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Abstract
Patients with multiple sclerosis (MS) show a high prevalence of myelin-reactive CD8+ and CD4+
T-cell responses, which are the putative effectors/modulators of CNS neuropathology. Utilizing a
novel combination of short-term culture, CFSE-based sorting and anchored PCR, we evaluated
clonal compositions of neuroantigen-targeting T-cells from RRMS patients and controls. CDR3
region analysis of TCRβ chains revealed biased use of specific TCRBV-bearing CD4+ clones.
CD8+ clones showed homology to published TCR from CNS-infiltrating T-cells in MS lesions.
These studies are the first description of TCR usage of CNS-specific CD8+ T-cells and provide
insights into their potential regulatory role in disease.
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1. INTRODUCTION
Multiple sclerosis (MS) is an inflammatory, demyelinating disorder of the central nervous
system (CNS) that affects more than one million people worldwide. Although the etiology
of MS is poorly understood, there is considerable evidence for an immune-mediated
pathology, such as the presence of T-cell responses to myelin antigens (Martin et al., 1992),
a strong genetic association with certain HLA Class II haplotypes, and polymorphisms in
cytokine receptors (Barcellos et al., 2006; Gregory et al., 2007; Hafler et al., 2007).
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Evidence supporting the involvement of T-cells is based upon a vast body of work in an
animal model of MS, experimental autoimmune encephalomyelitis (EAE). This well-
characterized model can be induced by immunization with myelin sheath proteins such as
myelin basic protein (MBP) (Einstein et al., 1962), myelin oligodendrocyte glycoprotein
(MOG) (Lebar et al., 1986), or proteolipid protein (PLP) (Tuohy et al., 1988; Wekerle,
1991) or by adoptive transfer of neuroantigen-targeting T-cells which can commute disease
to a new host (Pettinelli and McFarlin, 1981).

Specifically, autoreactive CD4+ Th1/Th17 T-cells are believed to be the principle mediators
of both EAE and MS, based on several observations, such as: IL-2 and IFN-γ production by
infiltrating CD4+ T-cells isolated from the CNS of mice with acute EAE (Renno et al.,
1995), presence of Th1-inducing cytokines in inflammatory lesions and treatment of mice
with Th1-inducing cytokines resulting in aggravation of autoimmune disease (Gutcher and
Becher, 2007) and analysis of gene transcripts in chronic MS lesions revealing an increased
level of IL-17 transcripts when compared to acute lesions or control tissues from healthy
subjects (Lock et al., 2002). Additionally, CD8+ T-cells are also believed to play a role in
this autoimmune disease as revealed by MS and EAE studies. For example, CD8+ and
CD4+ T-cells were found in demyelinating MS lesions (Traugott et al., 1983), CD8+ T-cells
predominating and exhibiting oligoclonal expansion within the lesions (Babbe et al., 2000;
Monteiro et al., 1996). We have previously shown that CD4+ and CD8+ T-cells responses to
neuroantigens could be detected in MS as well as healthy individuals, with slightly higher
CD8+ T-cell responses to myelin-associated oligodendrocytic basic protein (MOBP) in MS
(Crawford et al., 2004). Studies using transgenic and wildtype myelin-specific CD8+ T-cells
have revealed a potential pathogenic or regulatory role in certain models of EAE (Huseby et
al., 2001; Steinman, 2001; Sun et al., 2001; York et al., 2010). Our recent studies, both in
EAE (York et al., 2010) and human MS (Baughman et al., 2011) demonstrated a novel and
unexpected regulatory role for autoreactive, CNS-specific CD8+ T-cells in these diseases.

