector
destroying myelin (33). In sciatic nerves of EAN, IL-16+ cells were
mainly found in perivascular spaces, which are of particular neu-
roimmunological interest, as they are prime portals of monocyte
transmigration and lymphocyte drainage (7). IL-16 is known to
induce migration of macrophages and indirectly increases vascular
permeability by induction of TNF-a and IL-1b expression (15, 40).
Therefore, it is reasonable to speculate that IL-16 might facilitate
macrophage infiltration and indirectly contribute to axon demyeli-
nation in EAN.

We also observed an upregulation of IL-16 in spinal cord micro-
glia. While EAN mainly affects the PNS, impacts of EAN on spinal
cord were occasionally reported as well, particularly on spinal
microglia, which are very sensitive to changes in the CNS microen-
vironment (25, 28). In the spinal cord, microglia are activated in
response to a variety of peripheral stimuli, resulting from degenera-
tion of central terminals of dying sensory neurons or through the
release of substances by incoming sensory afferents or pain-
responsive neurons in the dorsal horn (37). In EAN spinal cords,
microglia activation is known (1). Our study here further showed
significantly enhanced immunoreactivity of IL-16 in spinal
microglia.

In EAN spinal cords, IL-16+ microglia were most pronounced in
the dorsal horn, an area closely related with nociceptive signaling.
IL-16 is known to stimulate macrophages to secrete proinflamma-
tory cytokines, like IL-6, TNF-a and IL-1b (18), which are
reported to contribute to central sensitization of neuropathic pain
(10). Neuropathic pain, which is caused by the injury and/or
inflammation of the peripheral nerves, is reported in EAN recently
(21), and is a common symptom of GBS, occurring in 55%–85% of
cases (23, 27). Recently, in our group, significant mechanical allo-
dynia in EAN rats was observed at day 9, reaching a maximal level
around day 17 and then slowly recovered until day 37 postimmuni-
zation (Zhang et al, submitted). A correlation analysis was per-
formed, and a significant positive correlation between the time
course of the accumulations of IL-16+ cells in lumbar dorsal horns
with that of mechanical allodynia was established (r = -0.95,
P < 0.001). Therefore, the accumulation of IL-16+ microglial in
dorsal horns might facilitate pain hypersensitivity in EAN.

Minocycline has been reported to possess anti-inflammatory
properties, and is known to inhibit neuropathic pain in a variety of
models (9, 14, 20). Its anti-inflammatory actions were suggested to
be caused by modulating immune cell activation and subsequent
release of cytokines, chemokines, lipid mediators of inflammation,
matrix metalloproteases and nitric oxide (36). And minocycline’s
anti-neuropathic pain activity has been related to microglia deacti-
vation (26). Recently, we proved that minocycline in EAN rats
could reduce severity and duration of EAN neurological signs and
neuropathic pain (Zhang et al, submitted). In this study, we found

that in parallel with the improved recovery from EAN, immunore-
activity of IL-16 in sciatic nerves and spinal cords was also greatly
reduced by minocycline, indicating a potential pathological
involvement of IL-16 in EAN.

In summary, our observations demonstrated a robust accumula-
tion of IL-16+ cells in sciatic nerves, dorsal/ventral roots and spinal
cords of EAN, which temporally correlated with the severity of
neurological signs and mechanical allodynia of EAN, respectively.
A negative correlation of infiltrated IL-16+ cells with local myeli-
nated axons in perivascular areas of sciatic nerves may suggest a
contribution of IL-16 to pathology of demyelination. Furthermore,
minocycline, which proved to reduce severity and duration of EAN
neurological signs and neuropathic pain, decreased numbers of
IL-16+ cells in sciatic nerves and spinal cords as well. Our data here
suggests that IL-16 might play a role in the EAN pathology and
might be considered as a potential target of pharmacological
therapy.
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