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Abstract

Nicotine is a potent inhibitor of the immune response and is protective against experimental
autoimmune encephalomyelitis (EAE). Initial studies suggested that the cholinergic system
modulates inflammation via the a7-nicotinic acetylcholine receptor (nAChR) subtype. We
recently have shown that effector T cells and myeloid cells constitutively express mRNAs
encoding nNAChR a9 and B2 subunits and found evidence for immune system roles for non-a7-
nAChRs. In the present study, we assessed the effects of NAChR a9 or 82 subunit gene deletion on
EAE onset and severity, with or without nicotine treatment. We report again that disease onset is
delayed and severity is attenuated in nicotine-treated, wild-type mice, an effect that also is
observed in a9 subunit knock-out (KO) mice irrespective of nicotine treatment. On the other hand,
2 KO mice fail to recover from peak measures of disease severity regardless of nicotine
treatment, despite retaining sensitivity to nicotine’s attenuation of disease severity. Prior to disease
onset, we found significantly less reactive oxygen species production in the CNS of 2 KO mice,
elevated proportions of CNS myeloid cells but decreased ratios of CNS macrophages/microglia in
a9 or B2 KO mice, and some changes in iINOS, TNF-a and IL-13 mRNA levels in a9 KO and/or
2 KO mice. Our data thus suggest that 2*- and a9*-nAChRs, in addition to a7-nAChRs, play
different roles in endogenous and nicotine-dependent modulation of immune functions and could
be exploited as therapeutic targets to modulate inflammation and autoimmunity.
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Introduction

Results

Nicotinic acetylcholine receptor (nAChR) signalling is thought to have beneficial, natural,
immunosuppressive consequences via what is called the cholinergic anti-inflammatory
pathway (reviewed in (1)). Recent studies, including our own, have shown that exposure to
nicotine significantly delays the onset and markedly attenuates the severity of disease
symptoms in experimental autoimmune encephalomyelitis (EAE), a mouse model for
multiple sclerosis (2—4). Nicotine appears to confer protection against EAE by modulating
multiple immune functions, such as the production of inflammatory mediators and cell
recruitment (1-4).

Early studies suggested that the cholinergic anti-inflammatory pathway acts via a7-nAChRs
(5,6). However, our recent data demonstrated that nicotine may also act via other nAChR
subtypes, since the drug retains the ability to modulate multiple immunological functions in
nAChR a7 subunit knock-out (KO) mice (4). In addition, many immune cell types express
mRNA for multiple nAChR subunits (7-10). In particular, NAChR a9 and 2 subunits are
expressed in CD4* and CD8* T cells, monocytes, dendritic cells and microglia (4).
However, whether a9*- or 2*-nAChRs (where the * indicates that additional NAChR
subunits are known or possible assembly partners with the subunits specified (11)) are
involved in the cholinergic anti-inflammatory pathway is unclear. To test for roles of a9*-
and f2*-nAChRs, and mindful of the fact that nicotine is an agonist at most nAChR
subtypes but is an antagonist at a9*-nAChRs (12), we assessed the ability of nicotine to
modulate EAE onset and severity in nAChR a9 KO or 2 KO mice.

