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Shared Human T Cell Receptor Vp Usage to 
Immunodominant Regions of Myelin Basic Protein 

Multiple sclerosis (MS) may be an autoimmune disease mediated by T cells specific for 
a myelin protein. Investigations have demonstrated myelin basic protein (MBP)- 
reactive T cells that were activated in vivo in MS patients, suggesting that MBP may be 
a target antigen in MS. The variable (V) region of  the T cell receptor (TCR) P chain 
was examined among 83  T cell lines from both MS patients and healthy subjects that 
were reactive with the immunodominant region of human MBP (residues 84  to 102) 
or with a second immunodominant region of  MBP (143 to 168). Vp17 and to a less- 
er extent Vp12 were frequently used in recognition of MBP(84-102) among differ- 
ent individuals. In contrast, Vp17 was very infkequent among lines reactive with 
MBP(143-168). These data demonstrate shared TCR Vp gene usage for the recogni- 
tion of immunodominant regions of the human autoantigen MBP. Such TCR 
structures may be used as targets for specific immunotherapy in MS. 

M ULTIPLE SCLEROSIS (MS) IS A 
chronic inflammatory. disease of 
the central nervous system charac- 

terized by prominent T cell and macrophage 
infiltrates and demyelination. The patho- 
genesis of MS is thought to arise from 
autoreactive T cells specific for a myelin 
protein that initiate the inflammatory pro- 
cess (1, 2). The recent demonstration of in 
vivo-activated myelin basic protein (MBP)- 
specific T cells in MS patients implicates 
MBP-reactive T cells in the pathogenesis of 
the disease in some individuals (3). Two 
regions of human MBP located between 
residues 84 to 102 and 143 to 168 were 
recently identified to be immunodominant 
(4, 5) .  MS patients have a higher frequency 
of T cells reactive with MBP(84-102) in 
their blood than do controls. Reactivity to 
MBP(84-102) is associated with DR2, 
whereas reactivity to MBP(143-168) is as- 
sociated with DRwl 1 (4). 

Experimental autoimmune encephalomy- 
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elitis (EAE) is the primary animal model for 
MS and can be induced by immunization 
with MBP in adjuvant or by passive transfer 
of CD4' T cells reactive with MBP (2, 6) .  T 
cells that induoe EAE in both mice and rats 
are specific for immunodominant MBP pep- 
tides presented by particular major histo- 
compatibility complex (MHC) class I1 mol; 
ecules and recognize MBP with specific T 
cell receptor (TCR) variable (V) regions of 
the p and a chains (7-9). In B1O.PL mice 
encephalitogenic T cells recognize an NH2- 
terminal MBP peptide (residues 1 to 9) 
presented by an H-2"-encoded MHC mole- 
cule (7). The majority of T cells recognizing 
this MHC-peptide complex use Vp8.2 and 
V,2 or V,4 (8) .  In Lewis rats TCR seg- 
ments homologous with the mouse Vp8.2 
and V,2 genes have been found in encepha- 
litogenic T cells specific for MBP(68-88) 
and I-A (9). Administration of a Vp8.2- 
specific monoclonal antibody (MAb) is 
effective in treating murine EAE, and immu- 
nization with Vp8.2-specific peptides ame- 
liorates EAE in the Lewis rat (8, 10). Thus, 
we analyzed in humans which Vp regions 
were used among T cells recognizing im- 
munodominant regions of MBP. 

TCR Vp usage of MBP-reactive T cell 
lines was determined by the polymerase 

chain reaction (PCR) amplification of 
cDNA with TCR Vpl  to Vp20 primers, 
followed by Southern (DNA) blotting, and 
hybridization with an internal TCR Cp 
probe (11-14). Particular care was taken to 
prevent contamination of samples. Ampli- 
fied and nonamplified samples were handled 
separately; reagents were divided into ali- 
quots and tested for the presence of ampli- 
fied material, and negative controls were 
included for all experimental steps (RNA 
isolation, cDNA synthesis, and PCR ampli- 
fication). 

