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Abstract

Backround: Multiple Sclerosis (MS) is a complex disease and little is understood on
the underlying mechanisms of the disease. Treatment that has shown to be successful
in mice for the animal model of MS, Experimental Autoimmune Encephalomyelitis
(EAE), seems to show little success in humans. In understanding the pathophysiology
of EAE one hopes to increase the likelihood of developing an effective treatment in
humans for MS. At present there is a great deal of interest in the newly discovered T
helper cell 17, Th17, thought to play a significant role in the pathophysiology of MS.
Here we use a systematic review and meta-analysis to describe the role of Th17 and
describe the efficacy of the studies pertained to Th17 in the pathophysiology of EAE.
Method: A systematic review and meta-analysis of studies describing the role of
Th17, in the pathophysiology of the animal model of MS, EAE. Individual outcomes
were collected and assessed against the change in clinical outcome for specified
genotypes.

Results: 19 publications described a role for Th17 in the pathophysiology of EAE.
315 outcomes were collected and assessed against EAE severity.

Conclusion: Current literature states that Th17 is a major component in EAE. These
results thus confirm there is a relation between Th17 cells and the severity of EAE.
However, this conclusion may be qualified because of the presence of potential source
of bias and the relatively limited amount of data.

Keywords: systematic review, meta-analysis, experimental autoimmune
encephalomyelitis, Th17, IL-17
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Introduction

Multiple sclerosis (MS) is believed to be the most common disabling neurological
condition affecting young adults (Sospedra, et al., 2005) and is considered to be an
autoimmune disease. It is often described as the result of damage to the myelin
surrounding axons in the central nervous system, disrupting the ability of nerves to
conduct action potentials and thus interfering with messages sent within the brain. It is
understood that currently over two and a half million people around the world suffer
from MS (Fox et al., 2006)

Although research in MS has progressed at a staggering pace there is still an
incomplete understanding of the underlying mechanisms of the disease and current
research suggests an ongoing search for preventive treatment against MS. MS is often
classed into one of four categories: Progressive Relapsing (PRMS);
Relapsing/Remitting (RRMS); Primary Progressive (PPMS); and Secondary
Progressive MS (SPMS). One form of therapeutic intervention is the use of
interferon-beta to prevent the inflammatory symptoms of PRMS. PRMS is
characterised by a steady progression of clinical neurological damage superimposed
by relapses and remission (Sospedra, et al., 2005). There is significant recovery
immediately following a relapse but between relapses there is a gradual worsening of
symptoms (Figure.1) (Sospedra, et al., 2005). Interferon-beta acts by reducing the
number and severity of relapses and may delay or reduce the chance of disability in
people with PRMS. However interferon-beta has shown only to produce small
benefits (McKee, 1998) and can cause a wide range of adverse affects (Arnason,
1999). Thus the search for a therapeutic treatment in humans still continues.
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Figure 1 a graphical model of PRMS, illustrating the time at which interferon-beta is administered.

Unfortunately MS is exceptionally difficult to research as it is very unpredictable and
varies greatly. Depending on which areas of the CNS are affected and how badly
damaged they are can determine the type and severity of symptoms. It is generally
argued to be a combination of genetic, immunological and environmental factors
(Ashton, 2004). However, until the identification of the most common factors that set
off autoimmunity has been uncovered the understanding of the ensuing pathogenesis
is incomplete.



Animal models are thought to play an effective role in understanding the mechanisms
of a disease, including autoimmune diseases. Experimental autoimmune
encephalomyelitis (EAE) has received the most attention as a model for MS. The
model exhibits many clinical and histological features of MS and is induced by
intravenous injection of an autoimmune antigen i.e. MOG, PLP or MBP followed by
an adjuvant such as CFA and the exotoxin Pertusis Toxin known to establish infection
(Baker et al., 2007). EAE has proven to be a very effective model for MS in that it is
easy to detect and can relapse unlike most other experimental autoimmune models, so
is therefore often used (Baker et al., 2007). However, there are drawbacks to using
EAE as a model for MS.

A mouse model, as in any reductionist approach, is potentially invalid, because it
provides only a partial representation of the real biological complexity underlying the
human disease. It is important to consider that any given response in a mouse, the
most commonly used animal in experimental medicine, may not represent sufficient
fidelity to the pathophysiology of the disease (Mestas et al., 2004). It has been argued
that the animal model has limited contribution to the understanding of MS (Sriram et
al., 2005) and that the number of pitfalls of using EAE as a model for MS outnumbers
the benefits. This suggests some limitation in trying to uncover the pathogenesis of
MS. Nonetheless, animal models are at the core of autoimmune research, and a large
body of literature reflects the many advances brought by these models in terms of
deciphering disease mechanisms (Morel, 2004; Gold et al., 2006).

Over 9000 publications have been conducted to describe the use of the model of EAE.
It is thus difficult to obtain an overview of the literature and thus suggests tackling it
in smaller segments. A systematic review is a useful technique to compare and
evaluate the data on any particular characteristic of EAE. Also non-systematic
reviews have been shown to overstate biological effects. A full spectrum of all the
data collected on any one area of EAE will allow us to review what components have
been identified and to what extent. A stratified meta-analysis, in which dose, species
or immunising agent is analysed and can describe the impact of study quality and
study design characteristics (Sena, 2007) is useful in assessing the quality of the data.

EAE is often characterised by an infiltration of inflammatory lymphocytes. As EAE is
often described as a CD4" T cell-mediated disease model, it is believed that CD4+
cells are the main effector cells (Kuchroo et al., 2002). It was believed for a long time
that the antigen-driven differentiation of naive T cells into effector, CD4", T cells
were assigned to either the T helper type 1 (Thl) or (Th2) lineage with each playing a
distinct role in protective immunity (Bottomly, 1998). These conclusions were based
on the observation of their cytokine profiles, with Th2 cells producing IL-4 and Th1
cells producing IL-2 and IFN-y (Harrington et al., 2005; Park et al., 2005) (Figure 2).
It was argued that this Th1 type CD4" T cell was the predominant mediator in the
initiation and predominance of autoimmunity, in EAE (Liblau et al., 1995; O’Garra et
al. 1997). However, subsequent evidence of mice developing severe EAE when
lacking Th1-associated molecules, such as IFN-y (Ferber et al., 1996), was calling
into question the relevance of Thl in this autoimmune disease. Thus, key data
demonstrating the newly described Th17 lineage of CD4" T cells has emerged to be
the major effector cell for the development of EAE (Lanrish et al., 2005; Axtell et al.,
2006; Park et al., 2005). Its role and the role of IL-17, another molecule receiving
considerable attention, are currently the topics of scrutiny in the pathophysiology of



MS. Here we conduct a meta-analysis to identify the quality of studies based on Th17
in the animal model, EAE, and a systematic review to describe the evidence for a role
of Th17 and its subsequent cytokine IL-17 in the pathophysiology of EAE as well as
the contributing evidence made in regards to MS
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Methods

Identification of Relevant Studies

We performed an electronic search on PubMed for all studies of Multiple Sclerosis
(MS) based on the animal model Experimental Autoimmune Encephalomyelitis
(EAE). The following search terms were used: Experimental Autoimmune EAE AND
Animals OR Experimental Allergic EAE AND Animals OR Experimental
Autoimmune Encephalomyelitis AND Animals OR Experimental Allergic
Encephalomyelitis AND Animals OR Multiple Sclerosis AND Animals OR
Autoimmune Demyelinating Disease AND Animals OR Preclinical EAE Trials AND
Animals. These search terms were confirmed with a knowledgeable investigator
(M.M)

Categorizing Studies

The results from PubMed were converted to MEDLINE format and transferred to
Reference Manager. Two investigators (M.H., H.V.) independently read through each
abstract and classified publications as: pathophyioslogy of the animal model of MS;
drug treatment of the animal model of MS; both the pathophysiology and drug
treatment of the animal model of MS or Neither. Only primary data based on
controlled animal studies of MS were extracted. Disagreement or confusion was
resolved in discussion with a third investigator (M.M)

Focus of Pathophysiology Data

Cytokines was the basis of interest focused on within the pathophysiology
publications. An electronic search on Reference Manager was carried out specific to
the action and requirements of cytokines in the pathophysiology of the animal model
for MS. Search was performed solely on extracted publications based on the
“pathophysiology” AND “pathophysiology and drug treatment” on the animal model
of MS. A search of the following terms to appear in the Abstract or the Title of the
publication was performed: interleukin* OR IL* OR tumor* OR TNF* OR
interferon* OR INF* OR transforming* OR TGF* OR cytokine* OR chemokine*.