Our previous studies showed that non-a7-nAChRs also may be involved in nicotine’s
protective effects against EAE onset and severity, and that many immune cells constitutively
express NAChR a9 and 2 subunits (4). To determine if a9*-nAChRs also play a role in the
protective cholinergic anti-inflammatory pathway, wild-type (WT) or nAChR a9 KO mice
were immunized with MOG35_g5 on day 0 (4) and treated with phosphate-buffered saline
(PBS) or nicotine (13 mg/kg/day of free base) from Days 0 to 28 (Figure 1A and B). The
average of time of EAE onset (£ S.E.M.) relative to the time of immunization was 8.7 £ 0.9
days in PBS-treated WT mice (WT + PBS) and 15.7 + 3.3 days in nicotine-treated WT mice
(WT + Nic), whereas the average maximum clinical score in WT + PBS mice was 2.7 £ 0.2
and 1.7 £ 0.5 in WT + Nic mice (all n=6, p<0.05). Therefore, nicotine once again delayed
EAE onset and attenuated disease severity in WT mice. Interestingly, disease onset was
delayed (14.5 £ 2.0 days in a9 KO + PBS mice, n=6, and 15.6 £ 1.7 days in a9 KO + Nic
mice, n=7) and maximum clinical score was reduced (1.9 + 0.3 in a9 KO + PBS mice and
1.9+ 0.4 in a9 KO + Nic mice) in a9 KO mice (n = 6 per group), regardless of drug
treatment (p<0.05 for a9 KO + Nic or a9 KO + PBS vs. WT + PBS mice), whereas no
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additional nicotine effect was observed (p>0.05 for a9 KO + Nic vs. a9 KO + PBS mice).
All animals recovered similarly from EAE to a terminal score of 0.5 to 0.7. These data
suggest that a9*-nAChRs play roles in endogenous mechanisms that govern disease
initiation and severity in EAE.

To assess the role of f2*-nAChRs in the cholinergic anti-inflammatory pathway, WT or 2
KO mice were immunized with MOGg3s_s55 on Day 0 and treated with PBS or nicotine from
days 7 to 14 (Figure 1C and D). The timing difference for nicotine treatment in 2 KO as
opposed to a9 KO mouse studies was influenced by osmotic minipump availability when
animals were at the appropriate age for experimentation, but our previous studies showed
that nicotine treatment starting at day 7 or at day 0 is equally effective in reducing disease
severity (2). As expected, nicotine treatment attenuated peak clinical scores (2.2 + 0.2 in WT
+PBSvs. 1.1 £0.3 in WT + Nic mice, p<0.05) in WT mice, and there was delayed onset of
symptoms (9.6 = 0.2 days in WT + PBS vs. 12.0 + 0.5 days in WT + Nic mice, p<0.05, n =
6 per group). In 2 KO mice, nicotine did not have a significant effect on disease onset (10.1
+ 0. 7 days in p2 KO + PBS compared to 11.6 + 1.6 days in 2 KO + Nic mice, p>0.05, n =
6 per group), but it did attenuate maximum clinical score (2.4 + 0.1in 2 KO + PBSvs 1.7 +
0.3 in p2 KO + Nic, p<0.05). Interestingly, none of the f2 KO mice recovered from disease
(Terminal Score 0f 1.9 £ 0.2 in p2 KO + PBS and 1.4 £ 0.4 in 2 KO + Nic mice) to the
same extent as WT mice (Terminal Score of 0.7 £ 0.2 in WT + PBS and 0.6 £ 0.2 in WT +
Nic mice), an effect that reached statistical significance (p<0.05, 2 KO vs. WT mice).
Altogether, these data suggest that f2*-nAChRs are important for natural recovery from
EAE but are not involved in nicotine’s protective effects against EAE onset and severity.

Due to these striking results, we assessed if the lack of recovery in 2 KO mice could be
explained by a difference in CNS inflammation. Luminol is a compound that emits blue
luminescence when exposed to reactive oxygen species (ROS) and thus can be used to
quantify general inflammation in vivo (13). Bioluminescence imaging revealed that
luminescence was significantly lower in f2 KO EAE mice than in their WT EAE
counterparts at day 7 post-immunization (10,000 + 2,300 in WT vs 3,600 + 1,100 in 2 KO
mice, p<0.05, n = 5 per group), whereas no differences were observed at later time points
(Figure 1E). These results suggest that f2*-nAChRs may be involved in endogenous
mechanisms that regulate early stages of inflammation.

