
CNS Immune Responses Following Experimental Stroke

Dannielle Zierath, Matthew Thullbery, Jessica Hadwin, J. Michael Gee, Anna Savos, Angela
Kalil, and Kyra J. Becker
Department of Neurology, University of Washington School of Medicine, Harborview Medical
Center, Box 359775 HMC, 325 9th Ave, Seattle, WA 98104-2499, USA
Kyra J. Becker: kjb@u.washington.edu

Abstract
Background and purpose—Animals subjected to an inflammatory insult with
lipopolysaccharide (LPS) at the time of stroke are predisposed to develop a detrimental autoimmune
response to myelin basic protein (MBP). In this study, we sought to determine whether other
inflammatory stimuli could similarly invoke central nervous system (CNS) autoimmunity and
whether these detrimental autoimmune responses occurred to antigens other than MBP.

Methods—Male Lewis rats underwent 3 h middle cerebral artery occlusion (MCAO) and received
intraperitoneal injections of LPS, staphylococcal enterotoxin B (SEB), lipoteichoic acid (LTA) or
saline at the time of reperfusion. Behavioral tests were performed at set time intervals after MCAO
and animals were sacrificed at 1 month to analyze the immune response to MBP, neuron specific
enolase (NSE) and proteolipid protein (PLP).

Results—Lymphocytes from SEB treated animals were highly reactive to all tested CNS antigens,
but treatment with LPS was most likely to lead to a TH1(+) response. A TH1(+) response to MBP,
NSE or PLP in spleen was associated with worse outcome, although the response to NSE was most
predictive of poor outcome. Animals with a cell mediated autoimmune response to either MBP or
NSE in spleen had a concomitant humoral response to these antigens.

Conclusions—These data show that LPS, but not other inflammatory stimuli, increase the
likelihood of developing a detrimental autoimmune response to an array of brain antigens.
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Introduction
Pathogen-associated molecular patterns (PAMPs) are molecular motifs that are highly
conserved within a class of microbes. PAMPS are capable of initiating the innate immune
response through activation of toll-like receptors (TLRs) [1].

Lipopolysaccharide (LPS), a component of the Gram-negative bacterial cell, is a prototypical
PAMP and a potent activator of the innate immune response; this effect of LPS is mediated
through TLR4 [2]. In previous studies we showed that animals subjected to a systemic
inflammatory insult with LPS at the time of stroke develop a deleterious autoimmune response
to the central nervous system (CNS) antigen myelin basic protein (MBP) [3]. Several recent
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studies demonstrate a role for TLR4 in potentiating cerebral ischemic injury in experimental
stroke [4–6].

Infections are common following stroke and are associated with worse outcome [7,8]. The risk
of infection is highly associated with stroke severity [7], and patients with the most severe
strokes tend to be cared for in the intensive care unit setting. The detrimental effects of LPS
on stroke outcome are therefore clinically relevant. It is not just Gram-negative bacteria that
cause infections, however, so in the current study we sought to determine whether activation
of TLR2 (using lipoteichoic acid [LTA], a component of the Gram-positive cell wall) would
similarly induce CNS autoimmunity and worsen outcome in an animal model of severe stroke.
We also assessed the immune response to other CNS antigens, namely neuron specific enolase
(NSE) and proteolipid protein (PLP). Finally, the effect of the bacterial superantigen
staphylococcal enterotoxin B (SEB), an antigen non-specific activator of T cells, on stroke
outcome and the development of post-ischemic autoimmunity was assessed.

Methods
Animals

Experiments were approved by the Institution's Animal Care and Use Committee. Male Lewis
rats (250–300 g) were used for all studies.

Middle Cerebral Artery Occlusion (MCAO)
Anesthesia was induced with 5% and maintained with 1.5% isoflurane. After midline neck
incision, the right common carotid, internal carotid and pterygopalatine arteries were ligated.
A monofilament suture (4.0) was inserted into the common carotid artery and advanced into
the internal carotid artery to occlude the origin of middle cerebral artery (MCA) [9]. Animals
were maintained at normothermia during surgery and reperfused 3 h after MCAO. In sham-
operated animals, the suture was inserted into the carotid artery but not advanced. Rectal
temperature and body weight were assessed at set time intervals. Animals were sacrificed 1
month after surgery.