Pathophysiology Data on Th17 and IL-17

As a multitude of cytokines are involved with EAE, the amount of data was extensive.
As many of the cytokines seemed to have a connection with the Th17 subset and it’s
main producing cytokine IL-17, these two mediators became the basis for a new
search within the pathophysiology of the animal model of MS. A further search
including the following terms in the abstract or the title was made: IL-17* OR Th17*
OR interleukin-17* OR interleukin17* OR T helper 17* OR Th17* OR T17* OR
Thelperl7*. To increase the probability of capturing all sources published another
search was carried out on PubMed. This search did not specify EAE. The search terms
used were as follows: IL-17* OR Th17* OR interleukin-17* OR interleukin 17* OR
T helper 17* OR Th17* OR T17*.



Outcome under Review

The quality and characteristics of data were measured and analysed. Due to the
inconsistency of outcome measurements, only those measurements related to EAE
traits or T helper cells were extracted and only those where EAE was induced in the
animal. All maximum clinical outcomes were measured for a specified genotype
against a control. The change in clinical outcome was then recorded against the
individual outcomes in regards to the specified genotype.

Methods of Review

Quality of Assessment

There were no published criteria for assessing the quality of study on animal,
experimental, models of the pathophysiology of disease. Assessment quality was
based on a published ten item checklist (Macleod, 2004) excluding: statement of
control temperature; avoidance of anaesthetics with marked intrinsic neuroprotective
properties; and the use of animals with hypertension or diabetes, as these do not
pertain to EAE. The following catagories however, were used: (1) publication in peer
reviewed journal; (2) randomization to treatment or control; (3) blinded assessment of
outcome; (4) sample size calculation; (5) statement of compliance with regulatory
requirements; and (6) statement regarding possible conflicts of interest. Thus, giving a
maximum quality score of six.

Data Extraction

Data extracted from each publication was based on individual comparisons, in which
outcome was measured in a group of specified genotype animals, which had been
induced with EAE, and compared against a control. These individual comparisons
were then assessed against the change in EAE severity that corresponded to the
genotype assessed. The specific location from which cell cultures were extracted was
recorded, along with day outcome was measured after EAE immunization. It was also
recorded as to whether a significanct difference had been calculated per individual
outcome. Clinical score was recorded as maximum clinical score obtained per group
of animals against WT control and was used as the basis for EAE severity. Where
numerical data was available it was recorded and when given graphically, it was
measuremed with the use of a Jruler. The Jruler was downloaded from the following
website: http://mrswizard.com/jruler.html. The Jruler’s dimensions were in pixels and
the journal was set at x400 magnification in pdf format on a PC computer. We also
collected other relevant data including antigen peptide and adjuvant administered to
induce EAE. As well as strain and sex of animal employed in the study and the
individual items of the quality checklist.

Analysis

Our null hypothesis was that Th17 levels will show no difference in increased EAE
severity or inversely that Th17 levels will show no difference in decreased EAE
severity. Our hypothesis stated that increased Th17 levels will give increased EAE
severity and decreased Th17 levels will show decreased EAE severity. According to
our null hypothesis, the chance that an experiment reports an increase in EAE severity
with an increase in Th17 should be the same as the chance that an experiment reports
a reduction in EAE with increased Th17 levels. If the null hypothesis is false then
there should be more experiments reporting an association. We can therefore test the



significance of an increase in Th17 levels being related to an increase in EAE severity
or in reverse a decrease in Th17 levels being related to a decrease in EAE severity by
using the binomial distribution as shown below:

P =k = () Pt -k

wheren = ( ) k!(n—k)!

n = number of trials with result of interest
p = probability of outcome under the null hypothesis (0.5)
k = total number of trials

This same theorem can be used to assess the all outcomes measured against EAE
severity. Significance was p<0.05.

* the search includes the word either independently or with other letters, symbols etc.. included.



Results

Search Results

Our electronic search identified 9654 publications related to the animal model, EAE. 2795 of
these publications were related to the pathophysiology of EAE. The search based on the role of
cytokines in the pathophysiology of EAE gave a result of 1187 publications. Given that there
was a vast amount of literature solely based on cytokines the focus of research was restricted to
Th17 and IL-17. Existing data supports the idea that Th17 cells are key in the initiation of EAE
(Weaver et al., 2006) as well as what is believed to be its main producing mediator, IL-17. There
were 1763 publications based on the role of these components within the pathophysiology of
EAE. The second search found 432 papers. After manually reading through all abstracts of the
432 journals, an additional four papers were found to show a role for Th17 in the
pathophysiology of EAE. In total there were 19 papers published describing the roles of Th17 in
the pathophysiology of EAE. This analysis is therefore based on 19 publications, all of which the
full articles are available (appendix 1). Within these 19 publications, 315 individual outcomes
were measured against EAE severity. All studies were based on a transgenic, gene knock out or
treated animal group compared against a control. One author did not consistently use a control
group throughout the study; therefore, this data was excluded. A good deal of outcomes did not
include the S.D. or S.E.M. and/or the number of animals in a group so data could not be
normalized. Nor was significance of measurement recorded for all outcomes. Therefore,
measurement data was recorded and described simply as a decrease, increase or no difference
with significance of data supplied where available.

Study quality and Publication Bias (Appendix 1)

No study described a sample size calculation. Two publications stated there was a potential
conflict of interest, three had no statements of potential conflict of interest and a further 15 stated
no potential conflict of interest. Two of the 19 studies were directly funded by the industries the
publishers worked for, while, 17 were funded by either governmental or NGO. Only one study
was blinded for assessment of outcome and all publications were peer reviewed. All authors
complied with animal welfare regulations via one.
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Method of EAE Induction (Appendix 2)

All 19 studies used mice in their studies, 15 used C57BL/6 strain of mouse and four used the SJL
mouse strain (Figure 3). Seven studies used female mice and one study used both male and
female mice while eleven did not state the sex of the mouse (Figure 4). All publications except
three induced EAE with the myelin antigen Myelin Oligodendrocycte Glycoprotein (MOG); the
remaining three used the antigen, Proteolipid Protein (PLP).
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Review of Outcomes (Appendix 3)

In total 315 outcomes were measured against disease severity. 95 studies looked at further
evidence of EAE characteristics (see method). 220 outcomes looked at evidence for a role of
Th17 and IL-17 or for further evidence appeasing the role of T helper cell lineages, Th1 or Th2.