One of the key events that is crucial for disease onset is the infiltration of inflammatory cells
to the CNS. Nicotine treatment was previously shown to reduce the numbers of myeloid
cells in the CNS of EAE mice (4). We thus assessed the proportions of macrophages and
microglial cells, based on flow cytometric analysis of CD11b and CD45 expression, in the
CNS of WT (n = 6), a9 KO mice (n = 4) or 2 KO mice (n = 5) on day 7 post-EAE
immunization, which is the day prior to with disease onset in WT EAE mice (Figure 1A). In
WT EAE mice, 12.4 + 1.8 % of total CNS cells were CD11b*/CD45*, while this number
increased t0 23.9 £ 1.1 % in a9 KO or to 21.3 + 1.0 % in 2 KO EAE mice (p<0.001 vs
WT; Figure 2A). This shows that the proportion of CNS myeloid cells increases in a9 KO or
B2 KO EAE mice. We extended this analysis to discriminate microglia (CD11b*/CD45Med)
and infiltrating macrophages/activated microglia (CD11b*/CD45M9") (14). Microglia
accounted for 2.4 + 0.5% of total CNS cells in WT EAE mice but their levels were
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significantly increased t0 9.0 = 1.4% in a9 KO and 14.2 £ 1.2% in f2 KO (p<0.001 vs WT)
EAE mice (Figure 2A,B). Interestingly, the percentage of CNS myeloid cells that were
macrophages/activated microglia increased from 10.0 £ 1.6 % in WT t0 149+ 1.2 % in a9
KO EAE mice (p<0.05 vs WT), while it decreased slightly but not significantly to 7.1 £ 0.5
% in p2 KO EAE mice (p=0.07 vs WT). Thus, the percentage of infiltrating macrophages/
activated microglia as a proportion of CNS myeloid cells was 80.6% in WT EAE mice,
62.3% in a9 KO EAE mice (p<0.05 vs WT mice) and 33.3 + 2.9 % in 2 KO EAE mice
(p<0.001 vs WT mice). To the contrary, the percentage of CNS CD11b*/CD45" cells that
are microglia was 19.4 + 4.1 % in WT EAE mice, 37.7 £ 4.8 % in a9 KO EAE mice
(p<0.01 vs WT) and 66.7 + 2.8 % in 2 KO EAE mice (p<0.001 vs WT). The ratio of
infiltrating macrophages/activated microglia to microglia is significantly decreased in a9
KO (1.70) and 2 KO (0.53) compared to WT (4.13) EAE mice (p<0.05 and p<0.001,
respectively, vs WT mice). There is a formal possibility that the results could be
alternatively explained by 16-18% decreases in percentages of glial and neuronal
populations if leukocyte populations actually held steady in a9 or f2 KO EAE mice, which
would suggest a substantial, and equally significant, effect of NAChR elimination. However,
we favor the interpretation that genetic deletion of the a9 nAChR and 2 nAChR subunits
has a substantial impact on ratios (and, presumably, absolute numbers) of microglia and
infiltrating macrophages/activated microglia in the CNS of EAE mice.

We next determined if mRNA levels for iINOS, TNF-a and IL-1 were modified in the brain
and spinal cord of a9 KO or 2 KO EAE mice at day 7 post-immunization (Figure 2C).
Relative to WT EAE mice, transcript levels for these pro-inflammatory markers were
unchanged in the brains of a9 KO or 2 KO EAE mice. On the other hand, mRNA levels for
iNOS in the spinal cord were 73 + 17% in a9 KO and 64 + 21% in 2 KO EAE mice
compared to their levels in WT EAE mice (p<0.05), supporting the lower Luminol
bioluminescence in the brain of f2 KO EAE mice at the same time point. TNF-a mRNA
levels in the spinal cord were 1.75 + 0.45 times those in WT EAE mice when assessed in 32
KO EAE mice (p<0.05) but were unchanged in a9 KO EAE mice. However, spinal cord
IL-18 mRNA levels were 55 + 18% of those in WT EAE mice when measured in a9 KO
EAE mice (p<0.05) but unchanged in 2 KO EAE mice. a9*- and 2*-nAChRS therefore
differentially modulate iNOS, IL-1f and TNF-a production.