In an effort to further elucidate the dynamics of CNS-reactive CD4+ and CD8+ T-cells in
MS, we evaluated the clonal composition of these neuroantigen-specific T-cells. Earlier
studies have evaluated mainly CNS-specific CD4+ T-cell repertoire from both the CNS as
well as the periphery, using a combination of different PCR primers to amplify T-cell
receptor (TCR) Vβ segments (Gran et al., 1998; Kotzin et al., 1991; Monteiro et al., 1996;
Musette et al., 1996; Wucherpfennig et al., 1992), an approach that could suffer from
differing reaction efficiencies. Other studies have used antibodies to different Vβ segments
(Jacobsen et al., 2002), gaining a global overview of TCR usage. In addition, CDR3
spectratyping studies have been used to measure the Gaussian distribution of CDR3 lengths,
with (Matsumoto et al., 2003) or without (Muraro et al., 2006) sequencing of interesting
peaks. In the current study, we utilized a novel combination of short-term culture, flow
cytometric sorting and a non-biased (anchored) PCR approach, to evaluate the clonal
composition of both CD4+ and CD8+ T-cells responsive to two myelin antigens. These
studies are the first description of TCR usage of neuroantigen-specific CD8+ T-cells and
also make interesting observations regarding TCR usage by myelin-specific CD4+ T-cells in
MS, compared to healthy subjects.

2. MATERIALS AND METHODS
2.1. Subject Characteristics

MS patients and healthy controls (HC) were recruited at the UT Southwestern Medical
Center and peripherial blood mononuclear cells (PBMC) were obtained by performing
leukapheresis under approved IRB protocol. At the time of donation, MS patients had not
received steroid treatment in the preceding three months and had never received interferon-
β, glatiramer acetate or any disease-modifying immunomodulatory therapy. All MS patients
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were clinically defined as relapsing remitting MS (RR-MS) and were in remission at the
time of leukapheresis. The age (in years) and gender distribution was as follows – MS
patients: M584-41/F; M971-47/F; M210-47/F; M250-48/F and healthy controls: H267-48/F;
H548-32/M; H333-53/F; H504-36/F. Ficoll-Paque Plus (Amersham Biosciences) separation
was used in order to obtain PBMC, which were immediately cryopreserved on the day of
collection (Karandikar et al., 2002).

2.2. Myelin Antigens
Because of the diverse specificity of MS immune responses, PBMC were stimulated in vitro
using pools of serial 15-mer peptides (overlapping by 10) spanning two entire putative MS
antigens (human sequences), myelin basic protein (MBP) and proteolipid protein (PLP) as
described before (Crawford et al., 2004). Peptides were dissolved in dimethyl sulfoxide
(DMSO), such that cultures contained less than 1 μl DMSO/ml of media.

2.3. CFSE-based flow sorting
MBP and PLP-specific CD4+ and CD8+ T-cells were sorted from CFSE-stained PBMC
cultures, as described (Crawford et al., 2004; Karandikar et al., 2002). Briefly, PBMC were
first suspended at 1×106/mL in phosphate-buffered saline (PBS) and incubated at 37°C for 7
mins. with 0.25 μM CFSE. Following addition of serum and two PBS washes, cells were
resuspended at 2×106/mL in H5 media (RPMI 1640 supplemented with glutamine, 5%
human AB serum, penicillin and streptomycin) and cultured in 15-30 ml of media in T25 or
T75 flasks (BD Biosciences) with MBP or PLP peptide pools at 10 μg/mL (per 15-mer
peptide). On day 7, cells were washed and stained with fluorescently tagged anti-CD4 and
anti-CD8 antibodies and sorted by electronic gating into CFSE low (antigen responding) and
CFSE high (non-responding), CD4+ and CD8+ T-cell populations using a BD
FACSVantage SE sorter. On populations with adequate yields (>200,000 cells), a “post-
sort” run was performed revealing >95% purity. Sorted cells were collected in 1.5 ml
Sarstedt tubes, pelleted and frozen at −80°C in RNAlater (Ambion, Austin, TX) for
subsequent molecular analyses. In previous reports, we have shown that this technique
acquires a highly enriched population of antigen-specific, HLA-restricted CD4+ and CD8+
T-cells (Crawford et al., 2004).