Traits of EAE (Appendix 3)

In total, 11 studies out of 14 demonstrated a decrease in incidence with a decrease in EAE
severity. As well as 11 studies out of 13 showing a delayed onset of EAE with an increase in
disease severity. Thus, a decrease in EAE severity is significantly (p=0.022) correlated to a
reduction in incidence of EAE while an increase in EAE severity is significantly (p=0.0095)
associated with a delay on the onset of EAE. There were 6 studies carried out on axonal loss, 7
studies on inflammation and 13 carried out on demyelination, all primarily in the spinal cord of
the CNS. All were significantly (p=0.016, p= 0.0078, p=0.0095 respectively) concordant to EAE
severity in that axonal loss decreased with decreased EAE severity, and both inflammation and
demyelination showed an increase with increased EAE severity and a decrease with decreased
EAE severity. This is in accordance with previously described traits of EAE. (Picard-Riera et al.,
2002; Kerschensteiner et al., 2004). 21 studies alone were carried out on infiltration of T cells in
the CNS and in all 21 studies there was a significant (p<0.001) correspondence with an increase



of T cell infiltration with increased EAE severity or a decrease in infiltration with a decreased
severity. 19 studies demonstrated a difference in T cell frequency in both the spinal cord and
lymph node cells. There was a significant association of an increase or decrease in T cells with
an increase or decrease in EAE severity respectively, in particular the CD4", as well as the
CD45'CDI11b" and CD45CD11b" T cells (macrophages and microglia). EAE has often been
described as a CD4" T cell mediated disease model because of the increased infiltration of CD4"
T cells, (Becher et al., 2002; Cua et al., 2003).

Th17 and Th1 T cells (Appendix 3)

32 studies were performed on the changes of Th17 levels with an increase or decrease in EAE
severity. There was a significant (p<0.001) correlation between the changes of Th17 and EAE
severity in that Th17 levels increased during increased EAE severity and decreased in relation to
decreased EAE severity (Figure 5 & 6). The Thl levels had a varied outcome. There was no
significant correlation between the changes in Thl levels and the severity of EAE, showing
further evidence that Th17 rather than Th1 are the prime T helper cells in the induction of EAE.
ThIFN- yTL-17" cells displayed a significant (p=0.016) association between decreased severity
of EAE and decreased level of the ThIFN- y'TL-17" cells however it is uncertain whether theses
cells are distinct from Th17 but it is generally believed that they are (Infante-Duarte et al., 2000;
Axtell et al., 20006).
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Cytokines (Appendix 3)

47 studies were carried out based on the level of cytokines thought to be associated with Th17
(Figure 5 & 6) (Iwakura et al., 2006) in the pathophysiology of EAE. The levels of IL-17
(p<0.001), TNF (p=0.027), IL-23p40 (p<0.001) and IL-6 (p=0.043) were all significantly
associated to EAE severity, showing an increase in cytokine levels along with an increase in
EAE severity. Although, IL-17F, IL-1, TGF-3 and GM-CSF all expressed a 100% correlation to
EAE severity, in respect that they either increased with increased EAE severity or they decreased
with decreased EAE severity there was not sufficient data to obtain significance. IL-10 also did
not express any significance again contributing to lack of data. The levels of mRNA for IL-17,
IL-17F, IL-23, TNF, IL-6 all showed a parallel to an increase or decrease in EAE severity but



again there was inadequate amount of data available to show significance. In the assessment of
Th1 associated cytokines IFN-y did not show any signs of correlation with EAE severity, IFN-y
levels both increased and decreased with an increased EAE severity. An inadequate amount of
data was available to sustain the role of IL-2 and IL-5, both believed to be Th1 mediated
cytokines. Nor was there sufficient data for the Th2 cytokine, IL-4.

Chemokines (Appendix 3)

21 studies were performed on the levels of chemokines and chemokine receptors. Chemokines
have been thought to be upregulated by IL-17 secreted from Th17 cells and induce the
inflammation during EAE (Park et al., 2005). The 21 studies illustrated showed a decrease in
chemokine and chemokine receptors when EAE severity was decreased, thus showing a
significant (p<0.001) evidence for a relation between reduced chemokines and a reduction in
EAE severity.

Immunoglobulin and NO (Appendix 3)

There was shown to be no apparent correlation between the severity of EAE and the elevation of
antibodies, suggesting they are not directly involved in the development of EAE. Nitric oxide
(NO) was also shown to have no correlation with EAE severity but few studies were carried out
so further investigation would be suggested.

Genotypes

decreased EAE )
severity

Genotypes showing number of studies indicating an increase or
decrease in Th17 \
WT immunized |yith
zymosan | increased EAE
WT with IFNy severity
TgTGF-8 )
[ RORy-/-
PKC8-/-
IL-27ra-/-
CD5A458-461
CD5-/-
CD4dnTGFBRII
anti-IL-23p19
anti-IL-17
\ T T T
-15 -10 -5 0 5
umber of studies Number of studies measuring Th17 levels numbeirn%fr:;%gi?ﬁ %R?\;\/ing
showing decrease in Th17 >

Figure 7 The number of individual genotypes showing an increase or decrease in Th17 cells during an increase or decrease in EAE

severity.



The genotypes in Figure 7 illustrate a host of abundant contributors to the development of Th17
cells during an increase or decrease in EAE severity. However, RORY deficient mice were shown
to illustrate the largest number of studies showing a decrease in Th17 cells with decreased EAE
severity.
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RORYy deficient mice again was showed the largest number of studies for decreased IL-17 levels
in relation to reduced EAE severity (Figure 8). However, surprisingly IFNy treated WT mice
expressed the largest number of studies showing an increase in IL-17 levels with an increase in
EAE severity. However, it should be kept in mind that these are number of studies, and more
studies in general could have been carried out with these genotypes than any other but to have
consistent studies show the same result in outcome does bear some implication.



Study Quality on the role of Th17 and IL-17 in EAE

On the basis of recent evidence it has been proposed that Th17 cells play

an important role in the induction of EAE. 19 publications in total have investigated
the role of Th17 as well as largely examining the role of IL-17. However, this
evidence must be interpreted with some caution. The average quality score was two
out of six on our quality checklist items and it has previously been shown that low
study quality is associated with higher estimates of efficacy (Lythgoe et al., 1990). In
particular concern was the use of unblinded assessment of outcome in the majority of
publications and no report of random allocation to group in any of the studies. In
research there is a particular risk of expectation influencing findings, especially in
cases where there is some subjectivity in assessment leading to biased results (Day et
al., 2000). Blinding is often effective to eliminate such bias. Previous studies that
have not used appropriate levels of blinding showed increased efficacy in comparison
to randomised and blinded studies (Iwakura et al., 2006; Macleod et al., 2004; Schulz
et al., 1995). Random allocation is a tenet that has also been included in trial
strategies to avoid selection bias (Schulz et al., 1995). These are features to be
considered in conducting future trials in the investigation of pathophysiology of any
disease or disease model. As acknowledged in this meta-analysis the size of an
experiment is important: too small and the result will be imprecise, too large and the
costs, both in terms of financial and in animal use will be unnecessarily large (Sena et
al., 2007). Sample size calculations are another key feature of trial strategies as it
provides some reassurance that sample size has not been increased during analyses, an
approach that substantially increases the risk of falsely concluding that an observed
difference is real (Sena et al., 2007). Not one of the 19 publications calculated sample
size calculations.