Discussion

a7-nAChRs were the first suggested to be involved in the cholinergic anti-inflammatory
pathway (5,6). a7-nAChR elimination by gene deletion abolishes nicotine’s protection
against EAE, implicating them in nicotine-dependent protection (3,4). However, these
studies also show that a7 KO mice still develop EAE and recover as do wild-type animals in
the absence of drug treatment, suggesting that a7-nAChRs are not key players in
endogenous NAChR-dependent immunoregulatory processes in the EAE model. Moreover,
we also recently demonstrated that roles of NAChRs in immunoregulation may be more
complex than previously thought (4), and the current study expands on those findings.

The first interesting observation in this study is that a9 subunit gene deletion alone delays
the onset and reduces the severity of EAE. These findings suggest that a9*-nAChRs are
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naturally involved in endogenous pro-inflammatory mechanisms required for disease
initiation and evolution, likely via the endogenous agonist, acetylcholine. We also found that
nicotine exposure has no observable effect in a9 KO mice. That is, nicotine treatment of WT
mice and a9*-nAChR elimination have the same effect. This is not surprising given that
nicotine is an antagonist of a9*-nAChRs, contrary to acetylcholine (12). These new
findings, in addition to previous reports demonstrating the beneficial role of a7-nAChRs
(3,4), suggest that antagonism of a9*- and activation of a7-nAChRs are both required for
nicotinic protection against EAE onset, although their effects do not appear to be additive.

Peripheral monocyte/macrophage recruitment, microglial activation, iNOS upregulation and
pro-inflammatory cytokine production are all important mechanisms for EAE initiation and
can also dictate disease severity (15-17). Interestingly, our results show that although the
proportions of CD11b*/CD45* cells increase in the CNS of a9 KO EAE mice compared to
their WT counterparts, there is a more balanced ratio of infiltrating macrophages/activated
microglia to microglia in a9 KO EAE mice (1.65 : 1) than in WT EAE mice (4.15 : 1),
providing a possible mechanism for protection against EAE. In addition, we found that
mMRNA levels for iNOS and IL-1f were lower in a9 KO than in WT EAE mice. These
findings suggest that even though proportions of microglia and macrophages are increased,
there is a reduced production of at least some pro-inflammatory mediators in the CNS of a9
KO EAE mice, which may also explain the lower EAE severity and delayed disease onset
observed in these mice. Importantly, these effects were observed in the absence of nicotine.
Our data therefore indicate that a9*-nAChRs may play an endogenous role in the regulation
of macrophage recruitment and inflammation, the combination of which ameliorates disease
progression. In addition, the fact that genetic deletion of the a9 nAChR subunit protects
against disease and some of its pathological mechanisms also suggests that endogenous
activation of a9*-nAChRs may have pro-inflammatory consequences, rather than the anti-
inflammatory effects normally observed after nicotine binding to a7-nAChRs (2—-4).