2.4. Evaluation of TCR repertoire
As previously described, a detailed evaluation of the clonal repertoire was performed on
each sorted antigen-specific T-cell population using an anchored PCR approach (Biegler et
al., 2006; Douek et al., 2002) thus allowing for the characterization of endogenous levels of
TCR Vβ usage. Total RNA was isolated (RNAEasy kit, Qiagen, Valencia, CA) and a
portion used for anchored RT-PCR using a modified version of the Switching Mechanism at
the 5′ end of RNA Transcript procedure (SMART Race cDNA Amplification Kit, BD
Clonetech). A TCRβ constant region 3′ primer for the PCR was used to obtain TCRβ PCR
products from the 5′ end to the start of the TCRβ constant region. The PCR product was
ligated into the pGEMT Easy vector (Promega, Madison, WI) and used to transform
Escherichia coli (Max Efficiency DH5α, Invitrogen). White colonies were selected,
amplified by PCR with M13 primers, and sequenced using the ABI BigDye Terminator
V3.1 Cycle Sequencing Kit and sequenced on an ABI 3300 sequencer (ABI, Foster City,
CA). Sequences were translated and then defined using the nomenclature from the
International ImMunoGeneTics information system® (IMGT, http://imgt.cines.fr; initiator
and coordinator: Marie-Paule Lefranc, Montpellier, France) (Lefranc, 2001; Lefranc, 2004).
A Basic Local Alignment Search Tool (BLAST) search was conducted to compare dominant
clone sequences to published TCR data (http://www.ncbi.nlm.nih.gov/BLAST/).
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2.5. Data Analysis
T-cell clonality was assessed by evaluating unique TCR sequences represented in the
populations [representation of a single clone at ≥10% was considered significant, as
described previously (Biegler et al., 2006)]. Prism 5.0c students' t- test was used to compare
the overall distribution of TCR clones between the different groups. Chi-square tests were
used to compare distribution across cohorts. p < 0.05 was considered significant, whereas p
value between 0.05 and 0.10 was considered a “trend”.

3. RESULTS
3.1. Clonal dominance within MBP-specific CD8+ T-cells in healthy subjects but not MS
patients

We evaluated the myelin-specific CD4+ and CD8+ T-cell TCR repertoire in PBMC
specimens from MS patients and healthy subjects. As described in prior studies (Biegler et
al., 2006; Crawford et al., 2004; Karandikar et al., 2002) we combined flow sorting and
CFSE-labeled PBMC in order to obtain a high yield of antigen-specific T-cells. In
conjunction with a short term in vitro culture (7 days) and myelin antigen stimulation, we
were successfully able to obtain myelin-specific CD4+ and CD8+ T-cells (Crawford et al.,
2004; Douek et al., 2002). For molecular analysis of the TCR repertoire, we utilized a
constant pair of primers for the anchor and TCRβ constant region in order to amplify the
complete TCR in a given population of cells (Biegler et al., 2006; Douek et al., 2002). This
method allowed us to circumvent the use of multiple primer pairs and possible differences in
amplification efficiencies, thus allowing us to more accurately assess the TCR distribution
on a sorted T-cell population.

Individual TCR repertoire analysis of MBP-specific CD4+ and CD8+ T-cell responses from
three healthy subjects and three treatment-naïve MS patients are depicted in Figure 1. The
figure provides a visual depiction of the distribution of specific sequences within the total
MBP-specific repertoire. Overall, both untreated MS patients and healthy subjects exhibited
a diverse clonotypic distribution within their MBP-specific T-cell responses. MBP-specific
CD4+ T-cell responses showed at least one dominant clone (>10% of the total repertoire) in
every subject. Overall, clonal dominance was similar between healthy subjects [2.2% (3
prominent sequences out of 134), Figures 1A, C, E] and MS patients [3.1% (4 out of 126),
Figures 1G, I, K], p =n.s.. Interestingly, healthy subjects showed a slight trend toward a
more focused MBP-specific response in the CD8+ compartment as revealed by 6.0% clonal
dominance (7 out of 116, Figures 1B, D, F). In contrast, MBP-specific CD8+ T-cells from
MS patients were much more polytypic, similar to their CD4 responses, as revealed by a
2.1% clonal dominance (2 out of 93, Figures 1H, J, L).