Importance of Study Characteristics

EAE has been characterised in certain strains of mice to have a gender difference that
parallels to that of multiple sclerosis with males shown to be less susceptible than
females (Palaszynski et al., 2004; Sookyun et al., 1999). The result of increased
resistance in males is not well understood but is thought to be associated to the
protective effects of testosterone in male mice. (Bebo Jr. et al., 1999; Palaszynski et
al., 2004). Female mice were stated as being used more times than not but in the
majority of publications the sex of the mouse was not stated (Figure 3) suggesting
further caution in evaluating data. The clinical course of EAE can vary according to
the immunising agent (i.e. PLP, MOG) and strain of mouse (i.e. SJL, C57BL/6)
applied. For example SJL mice can develop relapsing EAE when induced by whole
myelin whereas C57BL/6 is resistant. However, C57BL/6 can develop chronic,
paralytic EAE when induced with MOG (Baker et al., 2007). Thus, EAE is not a
single model but a number of models that have different degrees of similarity to MS,
again stressing that the animal model, EAE, is not an absolute parallel to MS and that
myelin antigens can effect outcome. The C57BL/6 mouse was significantly used in
the 19 publications studied. It has been found that this is the most commonly used
strain in transgenesis and it has often shown itself to be superior in effectively and
reliably developing knockout (KO) models (Morel, 2004). While attaining effective
genotypes for research other factors should be taken into consideration when choosing
a strain of mouse.



TH17 shows a primary role over Thl in the pathophysiology of EAE

EAE demonstrates many traits of MS, including inflammation, demyelination, axonal
loss and infiltration, in particular the increase in CD4" T cell frequency as well as
macrophages and microglia (Becher et al., 2002; Cua et al., 2003). However, this
does not provide sufficient evidence for EAE to be an efficient model of MS.

It was suspected for a long time that Th1 was the predominant T helper cell in
mediating EAE. This was based on evidence of high levels of IFN-y and IL-12
detected in inflammatory sites (Gately et al., 1998). In addition, treatment with mAbs
against IL-12p40, or IL-12p40 deficient mice, suppressed EAE development (Gately
et al., 1998; Becher et al., 2002 ; Chen et al., 2006). However, data showed that mice
deficient in IL-12p35, IL-12 receptor B2 (IL-12RB2) and IFN-y did not suppress EAE
but on the contrary caused an increase in severity of disease and in accordance with
our data IFN-y showed no significant correlation to EAE severity. Not enough data
was available in our results to show the function of IL-12. Recent data has, although,
shown that IL-12 shares the p40 and p19 subunit with IL-23 (Oppmann et al., 2000),
and our data has shown a significant (p<0.001) parallel with EAE severity and IL-
23p40, thus suggesting a role for IL-23 rather than IL-12 in the pathophysiology of
EAE. The literature also states that IL-23 is not required for Th17 commitment and
early IL-17 production, but instead appears to be important for amplifying and/or
stabilizing the Th17 phenotype (Weaver et al., 2006). We, however, did not have
sufficient data to test for this. On the other hand, there were high levels of
significance between Th17 and severity of EAE. Both Th17 and IL-17 showed a
significance of p<0.001 and was in agreement with the current literature on it’s role in
EAE severity. Also concordant with our results is the role for IL-6 and TNF in
relating to the severity of EAE, both cytokines have been shown to have an
inflammatory role and are thought to be upregulated by Th17 cells(Cua et al., 2003;
Liang et al., 2006; Wheeler et al., 2006; Wraith, 2006). Both TNF and IL-6 were
shown to be significantly (p=0.027and p= 0.043 respectively) related to EAE,
decreasing with a decreased EAE severity and increasing with an increased EAE
severity . We also found an upregulation of chemokines, which are believed to have
an inflammatory role in EAE. While it is thought that Th17 plays a role in inducing
the inflammatory chemokines (Wheeler et al., 2006; Korner et al., 1997) this can not
be elucidated in our data but a significant (p<0.001) link of chemokines to EAE
severity was demonstrated, showing a decrease in EAE severity with a decrease in
chemokine levels. It is also critical to note, however, the identity of the ThIFN- y'IL-
17" cells which are thought to be distinct from the Th17 subset. They too secrete IL-
17 in addition to Th17 cells and are shown to increase with increased EAE severity.
Thus high levels of IL-17 can not .be assumed to be derived from Th17 cells.

There was a large amount of studies performed by RORY deficient mice expressing a
decrease in Th17 and IL-17 with a decrease in EAE severity. Recently published
observations reveal that RORY is possibly the transcription factor thought to be
responsible for directing differentiation of Th17 cells (Ivanov et al., 2006; Wraith,
2006) much as T-bet and GATA-3 are the differentiation factors for Th1 and Th2
cells (O’Garra, 2000). However, we do not have sufficient data to prove this and
evaluating the pathway at this detail is not possible within this systematic review. A
summary of the results from figures 7 & 8 reveal just how complicated the pathway in
EAE can become.
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The pathway involved in EAE is very complex and is best understood by breaking it
down into smaller sections but with such a mass of detail it can still be difficult it to
elucidate the overall pathophysiology of EAE. When performing a meta-analysis and
systematic review on the pathophysiology of a disease or disease model it is important
to keep in mind the depth one can delve into. With a large number of pathways and
huge number of factors involved in the pathophysiology of EAE the complexity of the
model can become overwhelming However, what is central to our understanding,
from the data we collected is that there is a significant relationship between Th17 and
the severity of EAE

Robustness of Data

Although we prespecified our choice of stratification variables and tested the
significance of the results some results may have been accredited to the play of
chance and thus evidence should be interpreted with caution. This meta-analysis does
include other weaknesses. It is only attributed to available data and thus publication
bias may result in our analysis overestimating the role of Th17 and it’s relation to
EAE. Also our search strategy did not follow any standard criteria and although we
validated the search results with a subsequent search employing more specific terms
our search outcome has yet to be confirmed . Nor was our significance level set at a
highly stringent level. Also our data collection was only observational and although
most studies collected did test significance not all did. Further, while we did collect
data on cytokines presumed to be associated with Th17 in EAE, this data was only
that of what was present in the papers assessing Th17. It would be interesting to
conduct a meta-analysis and systematic review on all the data available on the role of
all cytokines in the pathophysiology of EAE.
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Appendix 1: MS Study Quality Table

Name and Year

Axtell et al., 2006
Batten et al., 2006
Bettelli et al., 2006
Chen et al., 2006
Gran et al., 2004
Gutcher et al., 2006
Hofstetter et al., 2005
Ivanov et al., 2006
Langrish et al., 2005
Park et al., 2005
Rohn et al., 2006
Tan et al., 2006

Sun et al., 2006
Sutton et al., 2006
Tran et al., 2006
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Appendix 2. MS Study Characteristics Query

Name and Year Animal  Strain  Sex EAE Dose  Myobacterium Freunds incomplete CFA  Pertussis
Induction Tuberculosis adjuvent Toxin
Axtell et al., 2006 Mouse C57BL/6j Unknown MOG 150ug + +
Batten et al., 2006 Mouse C57BL/6j Unknown MOG 200pg + + +
Becher et al., 2003 Mouse C57BL/6j Female MOG 200ug + + +
Chen et al., 2006 Mouse C57BL/6j Female PLP 80ug + + +
Gran et al., 2004 Mouse C57BL/6j Unknown MOG 300ug + + +
Gutcher et al., 2006 Mouse SJL/J Unknown MOG 200ug + +
Hofstetter et al.,, 2005 Mouse SJL/J Unknown MOG 200ug + + +
Ivanov et al., 2006 Mouse SJL/J Unknown MOG 150ug + + +
Langrish et al., 2004 Mouse C57BL/6j Female MOG 100ug +
Park et al., 2005 Mouse C57BL/6j Female MOG  unknown
Rohn et al., 2006 Mouse SJL/J Female MOG 200ug + +
Seng-Lai etal., 2006 Mouse C57BL/6j Female MOG 300ug + +
Sun et al., 2006 Mouse C57BL/6j Female PLP 200ug + + +
Sutton et al., 2006 Mouse C57BL/6j Unknown MOG 150ug + + +
Tran et al., 2006 Mouse C57BL/6j Both MOG 50ug + + +
Uyttenhove et al., 2006 Mouse C57BL/6j Unknown PLP 150ug + +