Administration of Immunologically Active Substances
All immunologically active substances were purchased from Sigma and administered
intraperitoneally at a dose of 1 mg/kg (mixed as 1 mg/ml) 3 h after MCAO (at reperfusion) or
sham surgery. Animals were treated with endotoxin-free saline (“controls”, 1 ml/kg; n = 21),
LPS (from Escherichia coli, serotype 026:B6; n = 30), SEB (from Staphylococcus aureus,
strain #S6; n = 20) or LTA (from S. aureus, strain # DSM20233; n = 30); doses were chosen
based on prior experience and literature review [3,10,11]. Sham surgery was performed on
saline (n = 4), LPS (n = 5), SEB (n = 4) and LTA (n = 6) treated animals.

Neurological Outcome
Neurological outcome was assessed at set time points. Tests included a modification of the
Bederson scale (0 = no deficit, 1 = holds forepaw in flexed posture, 2 = inability to resist lateral
push, 3 = circling, 4 = agitated circling, 5 = stupor), performance on the rotarod and
performance on the foot fault test [12,13]. Only animals that had a neurological score of at
least 3 were included in the study. For the rotarod, animals were trained prior to surgery until
they could remain on the rotating rod at 5 rpm for 100 s; following surgery, the longest time
animals could remain on the rotarod before falling (100 s maximum) was recorded (using the
best of 3 trials). For the foot fault test, rats were placed on a wire grid for 3 min and the number
of times the affected front paw slipped through the grid per total number of steps taken was
recorded.
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ELISPOT Assay
Animals were sacrificed 1 month after MCAO/sham surgery and mononuclear cells (MNCs)
isolated from the entire forebrain and spleen using previously described methods [3,14]. MNCs
were cultured (1 × 105 cells/well) for 48 h in 96-well plates (MultiScreen®-IP; Millipore) in
media alone or in media supplemented with MBP (50 μg/ml; Sigma), NSE (10 μg/ml; Sigma)
or PLP 139-151 (10 μg/ml; ANASPEC). All experiments were performed in triplicate.
Antigen-specific secretion of IFN-γ (number of spots with antigen above number of spots in
media alone) was used as an indicator of the TH1 response; antigen-specific secretion of TGF-
β1 (number of spots with antigen above number of spots in medial alone) was used as an
indicator of the TREG response. Spots were counted by two independent investigators blinded
to treatment status and aided by a semi-automated software system (Metamorph®). Results are
expressed as the ratio of the increase in the number of antigen-specific IFN-γ secreting cells
to the ratio of the increase in the number of antigen-specific TGF-β1 secreting cells. Based on
previous ELISPOT data from our laboratory, the lower interquartile range for this ratio in
animals sensitized to MBP (by injection in complete Freund's adjuvant) was 1.48 [15]. We
thus considered animals to have a TH1(+) response to the antigen of interest if the ratio of the
IFN:TGF response was ≥1.48.

Enzyme-Linked ImmunoSorbent Assays (ELISAs)
Blood was collected by cardiac puncture at the time of sacrifice; serum was stored at −80° until
use. Fractalkine (CX3CL1) concentrations were assessed using a commercially available kit
(R&D Systems). Titers of IgG antibodies specific for MBP, NSE, and PLP were measured
using indirect ELISA; data are presented as relative optical density units.

Statistics
Data are displayed as mean ± standard error of the mean (SEM). Categorical data were
evaluated using the χ2-test statistic. Parametric data were compared using the t-test or analysis
of variance (ANOVA) with post-hoc Dunnett's test. Significance was set at P < 0.05.