Our new findings also show that nicotine retains the ability to diminish the severity of EAE
symptoms in 2 KO mice. This indicates that f2*-nAChRs are not involved in nicotine-
dependent protection against EAE, at least not at the doses used and in nicotine’s effects on
early or mid-disease progression. Of equal or perhaps greater importance is the striking
observation that recovery is prevented in 2 KO mice, regardless of drug treatments. This
finding suggests that nAChR signalling via f2*-nAChRs is important for mechanisms of
repair. Curiously, we found that measures of CNS inflammation based on levels of ROS in
the brain and iINOS expression in the spinal cord are significantly reduced at day 7 post-
immunization, which is immediately prior to the emergence of disease signs, in 2 KO mice.
Technical matters in luminescence imaging protocols may have compromised the ability to
detect changes in ROS production in the spinal cord or may have enhanced such detection in
surface meninges in the brain in 2 KO EAE mice, and there are mixed effects in 2 KO
EAE mice on mRNA levels examined that relate to inflammatory processes (increased TNF-
a, unaltered IL-1p, lowered iNOS, but only in spinal cord and not in brain). Nevertheless,
even though proportions of CNS myeloid cells were increased in these animals, they have
more microglia than infiltrating macrophages/activated microglia. Although infiltrating
macrophages are important for disease initiation, they also are crucial for myelin debris
clearance and repair mechanisms (18), meaning that reduction in their numbers could
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correlate with the compromised recovery observed in f2 KO EAE mice. Alternatively or
perhaps in addition, the increased TNF-a production observed in the spinal cord could lead
to more extensive cell death and a prolonged inflammatory response in f2 KO EAE mice.
More experiments will be necessary to test these hypotheses.

Overall, these data demonstrate that several nAChR subtypes are involved, albeit differently,
in the cholinergic anti-inflammatory pathway, both naturally and in response to nicotine.
More importantly, our data suggest that each nAChR subtype may modulate unique cellular
immune functions. Mechanisms that can explain our observations remain to be determined,
and more experiments are required in order to fully understand the complexities of the
cholinergic anti-inflammatory pathway. However, our findings raise the possibility of using
nAChR subtype-selective compounds to modulate specific immune functions for the
treatment of inflammatory diseases, especially at different stages in disease progression or
recovery. More specifically, we suggest that early inhibition of a9*-nAChR function and
later activation of f2*-nAChRs could be beneficial in treatment of multiple sclerosis or
other immunological disorders.

B6 (H-2P) mice were purchased from Taconic (Germantown, NY, USA). The nAChR a9
KO mouse model was generated by the deletion of exons 1 and 2 containing the translation/
transcription initiation sites, and confirmed by Southern blotting (Genoway, Inc). The
knock-out line was subsequently backcrossed at the Boys Town National Research Hospital
(BTNRH) to B6 mice (Jackson Laboratory) using Marker-Assisted Accelerated
Backcrossing (MAX BAX; Charles River) until 99.8-100% congenicity was achieved. The
absence of a9 subunit transcript in the constitutive knock-out was verified by PCR and
gPCR employing a custom PCR Array (Qiagen) and using samples from wild-type mouse
cochlear tissue as the positive control. In cochlear tissue, there is no change in any of the
other nAChR subunits, indicating that there is no nAChR subunit compensation for the loss
of a9 subunits, and a9 KO mice have the expected cochlear phenotype of aberrant
innervation of hair cells (19). The a9 KO mice used in this study were bred at BTNRH and
shipped to the Barrow Neurological Institute (BNI) at weaning, where they were maintained
until use. NAChR B2 subunit knock-out mice, backcrossed to the B6 background for more
than 11 generations, were originally provided by Marina Picciotto (YYale University, New
Haven, CT, USA) and bred at the BNI. All animals were housed in pathogen-free animal
facilities. Female mice used were 7 to 8 weeks of age at the experiment’s inception.
Experiments were reviewed, approved and conducted in accordance with institutional and
NIH guidelines.

Induction of acute EAE

Mice were immunized with MOG3s_s5 as done previously (4). Briefly, mice were injected
subcutaneously (s.c.) in the hind flank with 200 pg of MOG35_g5 peptide (single letter amino
acid sequence; M-E-V-G-W-Y-R-S-P-F-S-R-V-V-H-L-Y-R-N-G-K; Bio Synthesis Inc.,
Lewisville, TX, USA) in complete Freund’s adjuvant (CFA) (Difco, Detroit, MI, USA)
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containing 500 pg of non-viable, desiccated Mycobacterium tuberculosis. On the day of and
2 days after immunization, the mice also were inoculated with 200 ng of pertussis toxin (List
Biologic, Campbell, CA, USA) intraperitoneally (i.p.). Mice were monitored daily for
symptoms scored on an arbitrary scale of 0 to 5 with 0.5 increments: 0, no symptoms; 1,
flaccid tail; 2, hind limb weakness or abnormal gait; 3, complete hind limb paralysis; 4,
complete hind limb paralysis with forelimb weakness or paralysis; 5, moribund or deceased.