+
+
+

Vledhoen et al., 2006 Mouse C57BL/6j Unknown MOG 250ug
Wheeler et al., 2006 Mouse C57BL/6j Unknown MOG  unknown
Yutaka et al., 2006 Mouse C57BL/6j Unknown MOG 300ug + + +



Appendix 3: MS Study Results against Disease Severity

Genotype Changein Co-treatments Severity Quality
No. of Outcome of Disease
Studies

incidence
anti-IL-12p40

1 decrease decreased 2
severity
anti-IL-23p19
1 decrease decreased 2
severity
CD5-/-
1 decrease decreased 2
severity
CD5A458-461
1 decrease decreased 2
severity
IL12a-/-IL-18-/-
1 decrease increased 2
severity
IL-17/-
2 decrease decreased 2
severity
IL18-/-
1 increase decreased 2
severity
IL18rl-/-
1 decrease decreased 2

severity

Method of
Assessment

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Where
Assessed

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Day of
Assess

N/A

N/A

N/A

N/A

N/A

40

N/A

N/A

Statement of Ref-

Significant erence
difference
NS Chen et al., 2006

NS

NS

NS

NS

Significant

NS

NS

Chen et al., 2006

Axtell et al., 2006

Axtell et al., 2006

Gutcher et al., 2006

Yutaka et al., 2006

Gutcher et al., 2006

Gutcher et al., 2006



Genotype Changein
No. of Outcome
Studies

IL-1R-/-

1 decrease

IL-27ra-/-

1 decrease

WT (Fasudil)

1 decrease

WT (IL-17-/-)

1 decrease

WT (QB-IL-17)

1 decrease

disease onset
anti-IL-12p40

1 increase
anti-IL-17
1 increase

anti-IL-23p19

1 increase
CD5-/-
1 increase

Co-treatments

received IL-17-/- CD4+ T cells

Severity Quality

of Disease
decreased 2
severity
increased 4
severity
decreased 2
severity
decreased 2
severity
decreased 3
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2

severity

Method of
Assessment

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Where
Assessed

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Day of
Assess

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Statement of Ref-
Significant erence
difference

NS Sutton et al., 2006

NS Batten et al., 2006

NS Sun et al., 2006

Significant Yutaka et al., 2006

NS Rohn et al., 2006

NS Chen et al., 2006

NS Park et al., 2005

NS Chen et al., 2006

NS Axtell et al., 2006



Genotype Changein Co-treatments Severity Quality Method of Where Day of Statement of Ref-

No. of Outcome of Disease Assessment Assessed Assess Significant erence
Studies difference
IL12a-/-IL-18-/-
1 increase increased 2 N/A N/A N/A NS Gutcher et al., 2006
severity
IL18-/-
1 increase decreased 2 N/A N/A N/A NS Gutcher et al., 2006
severity
IL18rl-/-
1 increase decreased 2 N/A N/A N/A NS Gutcher et al., 2006
severity
IL-27ra-/-
1 same increased 4 N/A N/A N/A NS Batten et al., 2006
severity
RORYy-/-
3 increase decreased 2 N/A N/A N/A NS Ivanov et al., 2006
severity
WT (Fasudil)
1 decrease decreased 2 N/A N/A N/A NS Sun et al., 2006
severity

WT (QB-IL-17)

1 increase decreased 3 N/A N/A N/A NS Rohn et al., 2006
severity
axonal loss
WT (Fasudil)
1 dramatic reduction of axon given before immunization: chronic decreased 2 immunohistochemistry spinal cord NF 42 NS Sun et al., 2006
transaction phase severity
3 decrease given before immunization: acute decreased 2 immunostaining spinal cord 14-67 Significant Sun et al., 2006
phase given after immunization: severity

chronic phase



Genotype Changein Co-treatments
No. of Outcome of Disease
Studies
2 reduction of axon transaction given before immunization: acute decreased
phase given after immunization: severity
chronic phase
infiltration
anti-IL-12p40
1 no infiltration decreased
severity
anti-IL-17
1 intense infiltration of inflammatory decreased
cells into lumbar region of spinal cord severity
1 no obvious cellular infiltration in decreased
spinal cord severity
anti-IL-23p19
1 no inflammation in white matter decreased
severity
anti-IL-23p19
1 no infiltration decreased
severity
CD5A458-461
1 infiltration only in grey matter, not decreased
present in white matter as in WT severity
IL-17-/-
2 infiltration was sig reduced decreased
severity
IL18-/-
1 Before disease onset the number of decreased
IFN-gamma-secreting cells invading severity

the CNS was similar, whereas
Th17 cells were nearly completely

Severity Quality

Method of
Assessment

Where
Assessed

Day of
Assess

immunohistochemistry spinal cord APP spinal cord 14-67

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

N/A

ELISA

NF

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

N/A

lymph node cells

30-40

30-40

17

42

Statement of Ref-
Significant erence
difference

Significant Sun et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Park et al., 2005

NS Chen et al., 2006

NS Chen et al., 2006

NS Axtell et al., 2006

Significant Yutaka et al., 2006

NS Gutcher et al., 2006



Genotype Changein Co-treatments
No. of Outcome of Disease
Studies
1 typical infiltration of EAE decreased
severity
IL18rl-/-

1 CNS was devoid of inflammatory decreased
infiltrates severity

1 Before disease onset the number of decreased

IFN-gamma-secreting cells invading severity
the CNS was similar, whereas
Th17 cells were nearly completely

IL-27ra-/-

1 greater proportion of infiltrating increased
CD4+ T cells produced IL-17 severity

1 increase increased

severity
Jnk1-/-

1 reduced activated decreased
microglia/macrophages severity
(CD11b/Mac-1+) infiltration

1 reduced inflammatory infiltration decreased

severity
PKCO-/-
1 no visible signs of cellular infiltrates decreased
severity
TNFR1-/-
1 no sig different between infiltrates decreased
severity
WT (Fasudil)

2 reduction of leukocyte infiltration ~ given before immunization: acute decreased

phase) given after immunization: severity

chronic phase)

Severity Quality

Method of
Assessment

immunohistochemistry

immunohistochemistry

ELISA

flow cytometry;
intracellular cytokine
staining

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

Where
Assessed

spinal cord

spinal cord

lymph node cells

spinal cord & brain

spinal cord

spinal cord

spinal cord & brain

spinal cord

spinal cord

spinal cord CD45

Day of Statement of Ref-
Assess Significant erence
difference
28 NS Gutcher et al., 2006
28 NS Gutcher et al., 2006
14 NS Gutcher et al., 2006
- Significant Batten et al., 2006
14 NS Batten et al., 2006
- NS Tran et al., 2006
- NS Tran et al., 2006
21 NS Seng-Lai et al., 2006
- NS Wheeler et al., 2006

14-67 Significant Sun et al., 2006



Genotype Changein Co-treatments Severity Quality Method of
No. of Outcome of Disease Assessment
Studies