Results
Effects of LPS, LTA and SEB Treatment

Mortality rates were 18/30 (60%) in LPS treated, 2/20 (10%) in SEB treated, 12/30 (40%) in
LTA treated and 6/22 (27%) in saline treated animals (P = 0.003). With the exception of one
SEB treated animal that died between weeks 3 and 4 of an unknown cause, all deaths occurred
within 48 h of MCAO and were felt to be related to herniation. There were no deaths among
sham-operated animals.

Body temperatures were similar following MCAO, except at 6 h when the rectal temperature
was higher in LPS than saline treated animals (Fig. 1a). Animals treated with LPS tended to
have consistently higher (worse) neurological scores than saline treated animals over the first
week of the study (although neurological scores were highest in LTA treated animals at 1 month
after MCAO; Fig. 1b). Changes in body weight differed significantly among treatment groups
(P = 0.036), with LTA treated animals regaining the least and SEB regaining the most weight
(Fig. 1c); these changes, however, did not differ significantly from saline treated animals.
Behavioral outcome was also similar among experimental groups with no differences in
performance on the foot fault test (Fig. 1d) or on the rotarod (Fig. 1e). There were no differences
in the change in body weight, temperature or neurological outcome of LPS, LTA, SEB or saline
treated sham-operated rats (data not shown).

Animals treated with LPS had higher circulating titers of MBP antibodies (0.487 ± 0.073 optical
units) and NSE antibodies (0.181 ± 0.056 optical units) than control animals (0.254 ± 0.041
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optical units; P = 0.002 and 0.0173 ± 0.008 optical units; P = 0.001, respectively). There were
no significant differences in the titers of these antibodies among SEB, LTA and saline treated
animals. PLP antibody titers were similar among all treatment groups.

Immune Responses to Brain Antigens
MNCs isolated from the forebrain of LPS (15.5 × 106 ± 1.3 × 106; P = 0.03), SEB (18.1 ×
106 ± 2.3 × 106; P = 0.009) and LTA (16.3 × 106 ± 4.5 × 106; P = 0.08) treated animals were
greater in number than in control animals (8.9 × 106 ± 1.6 × 106). Splenocyte numbers were
similar in all treatment groups. SEB treated animals had the most robust responses to the tested
antigens (MBP, NSE and PLP) in both brain (Fig. 2a) and spleen (Fig. 2b). These responses,
however, were similarly robust for IFN-γ and TGF-β1, such that there was no difference in the
ratio of the relative increase in the number of antigen-specific IFN-γ secreting cells to the
relative increase in the number of antigen-specific TGF-β1 secreting cells (the “TH1 response”)
to MBP, NSE or PLP between SEB and saline treated animals.

The degree of the TH1 response to MBP, NSE and PLP among MNCs isolated from brain was
similar for LPS, SEB, LTA and saline treated animals; a more robust TH1 response, however,
was seen to MBP and NSE in the splenocytes from LPS treated animals (Fig. 3). Moreover,
the proportion of animals evidencing a TH1(+) response to MBP, NSE or PLP in spleen was
greater in LPS treated animals; there were no differences in the proportion of animals
evidencing a TH1(+) response to any of these antigens as detected in the MNCs isolated from
brain (Table 1).

Given that the differences in the immune response were more evident in spleen, data addressing
the effect of the immune response on outcome will focus on the splenic response. Neurological
scores were consistently higher (worse) among animals with a TH1(+) response to MBP, NSE
or PLP in spleen (Fig. 4). Animals with a TH1(+) response to NSE and PLP in spleen had more
weight loss than those without a TH1(+) response to these antigens (Fig. 5). A TH1(+) response
to NSE in spleen was predictive of worse performance on the foot fault test both early (3 days)
and late (1 month) after MCAO (Fig. 6b), while a TH1(+) response to PLP in spleen was
predictive of worse performance only at 1 month after MCAO (Fig. 6c). In addition, the degree
of the TH1 response to NSE and PLP correlated with performance on the foot fault test, with
those animals displaying a more robust response making more errors (r = 0.335, P = 0.021 for
NSE and r = 0.343, P = 0.018 for PLP). And for animals with a TH1(+) response to NSE in
spleen, higher titers of NSE antibodies also correlated with worse performance on the foot fault
test (r = 0.828, P = 0.006). Performance on the rotarod was also associated with the immune
response to CNS antigens; animals evidencing a TH1(+) response to MBP, NSE or PLP had
shorter latencies to fall than animals without such an immune response (Fig. 7a–c). Further,
there was an inverse relationship between the time spent on the rotarod and the degree of the
TH1 response to MBP (r = −0.304, P = 0.021), NSE (r = −0.396, P = 0.002) and PLP (r =
−0.277, P = 0.037).