Two series of experiments were per- 
formed to test the validity of this approach. 
First, we demonstrated that all primers ex- 
cept Vp20 were able to amplify cDNA from 
peripheral blood T cells (Fig. 1). Second, 
the specificity of PCR amplification was 
examined by analysis of Vp gene usage in 69 
independent T cell clones previously estab- 
lished by single-cell cloning with mitogen 
(phytohemagglutinin, PHA) and interleu- 
kin-2 from a normal subject and an MS 
patient (15). Because of the. high cloning 
efficiencies, these clones provide a repre- 
sentative analysis of Vp gene usage among 
peripheral blood T cells. TCR Vp gene 
usage could be determined for 65 of 69 
(94.2%) of these T cell clones, indicating 
that a large proportion of the TCR Vp 
repertoire was recognized by our Vp prim- 
ers. Whereas 58 of these clones (84%) were 
positive for a single Vp, seven clones 
(10.1%) were double-positive, possibly be- 
cause of the presence of two rearranged and 
expressed TCR genes or the presence of two 
cell populations in the sample. 

TCR Vp gene usage was analyzed in a 
total of 64 MBP(84-102)-reactive T cell 
lines and 19 MBP(143-168)-reactive lines 
established from five patients with definite 
early relapsing-remitting MS (4) and five 
control subjects. Thirty-one T cell lines from 
patient Hy reacted with MBP(84-102) (pa- 
tient l, Fig. 2). The Vp17 segment was used 
in 24 (77.4%) T cell lines, whereas other cell 
lines used Vp4, Vp7, or Vp14. Thus, Vp17 
is the major TCR Vp structure used to 
recognize MBP(84-102) in this MS patient. 
Vp17 usage was also found in T cell lines 
from the four other patients examined (Fig. 
2) and was present in 6 of 20 T cell lines. 
Vp12 was also used frequently and was 
found in 7 of 20 T cell lines reactive with 
MBP(84-102) (Figs. 1 and 2). This Vp is 
homologous to the mouse Vp8.2 (14, 
which is the predominant TCR Vp used 
among encephalitogenic T cells in mice and 
rats (8, 9). 

We examined TCR Vp gene usage among 
T cell lines reactive with MBP(84-102) in 
five healthy individuals (Fig. 2). All five cell 
lines from subject Rt, who was D M + ,  were 
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~ ~ 1 7 ' .  Both Vp17 and Vp12 genes were 
amplified from one cell line from subject Cr, 
and one of the two cell lines from subject Hr  
was Vp12+. In two other healthy controls, 
Vp8 was found in four of five T cell lines. 
These data show that Vp17 and Vp12 can be 
TCR recognition elements for this immuno- 
dominant region in some healthy individ- 

uals. Vp17 usage was more prominent in 
MS patient Hy and in DR2 control Rt, 
compared to the other subjects studied, 
possibly because of the presence of certain 
MHC polymorphisms affecting peptide pre- 
sentation or T cell receptor recognition. 

MS patient Cy expressed both the DR2 
and DRwll antigens and thus had T cells 

Table 1. Sequence analysis of TCR VP chains of ten T cell lines reactive with MBP(84-102). 
Complimentary DNAs were amplified with PCR primers for the VP17-leader segment and the TCR Cp 
region (10, 19). Amplified DNA was cloned into M13 and sequenced by the dideoxy method (three 
M13 plaques per T cell line) (1 1, 14). AU T cell lines use the Vp17.1 gene segment, and the sequences 
are homologous to the published sequence (13). AU TCR VP chains were found to  have an in-frame 
rearrangement. Shared TCR sequences are underlined. 

Cell 
line VP-JP usage 

Fn. lG6 

TyrLeuCysAlaSerSer 
tat a c  tgt gcc agt agt 
TyrLeuCysAlaSerSer 
tat ctc tgt gcc agt agt 
TyrLeuCysAlaSerSer 
tat ctc tgt gcc agt agt 
TyrLeuCysAlaSerArg 
tat ctc tgt gcc agt agg 
TyrLeuCysAlaSerArg 
tat ctc tgt gcc agt agg 
TyrLeuCysAlaSerArg 
tat ctc tgt gcc agt agg 
TyrLeuCysAlaSerSer 
tat ctc tgt gcc agt agt 
TyrLeuCysAlaSerSer 
tat ctc tgt gcc agt agt 