1 dramatic reduction of leukocyte given before immunization: chronic decreased 2 immunohistochemistry
infiltration phase) severity
WT (IFN-y)
1 intense infiltration of inflammatory increased 2 immunohistochemistry
cells into lumbar region of spinal cord severity
WT (IL-12)
1 decreased mononuclear cell decreased 1 immunohistochemistry
infiltration severity

inflammation

IL18-/-
1 typical inflammation of EAE decreased 2 immunohistochemistry
severity
IL18rl-/-
1 decreased inflammation decreased 2 immunohistochemistry
severity
IL-27ra-/-
1 increase increased 4 immunohistochemistry
severity
1 increase increased 4 quantitative assessment
severity
WT (Fasudil)
3 decrease given before immunization: acute decreased 2 immunostaining
phase) given after immunization: severity
chronic phase)

demyelination
IL18/-

1 typical demyelination of EAE decreased 2 immunohistochemistry

severity

Where
Assessed

spinal cord CD45

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

Day of Statement of Ref-
Assess Significant erence
difference
42 NS Sun et al., 2006
- NS Chen et al., 2006
21 NS Gran et al., 2004
28 NS Gutcher et al., 2006
28 NS Gutcher et al., 2006

14 Significant Batten et al., 2006

14 Significant Batten et al., 2006

14-67 Significant Sun et al., 2006

28 NS Gutcher et al., 2006



Genotype Changein Co-treatments

No. of Outcome
Studies
IL18rl-/-
1 decreased demyelination
IL-27ra-/-
1 increase
1 increase
PKCO-/-

1 no visible signs of demyelinating

lesions
WT (Fasudil)

3 decrease given before immunization: acute
phase) given after immunization:
chronic phase)

2 reduction of demyelination given before immunization: acute
phase) given after immunization:
chronic phase)

1 dramatic reduction of demyelination given before immunization: chronic
phase)

WT (IL-12)
1 decrease
1 decreased mononuclear

demyelination

Severity Quality Method of

of Disease

decreased
severity

increased
severity

increased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

N

Assessment

immunohistochemistry

immunohistochemistry

quantitative assessment

immunohistochemistry

immunostaining

immunohistochemistry

immunohistochemistry

immunohistochemistry

immunohistochemistry

Where
Assessed

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord

spinal cord MBP

spinal cord MBP

spinal cord

spinal cord

Day of
Assess

28

14

14

21

14-67

14-67

42

21

21

Statement of Ref-
Significant erence
difference

NS

Significant

Significant

NS

Significant

Significant

NS

Significant

NS

Gutcher et al., 2006

Batten et al., 2006

Batten et al., 2006

Seng-Lai et al., 2006

Sun et al., 2006

Sun et al., 2006

Sun et al., 2006

Gran et al., 2004

Gran et al., 2004



Genotype Changein Co-treatments Severity Quality Method of Where Day of Statement of Ref-
No. of Outcome of Disease Assessment Assessed Assess Significant erence
Studies difference

T cell frequency

anti-IL-17
1 CD45-CD11b+ decrease decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
1 CD45+CD11b+ decrease decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
1 CD4+ increase decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
anti-IL-23p19
1 CD45-CD11b+ increase decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
1 CD45+CD11b+ decrease decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
1 CD4+ decrease decreased 2 FACS analysis spinal cord 12 NS Chen et al., 2006
severity
IL-17-/-
2 lymph node cells decreased 2 FACS lymph node cells - Significant Yutaka et al., 2006
severity
2 lymph node cells decrease no PTx decreased 2 flow cytometry lymph node cells 10 Significant Yutaka et al., 2006
severity
2 CD62L-CD44+ increase no PTx decreased 2 FACS lymph node cells 10 NS Yutaka et al., 2006
severity
2 CD45RB-CD44+ decrease no PTx decreased 2 FACS lymph node cells 10 NS Yutaka et al., 2006
severity
IL18-/-

1 CD45hi decrease decreased severity 2 flow cytometry CNS 7 NS Gutcher et al., 2006



Genotype Changein

No. of Outcome
Studies
IL18rl-/-

1 CD45hi decrease

WT (IFN-y)
1 CD45-CD11b+ increase

1 CD45+CD11b+ increase

1 CD4+ increase
Th1
anti-IL-17
1 Th1 increase

1 Th1 same

anti-IL-23p19
1 Th1 same

1 Th1 decrease

CD4dnTGFBRII

2 Th1 decrease

CD5-/-

2 Th1 increase

Co-treatments Severity Quality

of Disease
decreased 2
severity
increased 2
severity
increased 2
severity
increased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

flow cytometry

FACS analysis

FACS analysis

FACS analysis

intracellular cytokine
staining

intracellular cytokine
staining

intracellular cytokine
staining

intracellular cytokine
staining

AutoMACS

flow cytometry;
intracellular cytokine
staining

Where
Assessed

CNS

spinal cord

spinal cord

spinal cord

CNS

CNS

CNS

CNS

spinal cord

draining lymph nodes

Day of
Assess

12

12

12

12

12

18

4-9

Statement of Ref-
Significant

erence
difference

NS Gutcher et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Vledhoen et al., 2006

NS Axtell et al., 2006



Genotype Changein
No. of Outcome

Studies

2 Th1 decrease

CD5A458-461

1 Th1 increase

3 Th1 decrease

IL-17/-

2 Th1 increase

2 Th1 same

IL-27ra-/-

1 Th1 increase
RORYy-/-

3 Th1

3 Th1 decrease
WT (IFN-y)

1 Th1 increase
WT (zymosan)

1 Th1 decrease

Co-treatments

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Rorgamma-/- spleen cells
reconstituted into RAG2-/- mice

Severity Quality
of Disease

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

increased
severity

decreased
severity

decreased
severity

increased
severity

decreased
severity

Method of
Assessment

flow cytometry;
intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining

intracellular cytokine
staining

intracellular cytokine
staining

flow cytometry

FACS plot; intracellular
staining

FACS plot; intracellular
staining

intracellular cytokine
staining

AutoMACS

draining lymph nodes spinal

cord

lymph node cells

lymph node cells

spleen cells

spinal cord

spinal cord

CNS

spinal cord

Where Day of

Assessed Assess

spinal cord 17-9
draining lymph nodes 4

17-9

21

21

12

42

Statement of Ref-
Significant erence
difference

NS

NS

NS

Axtell et al., 2006

Axtell et al., 2006

Axtell et al., 2006

Significant Yutaka et al., 2006

Significant Yutaka et al., 2006

NS

Batten et al., 2006

Significant Ivanov et al., 2006

NS

NS

NS

Ivanov et al., 2006

Chen et al., 2006

Vledhoen et al., 2006

10



Genotype Changein Co-treatments Severity Quality Method of Where Day of Statement of Ref-

No. of Outcome of Disease Assessment Assessed Assess Significant erence
Studies difference
Th17
anti-IL-17
2 Th17 decrease decreased 2 intracellular cytokine CNS 12 NS Chen et al., 2006
severity staining

anti-IL-23p19

2 Th17 decrease decreased 2 intracellular cytokine CNS 12 NS Chen et al., 2006
severity staining
CD4dnTGFBRII
2 Th17 decrease decreased 2 AutoMACS spinal cord 18 NS Vledhoen et al., 2006
severity
CD5-/-
1 Th17 decrease decreased 2 flow cytometry; spinal cord 9 NS Axtell et al., 2006
severity intracellular cytokine
staining
3 Th17 increase decreased 2 flow cytometry; draining lymph nodes spinal 17-9 NS Axtell et al., 2006
severity intracellular cytokine cord
staining

CD5A458-461

2 Th17 decrease decreased 2 flow cytometry; draining lymph nodes spinal 9 NS Axtell et al., 2006
severity intracellular cytokine cord
staining
1 Th17 increase decreased 2 flow cytometry; draining lymph nodes 4 NS Axtell et al., 2006
severity intracellular cytokine
staining
1 Th17 same decreased 2 flow cytometry; spinal cord 17 NS Axtell et al., 2006
severity intracellular cytokine
staining
IL-27ra-/-
1 Th17 decrease increased 4 flow cytometry spleen cells - NS Batten et al., 2006
severity