Nicotine treatment

(-)Nicotine bitartrate (Sigma-Aldrich, St. Louis, MO, USA) in phosphate-buffered saline
(PBS) or a solution containing PBS alone was freshly prepared and loaded into Alzet®
osmotic minipumps (models 1007D or 1004, Durect Corporation, Cupertino, CA, USA) 24
h before pump implantation, as done previously (4). The pumps were implanted
subcutaneously on the right side of the back of the mouse and continuously delivered either
PBS or nicotine salt at ~13 mg of nicotine free base/kg/d for either 7 days (32 study, starting
on day 7 post-immunization) or 28 days (a9 study, starting on day of immunization), and
then the pumps were removed.

In vivo CNS bioluminescence

For imaging of reactive oxygen species generation in brain, bioluminescence images in live
mice were captured using the Xenogen IVIS200 imager (Caliper Life Sciences, Hopkinton,
MA) 20 minutes after i.p. injection of 0.1 ml of 50 mg/ml Luminol Sodium Salt (Sigma-
Aldrich, St. Louis, MO, USA). A region of interest (ROI) tool was used to measure
luminescence intensity. Data were collected as photons/sec/cm? using the Living Image®
software (Caliper Life Sciences, Hopkinton, MA).

Flow cytometry

gRT-PCR

Mice were sacrificed at day 7 after EAE induction, and perfused with PBS delivered
transcardially to eliminate contaminating blood cells in the CNS. Brains and spinal cords
were removed, halved, more finely dissected, subjected to enzymatic digestion, and
processed to remove myelin and other debris on Percoll density gradients, yielding a mixture
of leukocytes, neurons and glia in the cell pellet, as described (20). Cells were resuspended
and stained for myeloid cell surface markers CD11b and CD45 (targeted by the indicated
antibody fluorescently tagged with either FITC, PE, allophycocyanin, PE-Cy5 or PE-Cy7),
as described (4). Appropriate isotype controls were always included. CD45 and CD11b
expression were analysed on live cells only by first gating for live leukocytes and other
neuronal or glial cells of similar granularity and size as determined by their FSC/SSC
properties. All samples were analyzed on a FACSAria™ using Diva.

The remaining half of the brains and spinal cords, obtained as described above, were used
for gRT-PCR. To this end, tissues were homogenized with a glass homogenizer, and total
RNA was purified with the Trizol Plus RNA Purification System (Invitrogen), as per the
supplied protocol. cDNA was then generated using the SuperScript 111 First Strand cDNA
Synthesis kit (Invitrogen) using Oligo-dT oligomers. gRT-PCR was then performed on the
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CFX96 Real-time PCR Detection System (BioRad), using SsoAdvanced ™ SYBR® Green
Supermix (Bio-Rad)and the following primers: mouse GAPDH sense 5’-
AGCCTCGTCCCGTAGACAA-3 and anti-sense 5-ATGAAGGGGTCGTTGATGGC-3’
mouse iNOS sense 5-GGCAGCCTGTGAGACCTTTG-3' and anti-sense 5’-
GCATTGGAAGTGAAGCGTTTC-3’; mouse TNF-a sense 5'-
CAAAATTCGAGTGACAAGCCTGTA-3 and anti-sense 5’
CAGCTGCTCCTCCACTTGGT-3’; mouse IL-1p sense 5’-
TGACGGACCCCAAAAGATGAA-3 and anti-sense 5'-
AGTGATACTGCCTGCCTGAAG-3'. Cycle conditions were: 95 C for 30 sec, followed by
40 cycles of 95 C for 5 sec and 58 C for 30 sec followed by a melt curve 65-95 C (0.5
increments) for 5 sec/step. Results were analyzed using CFX manager’ software.