Of the 9 animals with a TH1(+) response to MBP in spleen, 7 also evidenced a TH1(+) response
to NSE and 5 evidenced a TH1(+) response to PLP in spleen (Fig. 8a). There were 5 animals
that evidenced a TH1(+) response to all tested antigens, 3 of which received LPS (P = 0.089).
The 5 animals with a TH1(+) response to all antigens performed considerably worse on the
rotarod than other animals (10.5% ± 3.0% vs. 59.3% ± 5.6%; P < 0.001); there was also a trend
toward worse performance on the foot fault test (32.2% ± 8.7% vs. 19.5% ± 2.1%; P = 0.065).
In addition, these animals with cellular immune responses to MBP, NSE and PLP had higher
MBP antibody titers (P = 0.029).

The immune response in brain was not as predictive of outcome following MCAO as the
response in spleen, but animals with a TH1(+) response to MBP in brain performed worse on
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the rotarod at 1 month (data not shown). A TH1(+) response to NSE in brain was also associated
with worse performance on the rotarod 1 month after MCAO and more errors on the foot fault
test 2 weeks after MCAO (data not shown). The robustness of this cellular immune response
to NSE in brain was also inversely correlated to performance on the rotarod (r = −0.345, P =
0.009).

Of the 18 animals with a TH1(+) response to MBP in brain, 8 also evidenced a TH1(+) response
to NSE in brain and 10 evidenced a TH1(+) response to PLP in brain; there were 5 animals that
evidenced a TH1(+) response to all 3 antigens (Fig. 8b). The 5 animals with TH1(+) responses
to all 3 antigens made more errors on the foot fault test (15.3% ± 1.2% vs. 21.2% ± 2.3%; P =
0.030). Interestingly, animals with a TH1(+) response to MBP, NSE and PLP in brain had lower
titers of MBP (P = 0.039) and NSE (P < 0.001), but not PLP, antibodies.

Among the 18 animals with a TH1(+) response to MBP in brain, only 2 (11%) evidenced a
TH1(+) response to MBP in spleen (Fig. 8c). Among the 15 animals with a TH1(+) response to
NSE in brain, 6 (40%) also evidenced a TH1(+) response to NSE in spleen (Fig. 8d). And for
the 15 animals with a TH1(+) response to PLP in brain, only 2 (13%) had evidence of a TH1(+)
response to PLP in spleen (Fig. 8e). Animals with a TH1(+) response to MBP or NSE in both
brain and spleen performed worse on the rotarod (P < 0.001 and P = 0.017, respectively).
Surprisingly, antibody titers to NSE were significantly lower in animals with a TH1(+) response
to this antigen in both brain and spleen (P < 0.001).

Among sham-operated animals, there were no differences in the cellular or humoral responses
to MBP, PLP or NSE among LPS, SEB, LTA and saline treated animals.

Fractalkine
Serum fractalkine concentrations were 526.5 ± 55.3 pg/ml in control animals, 813.7 ± 142.0
(P = 0.087) in LPS treated, 689.4 ± 83.0 pg/ml (NS) in SEB treated and 776.9 ± 54.9 (P =
0.035) in LTA treated animals. There was an inverse correlation between fractalkine
concentrations and performance on the rotarod (r = −0.370; P = 0.026).