3.2. Distinct TCRBV usage in MBP-reactive CD4+ T-cells in MS
We next evaluated the specific TCR sequences of the antigen-specific clones. Tables 1-4
demonstrate the individual CDR3 sequences, showing clones that were represented at least
two times within a total repertoire. Individual sequences of MBP-specific CD4+ and CD8+
TCR were distinct across different MS patients and healthy controls. To gauge the overall
variable region β chain usage in MS patients vs. healthy controls, we plotted the contribution
of each TCRBV region within the MBP-specific CD4 and CD8 repertoires. Figure 2
demonstrates the prominent TCRBV5 usage in patients M210 and M584. Figure 3 depicts
these data in a cumulative manner to compare MS patients and healthy subjects.
Interestingly, while there were clonal dominance differences in the MBP-specific CD8+ T-
cells (Figure 1), TCRBV usage differences were prominent in the MBP-specific CD4+ T-
cell repertoires (Figure 3). Thus, MS patients showed a significantly higher usage of
TCRBV4, TCRBV5, TCRBV7, TCRBV9 and TCRBV11 and significantly lower usage of
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TCRBV3 and TCRBV27 (Figure 3A). Cumulatively, TCRBV usage appeared to show
similar distribution within the CD8+ T-cell repertoires of healthy subjects and MS patients
(Figure 3B), with only marginal differences.

3.3. Focused clonal composition of PLP-specific CD8+, unlike CD4+ T-cells, in MS
In contrast to MBP-specific T-cell responses, PLP-specific CD4+ T-cells exhibited a
broadly polyclonal TCR repertoire (Figure 4 and Supplemental Tables 1-4). The PLP-
specific CD4+ and CD8+ TCR repertoire possessed no unique dominating sequence in
healthy subjects. MS TCR analysis revealed only one dominating CD4 sequence (1.0%* or
1 out of 95, Figure 4D), whereas PLP-CD8+ TCR repertoire revealed a significantly more
focused response as revealed by a 10.3%* clonal dominance (3 out of 29), *p=0.01 (Figures
4E, G). We had difficulty getting adequate evaluable PLP-specific CD8 responses from
healthy subjects and thus, comparison between healthy subjects and MS patients was not
possible.

TCRBV analysis of the PLP-specific T-cell repertoire revealed broad usage across MS
patients and healthy controls (Figure 5), with no striking usage differences within the CD4
repertoires. Due to limited evaluation of the PLP-specific CD8 responses within our healthy
subjects, we are unable to comment on their comparative attributes.

3.4. Comparison of MBP- and PLP-specific TCR with published TCR sequences
Finally, we compared our set of CNS-specific TCR sequences to published sequences using
open BLAST sequence analysis. A sequence was determined to be similar when at least four
matching amino acids were located within the -NDN- hypervariable region, along with the
same TCRBV and TCRJV usage.

Table 5 shows matches found against sequences derived from MS patients in our study.
Interestingly, among all the published TCR sequences (not selected for any specific disease),
the overwhelming majority of matches were found in sequences from other MS patients.
Four positive matches were found among the published sequences from micro-dissected
CNS-infiltrating CD8+ T-cells taken from active lesions of MS patients (Babbe et al., 2000).
This prior study found oligoclonal expansion of CNS-infiltrating CD8+ T-cells, suggesting
an important function for these cells in the MS lesion. One match was found among a set of
published TCR from a study of Chronic Encephalitis of Rasmussen (Li et al., 1997). In this
study, TCR sequences were analyzed among brain samples from seven patients, three MS
patients, two viral encephalitis cases, four cases of medically refractory partial epilepsy and
two cases with no detectable inflammatory neurologic condition. The only sequence found
matching a myelin antigen-specific TCR was from one of the MS patients. The N-D-N
sequence (GLAGG) also matched sequences published in other studies unrelated to MS
including one of our own sequences from healthy subject H333, suggesting a more “public”
CDR3 sequence (Ria et al., 2001). Of note, when TCR sequences from healthy subjects in
our study were used to query the Genebank records, no matches were found that originated
from any MS-related studies. Near matches were detected from other diseases such as
chronic myeloid leukemia and non-Hodgkin lymphoma (data not shown), the significance of
which is unclear.