11



Genotype Changein

No. of Outcome
Studies
PKC6-/-

1 Th17 decrease

1 Th17 decrease

RORYy-/-
6 Th17 decrease

3 Th17 decrease

3 Th17

TgTGF-B

1 Th17 increase

WT (IFN-y)

1 Th17 increase

WT (zymosan)
1 Th17 decrease

ThIFNy+IL-17+
anti-IL-17
1 ThIFNy+IL-17+ decrease

Co-treatments

Rorgamma-/- spleen cells
reconstituted into RAG2-/- mice

Rorgamma-/- spleen cells
reconstituted into RAG2-/- mice

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Severity Quality

of Disease
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
increased 2
severity
increased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

ELISPOT

ELISPOT

FACS plot; intracellular
staining

FACS plot; intracellular
staining

FACS plot; intracellular
staining

intracellular cytokine
staining

intracellular cytokine
staining

AutoMACS

intracellular cytokine
staining

Where
Assessed

spleen cells

spleen cells

spinal cord

spinal cord

spinal cord

CNS

CNS

spinal cord

CNS

Day of Statement of Ref-
Assess Significant erence
difference
- NS Seng-Lai et al., 2006

- Significant Seng-Lai et al., 2006

21 Significant Ivanov et al., 2006
21 NS

Ivanov et al., 2006

21 Significant Ivanov et al., 2006

- NS Becher et al., 2003
12 NS Chen et al., 2006
42 NS Vledhoen et al., 2006
- NS Chen et al., 2006

12



Genotype Changein
No. of Outcome
Studies

anti-IL-23p19
1 ThIFNy+IL-17+ decrease

CD5-/-
3 ThIFNy+IL-17+ decrease

1 ThIFNy+IL-17+ increase

CD5A458-461
1 ThIFNy+IL-17+ decrease

2 ThIFNy+IL-17+ decrease

1 ThIFNy+IL-17+ increase

RORYy-/-
3 ThIFNy+IL-17+ decrease

3 ThIFNy+IL-17+ decrease

CCL2
anti-IL-17
1 CCL2 decrease

1 CCL7 decrease

Co-treatments

Rorgamma-/- spleen cells
reconstituted into RAG2-/- mice

Rorgamma-/- spleen cells
reconstituted into RAG2-/- mice

Severity Quality

of Disease
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining

flow cytometry;
intracellular cytokine
staining
flow cytometry;

intracellular cytokine
staining

FACS plot; intracellular
staining

FACS plot; intracellular
staining

Tagman PCR

Tagman PCR

Where Day of
Assessed Assess
CNS -

draining lymph nodes spinal
cord

draining lymph nodes

draining lymph nodes

spinal cord

draining lymph nodes

spinal cord

spinal cord

brain

brain

17-9

17-9

21

21

Statement of Ref-
Significant erence
difference

NS Chen et al., 2006

NS Axtell et al., 2006

NS Axtell et al., 2006

Significant Axtell et al., 2006

NS Axtell et al., 2006

NS Axtell et al., 2006

Significant Ivanov et al., 2006

NS Ivanov et al., 2006

NS Park et al., 2005

NS Park et al., 2005
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Genotype Changein Co-treatments Severity Quality Method of Where Day of Statement of Ref-

No. of Outcome of Disease Assessment Assessed Assess Significant erence
Studies difference
RORYy-/-
3 CCL11 decrease Rorgamma-/- bone marrow cells decreased 2 RT-PCR spinal cord 21 Significant lvanov et al., 2006
reconstituted into RAG2-/- mice severity
3 CCL9 decrease Rorgamma-/- bone marrow cells decreased 2 RT-PCR spinal cord 21 Significant lvanov et al., 2006
reconstituted into RAG2-/- mice severity
3 CCL24 decrease Rorgamma-/- bone marrow cells decreased 2 RT-PCR spinal cord 21 Significant lvanov et al., 2006
reconstituted into RAG2-/- mice severity
3 CCL20 decreae Rorgamma-/- bone marrow cells decreased 2 RT-PCR spinal cord 21 Significant lvanov et al., 2006
reconstituted into RAG2-/- mice severity
3 CCL6 decrease Rorgamma-/- bone marrow cells decreased 2 RT-PCR spinal cord 21 Significant lvanov et al., 2006
reconstituted into RAG2-/- mice severity
cXcL1
anti-IL-17
1 CXCL1 decrease decreased 2 Tagman PCR brain - NS Park et al., 2005
severity
IL-2
anti-IL-17
1 IL-2 decrease decreased 2 ELISA lymph node cells & spleen 18 NS Park et al., 2005
severity cells
1 TNF increase decreased 2 intracellular cytokine CNS 12 NS Chen et al., 2006
severity staining
1 TNF decrease decreased 2 FACS analysis 12 NS Chen et al., 2006
severity
1 TNF increase decreased 2 ELISA lymph node cells & spleen 18 NS Park et al., 2005
severity cells
1 IL-17 decrease decreased 2 FACS analysis 12 NS Chen et al., 2006
severity

14



Genotype
No. of
Studies

1 IL-17 decrease

1 IFN-y increase

1 IFN-y decrease

anti-IL-23p19
2 TNF decrease

1 IFN-y decrease

2 IL-17 decrease
IL-17-/-

2 IL-17 decrease

2 IL-4 same

2 IFN-y increase
IL18-/-

4 IL-23p40 decrease

2 IL-17 decrease

Change in
Outcome

Co-treatments Severity Quality

of Disease
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

ELISA

ELISA

FACS analysis

FACS analysis
intracellular cytokine
staining

FACS analysis

ELISA FACS analysis

ELISA

ELISA

ELISA

ELISA

ELISA

Where Day of
Assessed Assess
lymph node cells & spleen 18
cells
lymph node cells & spleen 18
cells
12
CNS 12
12
N/A 12-N/A
lymph node cells -
lymph node cells -
lymph node cells -
spleen cells -
lymph node cells 7

Statement of Ref-

Significant erence
difference
NS Park et al., 2005

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Park et al., 2005

Chen et al., 2006

Chen et al., 2006

Chen et al., 2006

Chen et al., 2006

Yutaka et al., 2006

Yutaka et al., 2006

Yutaka et al., 2006

Gutcher et al., 2006

Gutcher et al., 2006
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Genotype Changein

No. of Outcome
Studies
IL18rl-/-
2 IL-23p40 decrease
2 IL-23p40 decrease
2 IL-17 decrease
IL-1R-/-
1 IL-6 increase
1 TNF-a decrease
1 IL-17 decrease
1 IL-10 increase
IL-27ra-/-
1 TNF increase
1 IL-6 increase
1 IL-17 increase

1 GM-CSF increase

Co-treatments
of Disease

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

increased
severity

increased
severity

increased
severity

increased
severity

Severity Quality

Method of
Assessment

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

Where
Assessed

spleen cells

spleen cells

lymph node cells

Spleen cells

Spleen cells

Spleen cells

Spleen cells

spinal cord

spinal cord

spinal cord

spinal cord

Day of
Assess

24

24

24

24

14

14

14

14

Statement of Ref-

Significant erence
difference

NS Gutcher et al., 2006

Significant Gutcher et al., 2006

Significant Gutcher et al., 2006

NS Sutton et al., 2006

NS Sutton et al., 2006

Significant Sutton et al., 2006

NS Sutton et al., 2006

Significant Batten et al., 2006

Significant Batten et al., 2006

Significant Batten et al., 2006

Significant Batten et al., 2006
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Genotype
No. of
Studies