Statistical analysis

Fisher’s exact test or Mann-Whitney’s U test were applied to analyze disease manifestation
or severity, respectively. Student’s t-tests were used to compare differences between two
groups. Differences of three or more groups were evaluated by performing ANOVA. Results
are always presented + S.E.M.
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Figure 1. Clinical features of EAE in nicotine-treated, nAChR a9 and 2 subunit knock-out mice
A, Average clinical scores are shown as a function of days post-immunization for wild-type

(WT) or NnAChR a9 subunit knock-out (a9 KO) EAE mice treated with nicotine (Nic) or
phosphate-buffered saline (PBS) subcutaneously, via mini-osmotic pumps, from day 0-30. *
denotes p<0.05 vs. all other groups at days specified. B, Average number of days until the
first appearance of clinical symptoms (Onset), the mean maximum clinical score (Max
Score), and the average clinical score at day 30 (Terminal Score) are shown for the studies
displayed in panel A. Whereas nicotine delayed the onset and reduced the severity of EAE
in WT mice, as expected, this protection against disease was observed in a9 KO mice
irrespective of Nic or PBS treatments. * indicates p<0.05 vs WT + PBS mice. C, Average
clinical scores are shown at the indicated time post-immunization for WT or nAChR (2
subunit knock-out (32 KO) EAE mice treated with nicotine or PBS from day 7-14. *
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signifies p<0.05 for WT + Nic vs. WT + PBS mice at days 11-15; ** denotes p<0.05 for 2
KO + PBS vs. WT + PBS vs. WT Nic, or vs. p2 KO + Nic at days 16-42; *** indicates
p<0.05 for f2 KO + Nic vs. WT + PBS or vs. WT + Nic at days 19-42. D, Onset, Max Score
and Terminal Score results are shown for the studies described in panel C. * indicates
p<0.05 vs WT + PBS, while ** denotes p<0.05 vs 2 KO + PBS. Nicotine thus delayed
EAE onset and reduced disease severity in WT mice and reduced diseases severity in 2 KO
mice. However, 2 KO EAE mice did not recover from disease, irrespective of nicotine or
PBS treatments. E, In a separate set of experiments, Luminol was injected into WT or 2
KO EAE mice (no nicotine treatment), and in vivo bioluminescence in the brain was
quantified on days 7, 10, 13 or 16 as a measure of CNS inflammation. Luminescence was
significantly lower in p2 KO mice, as compared to WT mice, at day 7 post-immunization. *
denotes p<0.05 between groups. Error bars represent S.E.M.
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Figure 2. Myeloid cell numbersand cytokine production in the CNS of nAChR a9 or B2 subunit
knock-out mice

WT, a9 KO or 2 KO mice were immunized with MOGg3s_s5 and sacrificed 7 days later. A,
Myeloid cells (CD11b*/CD45™) within the entire population of brain and spinal cord cells
were discriminated from other CD11b™/CD45™ leukocytes, neurons and glia by flow
cytometry and further sub-divided into microglia (CD11b*/CD45™Med) or macrophage
(CD11b*/CDA45M9M) populations. B, Results are presented graphically for the percentages of
myeloid cells relative to CNS cells and of ratios of infiltrating macrophages (light gray) to
microglia (dark gray). Total myeloid cell numbers are increased, but ratios of infiltrating
macrophages to microglia are significantly lower in the CNS of a9 KO or 2 KO EAE mice
compared to in WT EAE mice. C, mRNA levels for the indicated genes in a9 KO or 2 KO
EAE mice were assessed by qRT-PCR and are presented normalized to levels in WT EAE
mice (*p<0.05). Error bars represent S.E.M.
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