4. DISCUSSION
In this study, we characterized the clonal composition of myelin-specific T-cells in MS
patients by performing an unbiased anchored PCR assay on the TCR BV chains of sorted
CD4+ and CD8+ T-cells. While there have been prior descriptions of TCR usage by myelin-
specific T-cells in MS, most of these are based either on long-term T-cell lines or on
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analysis methods that utilize CDR3 spectratyping (length) followed by detailed sequencing
only of “major” peaks. Several unique features of our approach improve upon prior
analyses. First, we utilized flow-cytometric sorting of CFSE-labeled PBMC cultured for
seven days with pools of myelin peptide fragments spanning the entire length of both MBP
and PLP. Thus, after relatively short-term cultures, we were able to obtain antigen-specific
CD4+ and CD8+ T-cells from MS patients and healthy subjects. We have shown previously
that these sorted cells represent highly enriched, HLA-restricted, antigen-specific T-cell
populations (Crawford et al., 2004). Second, by utilizing SMART-Race cDNA amplification
in which an anchored RT-PCR is performed using a SMART switching mechanism in
conjunction with a TCRβ constant region primer for the PCR we obviated the need for
multiple TCR Vβ family primer sets and avoided any bias that may have arisen due to
differing reaction efficiencies (Biegler et al., 2006; Douek et al., 2002). Third, the direct
sequencing of the CDR3 regions allowed us to formulate the clearest picture of the clonal
distribution of myelin-specific T-cells without any presumption regarding the true sequence
of the CDR3 region, based simply on TCRBV usage and CDR3 length. Indeed, numerous
instances can be found where the N-D-N regions are of the same length, but contain
completely different amino acid sequences. Fourth, with regard to the circulating peripheral
population of T-cells in MS patients, the clones of interest may not always be located in the
dominant peak of a spectratype. Thus, we were able to generate a dataset containing over
500 TCR sequences from myelin-specific T-cells. Finally, our approach has allowed us to
provide the first detailed descriptions of myelin antigen-specific CD8 TCR sequences from
MS patients and healthy subjects.

In general, populations of CD4+ T-cells responding to MBP were polyclonal. Healthy
subjects and the MS patients showed a few clones slightly dominant amongst the polyclonal
response. PLP-specific CD4+ T-cells were also polyclonal with none of the clones having
more than 10% representation in any MS patient or healthy subject's response. In contrast,
MBP-specific CD8+ T-cells from all three healthy subjects were less polyclonal than their
CD4+ counterparts, showing clear prominence of some clones. This finding correlates with
previous reports showing healthy subjects with oligoclonality in their CD8+ T-cell
populations (Batliwalla et al., 1996). The MBP-specific CD8+ T-cells from MS patients
(especially M210 and M250) were truly polyclonal, similar to our prior finding that
glatiramer acetate (GA)-reactive CD8+ T-cells from MS patients are polyclonal, distinct
from those of healthy subjects (Biegler et al., 2006). This difference in clonal distribution is
intriguing, especially in the context that the functional role of these cells could also be
distinct between MS patients vs. healthy subjects. Prior studies from us have shown a mixed
functional profile of MS CNS-specific CD8+ T cells (Crawford et al., 2004). In recent
studies, we have shown that CNS-specific CD8+ T-cells appear to have an unexpected and
clinically significant immune regulatory role during CNS demyelinating disease, both in
human MS as well as EAE (Baughman et al., 2011; York et al., 2010). In that regard
myelin-specific CD8+ T-cells behave functionally similar to GA-specific CD8+ T-cells
(Tennakoon et al., 2006). Thus, the oligoclonal myelin-specific CD8+ T-cells from healthy
subjects may have robust immune regulatory properties, which are lacking in the
polyclonally distributed CD8+ T-cells of MS patients, especially during clinical relapses
(Baughman et al., 2011). Therefore, while we did not observe specific TCRBV usage
differences in the CNS-specific CD8+ T-cell responses between healthy subjects vs. MS
patients, just the differences in the clonal distribution may potentially indicate the lack of an
important regulatory CD8+ T-cell subset in baseline MS. While prior studies have found
some global CDR3 distribution differences in CD8+ T-cells in MS patients vs. healthy
subjects (Laplaud et al., 2004), this difference does not seem to represent CNS-specific
CD8+ T-cells. These findings correlate with a previous study finding little or no difference
in the clonal composition of myelin antigen-reactive T-cells between MS patients and
healthy subjects (Hafler et al., 1996). Possibly a more detailed breakdown of the CD8+ T-
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cell population would provide more insights, such as one performed by Somma et al., where
they found a skewed repertoire in 3 pairs of MS discordant twins when they divided the
CD8+ T-cell fraction into CCR7 negative (effector memory) and CCR7 positive (central
memory, naïve) fractions (Somma et al., 2007).