Change in
Outcome

1 IL-17F increase

Jnk1-/-

1 IL-17 decrease

PKCO-/-

2 IL-17 decrease

RORYy-/-

3 IL-6 decrease

3 IL-17F decreae

3 IL-17 decreae

3 CCR1 decrease

TgTGF-
1 total TGF-B increase

1 IFN-y decrease
1 IL-10 decrease
1 IL-17 increase

Co-treatments

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Rorgamma-/- bone marrow cells
reconstituted into RAG2-/- mice

Severity Quality

of Disease
increased 4
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
increased 2
severity
increased 2
severity
increased 2
severity
increased 2
severity

Method of
Assessment

ELISA

ELISA

ELISA

RT-PCR

RT-PCR

RT-PCR

RT-PCR

ELISA

ELISA

ELISA

ELISA

Where
Assessed

spinal cord

lymphoid cells

spleen cells

spinal cord

spinal cord

spinal cord

spinal cord

spleen cells

spleen cells

spleen cells

spleen cells

Day of
Assess

14

2-4

14-21

21

21

21

21

Statement of Ref-
Significant erence
difference

Significant Batten et al., 2006

NS Tran et al., 2006

Significant Seng-Lai et al., 2006

Significant Ivanov et al., 2006

Significant Ivanov et al., 2006

Significant Ivanov et al., 2006

Significant lvanov et al., 2006

NS Becher et al., 2003

NS Becher et al., 2003

NS Becher et al., 2003

NS Becher et al., 2003
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Genotype Changein

No. of Outcome
Studies

1 IL-4 decrease

1 IL-6 decrease

1 TNF-a decrease
TNFR1-/-

1 increase

1 increase
WT (Fasudil)

1 GM-CSF decrease

1 TNF-a decrease
1 IL-10 decrease
1 IL-17 decrease
1 IL-1 decrease

1 IL-5 decrease

Co-treatments Severity Quality

of Disease
increased 2
severity
increased 2
severity
increased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

ELISA

ELISA

ELISA

MFI

MFI

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

Where
Assessed

spleen cells

spleen cells

spleen cells

spinal cord & brain

spinal cord & brain

spleen cells

spleen cells

spleen cells

spleen cells

spleen cells

spleen cells

Day of
Assess

10

10

10

10

10

10

Statement of Ref-

Significant erence
difference

NS

NS

NS

NS

Significant

NS

NS

NS

NS

NS

NS

Becher et al., 2003

Becher et al., 2003

Becher et al., 2003

Wheeler et al., 2006

Wheeler et al., 2006

Sun et al., 2006

Sun et al., 2006

Sun et al., 2006

Sun et al., 2006

Sun et al., 2006

Sun et al., 2006
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Genotype
No. of
Studies

Change in
Outcome

1 IL-2 decrease
1 IL-4 increase

1 IFN-y decrease

WT (IFN-y)
2

TNF increase

2 IFN-y increase
2 IL-17 increase
WT (zymosan)
4 IL-6 decrease
4 IL-23 decrease
IL-17 mRNA
IL18-/-
2 IL-17 mRNA increase
IL18rl-/-
2 IL-17 mRNA decrease

Co-treatments Severity Quality

of Disease
decreased 2
severity
decreased 2
severity
decreased 2
severity
increased 2
severity
increased 2
severity
increased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity

Method of
Assessment

ELISA

ELISA

ELISA

FACS analysis
intracellular cytokine
staining

intracellular cytokine
staining FACS analysis

ELISA FACS analysis

RT-PCR

RT-PCR

RT-PCR

RT-PCR

Where Day of
Assessed Assess
spleen cells 10
spleen cells 10
spleen cells 10
CNS 12
brain & spinal cord 12
N/A 12-N/A

spleen cells draining lymph
node

spleen cells draining lymph
node

lymph node cells

lymph node cells

18-42

18-42

Statement of Ref-
Significant

erence
difference
NS Sun et al., 2006

NS Sun et al., 2006

Significant Sun et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Chen et al., 2006

NS Vledhoen et al., 2006

NS Vledhoen et al., 2006

NS Gutcher et al., 2006

Significant Gutcher et al., 2006
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Genotype Changein
No. of Outcome
Studies
PKCH-/-
1 IL-17 mRNA same
2 IL-17 mRNA decrease
TNFR1-/-
1 IFN-y mRNA increase
1 increase
1 IL-17 mRNA increase
WT (IL-12)
1 IL-17 mRNA decrease
1 IL-12Rbeta2 mRNA increase
1 IL-17F mRNA decrease
1 IL-23R mRNA decrease
1 IFN-y mRNA increase
1 IL-6 mMRNA decrease

Co-treatments

IL-2

IL-2

Severity Quality

of Disease

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

decreased
severity

Method of
Assessment

ELISA

ELISA Tagman RT-PCR

RT-PCR

RT-PCR

RT-PCR

Tagman RT-PCR

Tagman RT-PCR

Tagman RT-PCR

Tagman RT-PCR

Tagman RT-PCR

Tagman RT-PCR

Where
Assessed

spleen cells

spleen cells spinal cord

spinal cord

spinal cord

spinal cord

draining lymph nodes

draining lymph nodes

draining lymph nodes

draining lymph nodes

draining lymph nodes

draining lymph nodes

Day of
Assess

21

Statement of Ref-

Significant erence
difference
Significant Seng-Lai et al., 2006

Significant

Significant

Significant

NS

Significant

Significant

Significant

Significant

Significant

Significant

Seng-Lai et al., 2006

Wheeler et al., 2006

Wheeler et al., 2006

Wheeler et al., 2006

Langrish et al., 2004

Langrish et al., 2004

Langrish et al., 2004

Langrish et al., 2004

Langrish et al., 2004

Langrish et al., 2004
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Genotype Changein
No. of Outcome
Studies

1 Granzyme G mRNA increase

1 IL-17 mRNA decrease

1 TNF mRNA decrease

immunoglobulin frequency
IL-17/-

2 IgM decrease

2 IgG3 increase

2 IgG2b increase

2 IgG2a increase

4 IgG increase

4 IgG increase

2 IgG1 increase
WT (IL-12)

1 Integrin-alpha3 mRNA decrease

Co-treatments Severity Quality
of Disease
decreased 2
severity
decreased 1
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2
severity
decreased 2

severity

Method of
Assessment

Tagman RT-PCR

RT-PCR

Tagman RT-PCR

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

Tagman RT-PCR

Where
Assessed

draining lymph nodes

spleen cells

draining lymph nodes

sera

sera

sera

sera

sera

sera

sera

draining lymph nodes

Day of
Assess

42

42

42

42

-1-20

<40-42

42

Statement of Ref-
Significant erence
difference

Significant Langrish et al., 2004

NS Gran et al., 2004

Significant Langrish et al., 2004

NS Yutaka et al., 2006

NS Yutaka et al., 2006

NS Yutaka et al., 2006

NS Yutaka et al., 2006

NS Yutaka et al., 2006

Significant Yutaka et al., 2006

Significant Yutaka et al., 2006

Significant Langrish et al., 2004



Genotype Changein

No. of Outcome
Studies
NO levels
WT (IL-12)
1 decrease
2 increase

Co-treatments Severity Quality Method of
of Disease Assessment
decreased 1 Griss reagent
severity
decreased 1 Griss reagent
severity

Where
Assessed

spleen cells

spleen cells

Day of Statement of Ref-
Assess Significant erence
difference

21 Significant Gran et al., 2004

21 NS Gran et al., 2004
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