Animals with a TH1(+) response to NSE in brain had higher serum concentrations of fractalkine
than those without (857.6 ± 77.6 pg/ml vs. 649.1 ± 42.0; P = 0.021); neither a TH1(+) response
to MBP nor PLP in brain affected the circulating concentration of fractalkine. Fractalkine
concentrations were also higher in animals with a TH1(+) response to MBP, NSE or PLP in
spleen; for individual animals with a TH1(+) response to all 3 antigens, fractalkine
concentrations were markedly elevated (1039.7 ± 20.7 pg/ml vs. 681.7 ± 39.0 pg/ml; P < 0.001).

There were no differences among fractalkine concentrations in sham-operated animals among
LPS, SEB, LTA and saline treated animals.

Discussion
Infections are common following stroke and are associated with worse outcome [7,8]. Typical
infections include pneumonias, which are caused by both Gram-positive and Gram-negative
bacteria, and urinary tract infections, which are generally caused by Gram-negative bacteria
[8]. LPS is a component of the Gram-negative bacterial cell wall and LTA a component of the
Gram-positive cell wall. Both LPS and LTA are examples of PAMPs capable of initiating the
innate immune response through activation of TLRs; LPS mediates its effects through TLR4
while LTA mediates its effects through TLR2 [1].

Multiple lines of evidence suggest that activation of the TLRs provides an important link
between innate and adaptive immunity [16,17]. In the current study, administration of LPS
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itself was not associated with worse outcome at 1 month after MCAO, arguing that it is the
predisposition to the development of an autoimmune response to CNS antigens (MBP, NSE,
PLP) in LPS treated animals that results in the poor outcome. Administration of LTA (a TLR2
agonist), on the other hand, was associated with worse outcomes (higher neurological scores
and less weight gain) following MCAO but did not predispose to the development of a TH1(+)
response to any of the CNS antigens studied. This observation also argues against the possibility
that LPS exacerbated the initial brain injury that predisposed to the generation of an immune
response to brain. Further, we showed in a prior study that infarct size was similar in LPS and
saline treated animals [3]. It is known, however, that lymphocytes function better at higher
temperatures, suggesting that one of the possible mechanisms by which LPS predisposes to
CNS autoimmune responses following stroke is by enhancing lymphocytic responses during
times of blood–brain barrier (BBB) compromise [18].

For a lymphocyte to become activated to a specific antigen, it must encounter that antigen in
context of the major histocompatibility class II (MHC II) molecule and receive an additional
costimulatory signal [19]. In brain, microglia can express MHC II and act as antigen presenting
cells (APCs) [20,21]. LPS and LTA are both capable of inducing APCs in the brain and the
periphery to express the costimulatory signals needed for lymphocyte activation [22–24]. LPS,
however, can also stimulate T cells directly through TLR4 to affect their responses [25]. And
despite the fact that TLR2 stimulation activates dendritic cells, recent studies suggest that
stimulation of TLR2 induces T regulatory responses and protects against autoimmunity [26].
These facts may help to explain why TLR4 activation appears to be a more potent link between
the innate and adaptive immune response than TLR2 activation [27–29].

SEB is a “superantigen” derived from S. aureus; superantigens are capable of activating T cells
in the absence of antigen through interaction with MHC II and the β chain of the T cell receptor
[30]. Since early studies implicated superantigens as an important link to autoimmune disease,
we hypothesized that administration of SEB would be associated with development of an
autoimmune response in our stroke model [31]. More recent data, however, suggest that
superantigens may actually induce immunological tolerance [32]. Despite robust lymphocyte
activation following SEB treatment in the current study, SEB did not predispose to the
development of a TH1(+) response to the CNS antigens examined or worsen outcome. These
findings, in concert, suggest that it may be activation of the innate immune response through
TLR4 that is crucial for the development of detrimental autoimmunity.