Reports of skewed Vβ usage in MS patients have been controversial. No difference in
peripheral blood TCR Vβ chain expression was found between MS patients and healthy
subjects when investigated with fluorochrome conjugated antibodies to Vβ segments
(Jacobsen et al., 2002). However, two studies confirmed skewed repertoires with respect to
Vβ23 by using other methods (Monteiro et al., 1996; Somma et al., 2007). Other studies
have reported that Vβ5-family CDR3 gene segments were oligoclonally expanded in MS
patients when compared to healthy subjects (Bourdette et al., 1994; Matsumoto et al., 2003).
Another recent study performed laser micro-dissection of brain autopsy specimens from
multiple sclerosis patients and found expanded Vβ5 family TCR from CD8+ T-cells in 3 of
4 patients studied (Junker et al., 2007). In our findings, MBP-stimulated CD4+ T-cells from
MS patients showed high levels of clonally expanded BV5 family TCR (21.7%) when
compared to their healthy counterparts (6.3%). When looking at TCRBV5 family usage
among the PLP-reactive T-cells we found an increase in the CD4+ T-cells from patient
M210 (21.2%) when compared to the CD4+ T-cells from healthy control H333 (14%). Thus,
the higher representation of specific CD4+ T-cell clones may reflect the inability of
regulatory mechanisms to control the expansion of pathogenic clones in the context of MS.

Using our newly generated TCR database, we were able to query the Genebank database for
matches of interest. Although MS patients and healthy subjects possess myelin-specific T-
cell responses at comparable magnitudes (Crawford et al., 2004), the TCR involved in these
responses are quite distinct, in that TCR from healthy subjects did not generate any near-
matches in previously published MS patients. In contrast, a number of TCR sequences from
MS patients showed matches with sequences obtained from MS patients in prior studies
(Babbe et al., 2000). In fact, even matches that we deemed marginal (3 consecutive amino
acids inside the hyper-variable region) were not found between our healthy cohort and
previous MS sequences.

Interestingly, patient M971 possessed MBP-reactive CD8+ T-cells that have very similar
TCR sequences to CNS-infiltrating CD8+ T-cells found in micro-dissected lesions from the
study by Babbe et al (Babbe et al., 2000). The clone containing the N-D-N sequence
LAGQG (Table 9) was a close match for two clones from the Babbe et al., study, one of
which matched the BV5.1 used and one that did not. This particular clone represented 12.5%
of total clones (4/32). A second clone with N-D-N sequence TRTGSG was a close match for
yet another clone from the same previous study and both used BV5 family gene segments.
This clone represented 6.25% of total sequences (2/32). We believe these findings of near-
matching TCR from CD8+ T-cells is both very rare and quite interesting when considered in
light of other observations such as those made in a previous study by Skulina et al. in which
they found clonally expanded CD8+ T-cells in MS brain lesions. These exact clones were
also found in the peripheral blood and were found to persist for years (Skulina et al., 2004).
The precise function of such expanded clones during the disease process (pathogenic vs.
regulatory) will be of important consequence in understanding the underlying pathogenesis
and devising better immunotherapeutic strategies in the future.

To summarize, we combined short term in vitro culture and flow-based sorting to isolate
pure populations of myelin-specific CD4+ and CD8+ T-cells to evaluate TCR clonal
composition using an unbiased approach. Our results demonstrate distinct TCR usage by MS
patients in their polyclonal CNS-specific CD4+ T-cell responses. In contrast to MS patients,
healthy subjects exhibit oligoclonal CD8+ TCR distribution, which may reflect important
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differences in overall regulatory ability between MS patients vs. healthy controls. Future
studies are needed to address the functional role of these specific TCRBV myelin-specific T-
cells and address the question of whether these cells are playing a part in the pathogenic
process of this autoimmune disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. TCR repertoire of MBP-specific T-cells in MS and healthy subjects
PBMC from three healthy subjects (A-F) and three treatment-naïve RRMS patients (G-L)
were used to obtain purified populations of MBP-specific CD4+ (left column) and CD8+
(right column) T-cells using CFSE-based flow sorting. TCRβ repertoire was evaluated
within each population. The total number of sequences (n) analyzed per population is
denoted in the corresponding bar graph. Each bar along the X-axis represents a unique
TCRβ sequence and the height of each bar represents its contribution to the total TCR
repertoire (% of total). Dotted line is drawn at the 10% level, used as a cutoff for significant
contribution by a single clone to the overall response.

Biegler et al. Page 11

J Neuroimmunol. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. TCRBV region gene usage in MBP-specific T-cells
TCRBV gene usage by MBP-specific CD4+ and CD8+ T-cells from three healthy subjects
(A-B) and three MS patients (C-D) is depicted. The X-axis represents unique TCRBV genes
while the Y-axis plots the contribution of each gene (percentage) within the antigen-specific
repertoire.
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Figure 3. Cumulative TCRBV usage in MBP-specific T-cells
These graphs represent cumulative data from Figure 3, depicting overall TCR usage among
MBP-specific CD4+ (A) and CD8+ (B) T-cells from healthy subjects vs. MS patients
(*p<0.08; **p<0.05).
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Figure 4. TCR repertoire of PLP-specific T-cells in MS and healthy subjects
The TCRβ repertoire was evaluated in sorted populations of PLP-specific CD4+ and CD8+
T-cells from two healthy subjects and two MS patients. The figure is structured similar to
Figure 1 (H504 did not have an evaluable CD8 response to PLP).
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Figure 5. TCRBV region gene usage in PLP-specific T-cells
TCRBV gene usage by PLP-specific CD4+ and CD8+ T-cells from two healthy subjects (A-
B) and two MS patients (C-D) is depicted (Figure structured similar to Figure 3).
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Table 5

Matching TCR clones with published TCR sequences

Source clone BV locus CDR3 BJ locus

CD8+ MBP from M971 (case 1) 5-1 SALYLCASSLAGQGVNTEAFFGQ 1-1

CD8+ active MS lesion (Babbe et al., 2000) 5-1 SALYLCASSLAGQGYTGELFFGE 2-2

CD8+ active MS lesion (Babbe et al., 2000) 7-9 SAMYLCASSLSGQGDYGYTFGS 1-2

CD8+ MBP from M971 (case 2) 5-1 SALYLCASSTRTGSGTEAFFGQ 1-1

CD8+ active MS lesion (Babbe et al., 2000) 5-4 SALYLCASSSRTGSVSYEQYFGP 2-1

CD4+ MBP from M250 2 SAMYFCASRVGTGA---QPQHFGD 1-5

CD8+ active MS lesion (Babbe et al., 2000) 6-6 TSVYFCASRPGTGASNQPQHFGD 1-5

CD4+ PLP from M210 18 SAAYFCASSPGLAGGPSYNEQFFGP 2-1

Encephalitis study control MS
patient (Li et al., 1997)

6-5 TSVYFCASSPGLAGGPNEQYFGP 2-1

CD4+ PLP from H333 27 TSLYFCASS--GLAGG-ADTQYFGP 2-3

Synovial fluid T-cell in Arthritis
patient (Striebich et al., 1998)

27 TSLYFCASSSPGLAGGTDTQYFGP 2-3

Infiltrating Lym. in calcified aortic
stenosis (Wu et al., 2007)

27 TSLYFCASSPGLAGGPTDTQYFGP 2-3
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