T cell responses are characterized by the cytokines produced upon antigen stimulation; TH1
responses are characterized by antigen-induced secretion of IFN-γ and are important for cell
mediated immunity. Regulatory T cell responses (TREG), on the other hand, serve to limit the
immune response and are characterized by antigen-specific secretion of either IL-10 or
TGFβ-1 [33]. We previously showed that the nature of the immune response to MBP following
stroke predicts outcome [3,34]. In the current study, these findings have been extended to show
that TH1(+) responses to NSE and PLP also predict poor outcome; further, the peripheral
immune response was more predictive of poor outcome than the central immune response.
Surprisingly, we did not see a great deal of overlap in the immune response to a given antigen
in brain and spleen among individual animals. Equally surprising was the fact that animals
evidencing a TH1(+) response to MBP and NSE in brain tended to have a decrease in circulating
antibodies to these antigens, an observation not previously documented in the context of other
CNS inflammatory diseases. There are ample data, however, to suggest that the immune
response in the brain and periphery is differentially regulated [35,36].

The fact that a detrimental immune response could be detected to all of the antigens studied
(MBP, NSE, PLP) might argue that these responses reflect a fundamental perturbation of the
immune system that is associated with worse outcome and argue against a pathological role
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for the response. Our experiments cannot directly support or refute that an antigen-specific
response to brain antigens leads to the worse outcome, an issue that will need to be addressed
in future studies. That stroke can lead to a cellular immune response directed toward brain
antigens, however, is demonstrated in patients within weeks of stroke onset; MBP and PLP
specific T cells are found in the peripheral circulation of patients, with increased numbers of
these autoreactive T cells identified in their cerebrospinal fluid [37]. In this clinical study, there
was no attempt to correlate the immune response to MBP or PLP with stroke outcome, and no
data were provided regarding the contribution of infection (and hence, TLR stimulation) to the
development of these cellular immune responses. Other clinical studies have demonstrated the
presence of a humoral response to a variety of brain antigens following stroke, including
neurofilaments and portions of the N-methyl-D-aspartate (NMDA) receptor [38,39]. Whether
or not these circulating antibodies are pathologic is unknown, but multiple studies demonstrate
the presence of an immune response to such antigens in a variety of post-infectious autoimmune
diseases, as well as in chronic neurodegenerative diseases [40–45]. Under normal
circumstances, these antibodies would be excluded from the brain; during periods of BBB
compromise, however, the antibodies could gain reach the parenchyma and have potentially
detrimental effects.

In the current study, administration of LPS was associated with a transient worsening of
neurological function as assessed by the neurological score (Fig. 1b). Given that this effect was
short lived, it can be most easily attributed to the “sickness behavior” associated with LPS
administration [46]. Our data also show that the immune responses to MBP, NSE or PLP
differentially affect the measures of behavioral outcome; the neurological score, the foot fault
test and the rotarod all assess discrete aspects of neurological function. Given that MBP, NSE
and PLP are differentially expressed by cells within the CNS, it seems reasonable that an
immune response directed specifically against one of these antigens could result in distinct
functional impairments. Future studies should address the effect these autoimmune responses
on learning and “cognitive” outcomes.

Fractalkine (CX3CL1) is a chemokine that is highly expressed on neurons and endothelial
cells; the fractalkine receptor (CX3CR1) is expressed on microglia and mononuclear cells
(especially natural killer cells) [47,48]. Fractalkine is cleaved from the surface of neurons
during injury and is highly chemotactic for monocytes [49]. Experimental studies show
increased expression of fractalkine following stroke and improved stroke outcome in transgenic
animals that do not express fractalkine or its receptor [50–52]. Additionally, fractalkine appears
to be useful as a surrogate marker of inflammation in immune mediated diseases [53–55]. In
a previous study we showed that circulating fractalkine concentrations were higher in animals
with a TH1(+) response to MBP [34]. In the current study, a similar elevation in fractalkine
concentrations was seen in animals with a TH1(+) response to NSE and PLP (as well as MBP);
the elevation in circulating fractalkine concentrations was particularly striking among the 5
animals that developed a TH1(+) response to all 3 antigens in spleen. While animals treated
with LPS in our study did not evidence higher concentrations of fractalkine in sera at 1 month
following MCAO, LPS is known to upregulate fractalkine and amplify the TH1 response [56].
It is thus possible that an increase in fractalkine following LPS treatment contributed to the
development of the TH1 response. Whether fractalkine predisposes to worse outcome or is
merely associated with worse outcome, animals with higher fractalkine concentrations perform
less well on the rotarod than those with lower concentrations. To our knowledge, fractalkine
concentrations have not been assessed in patients with stroke; our findings suggest that
circulating fractalkine may be a useful surrogate marker of inflammation in stroke.

In summary, administration of the TLR4 agonist LPS in the immediate post-stroke period is
associated with the development of a detrimental immune response to brain antigens; this
immune response has both a cellular and humoral component. Whether this immune response
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leads to worse outcome or is just associated with worse outcome needs to be addressed in future
studies, as does the dependence of TLR4 in the development of this response. Our findings
may help to explain why infection is associated with worse outcome from stroke and suggest
that infection with Gram-negative organisms would more adversely affect outcome than
infection with Gram-positive organisms.
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Fig. 1.
Effect of LPS, SEB and LTA administration on outcome. Animals treated with LPS had higher
temperatures 6 h after MCAO (a), but temperatures were otherwise similar between treatment
groups. Treatment with LPS was associated with higher (worse) neurological scores at multiple
time points after MCAO, but treatment with LTA was associated with the worst scores 1 month
after MCAO (b). There were significant differences in the degree of weight loss following
MCAO, but the degree of weight loss was not significantly different from that of saline treated
animals (c). Performance on the foot fault test (d) and the rotarod (e) did not differ between
treatment groups. * P < 0.05, ** P < 0.01 compared to saline treatment using ANOVA with
post-hoc Dunnet's
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Fig. 2.
Antigen-specific IFN-γ and TGFβ-1 immune responses in brain and spleen. Treatment with
SEB resulted in marked activation of the immune response, with an increase in the number of
antigen-specific cells producing both cytokines (IFN-γ and TGFβ-1) in brain (a) and spleen
(b). * P < 0.05, ** P < 0.01 compared to saline treatment using ANOVA with post-hoc Dunnet's
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Fig. 3.
TH1 responses to MBP, NSE and PLP; individual animal data. Individual animal data are
presented and depict the ratio of the relative increase in the number of cells responding to MBP,
NSE and PLP with the secretion of IFN-γ to that responding with the secretion of TGFβ-1
among mononuclear cells isolated from brain (a–c) and spleen (d–f). A value ≥1.48 (gray
line) is considered indicative of a TH1 response. * P < 0.05 compared to saline treatment using
ANOVA with post-hoc Dunnet's
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Fig. 4.
Neurological scores as a function of the immune response following MCAO. For animals with
a TH1(+) response to MBP, NSE or PLP in spleen, the neurological scores were higher (worse)
following MCAO (a–c). * P < 0.05, ** P < 0.01 using the t-test
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Fig. 5.
Change in weight as a function of the immune response following MCAO. A TH1(+) response
to MBP in spleen was not associated with a differential in weight gain after MCAO (a). A
TH1(+) immune response to NSE or PLP in spleen was associated with less weight gain after
stroke (b, c), especially for those animals with a TH1 response to PLP. * P < 0.05 using the t-
test
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Fig. 6.
Immunological outcome and foot fault performance. A TH1(+) response to MBP in spleen did
not affect performance on the foot fault test after MCAO (a). Animals evidencing a TH1(+)
response to NSE (b) or PLP (c) in spleen made more errors on the foot fault test 1 month after
MCAO. * P < 0.05, ** P < 0.01 using the t-test
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Fig. 7.
Immunological outcome and rotarod performance. Animals exhibiting a TH1(+) response to
MBP (a), NSE (b) or PLP (c) in spleen performed less well on the rotarod (with shorter latency
to fall) after stroke. * P < 0.05, ** P < 0.01 using the t-test
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Fig. 8.
Overlap in the immune response to antigen in brain and spleen among individual animals. In
both spleen (a) and brain (b), there were 5 animals that evidenced a TH1(+) response to all 3
antigens studied. There was little overlap in the TH1(+) response to MBP (c) or PLP (e) in
spleen and brain, while the overlap for NSE was more substantial (d)
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