TyrLeuCysAlaSerSer 
tat ctc tgt gcc agt agt 
TyrLeuCysAlaSerGly 
tat ctc tgt gcc agt ggg 

MS patients 
~ h r A s ~ ~ r ~ ~ ; r  
act gac tgg agc 
ThrAspTrpSer 
act gac tgg agc 
ThrAspTrpSer 
act gac tgg agc 
TkSerGly 
a a  agc ggc 
TASerGl y 
act agc ggc 
TASerGly 
act agc ggc 
IleProPro 
atc cct cca 
A~&P -4% 
gcg gac agg 

Controls 
T>GlyGlnGlyLeuAsp 
act4 ggt tag ggg ttg gat 
AspAsnGlyGlyGlu 
gat sat ggt ggg gag 

SerTyrAsnGluGlnPhe 
tcc tac aat gag cag ttc 
SerTyrAsnGluGlnPhe 
tcc tac aat gag cag ttc 
SerTyrAsnGluGlnPhe 
tcc tac aat gag cag ttc 
~er~yrAsnGl;~l&he 
tcc tac aac gag. cag. ttc 

tcc tac aac gag cag ttc 
SerTyrAsnGluGlnPhe 
tcc tac aac gag cag ttc 
SerTyrGluGlnTyrPhe 
tcc tac gag cag tac ttc 
AspGlnProGlnHisPhe 
gat cag ccc cag cat m 

GluGlnPhe 
gag cag ttc 

GlnTyrPheGlyProGly 
cag tac ttc ggg ccg ggc 

Fig. 1. Southern (DNA) blot analysis of TCR 
Vp gene usage for (A) T cell lines reactive with 
MRP(8&102) or (B) T cell lines reactive with 
MBP( 143-168) generated from peripheral 
blood of five multiple sclerosis patients (4). (C)  
Peripheral blood T cells from a normal conrrol. 
PCR amphfication of cDNAs was done with a 
panel of TCR VI, primers (VB1 t o  VP19) (as 
lanes are numbered, VP1 is lane 1) in combina- 
tion with a CP primer. Southern blots were 
hvbridizcd by the use of an internal TCR CP 
probe and autoradiographed (1 1, 14). 

1 2 3  4 $ 6  7 8 9 1 0 U L Y i 5 S f l 8 R  

Fn. 1 G6 

that recognized either the immunodominant 
MBP(84-102) or MBP(143-168) (4). This 
provided the opportunity to compare TCR 
Vp usage among T cells reacting to different 
MBP determinants (Figs. 1 and 2). Of seven 
lines proliferating to MBP(84-102), three 
expressed Vp12 (Fig. 2A) and one expressed 
Vp17. In contrast, six of nine T cell lines 
recognizing the MBP(143-168) used Vp14 
(Fig. 2B) and only one line each used the 
TCR Vp12 and Vp17 TCR genes (Fig. 2). 

In random mitogen-derived T cell clones 
generated by single-cell cloning from a nor- 
mal individual, either Vp12 or Vp17 was 
individually present among 3 of 32 (9.4%) 
TCR Vp (15). In contrast, Vpl  7 was found 
in 36 of 64 (56.3%) of all T cell lines 
reactive with MBP(84-102). PCR analysis 
of the TCR Vp repertoire in the peripheral 
blood of three MS patients (patients Hy, 
Cy, and Fn) and four control subjects (Rt, 
Md, An, and Wg, from whom the PHA 
clones had been generated) was also per- 
formed. The Southern blot patterns for all 
these samples were very similar and no 
deletions of T cell receptor Vp families 
could be detected. In total, these results 
suggest that Vp17 is selectively involved in 
the recognition of the immunodominant 
MBP(84-102) region. 

It was initially surprising that a single 
TCR Vp gene would be identified after only 
three cycles of in vitro stimulation with 
antigen. To prove that the TCR gene seg- 
ment identified by PCR was the Vp gene 
used to recognize the MBP peptide, we 
cloned two Vp17+ T cell lines (Hy.2H9 and 
Hy.2G5) by limiting dilution. ALI 11 indi- 
vidual clones established from these two cell 
lines, which were reactive with both MBP 
and MBP(84-102), were Vp17+. Three of 
these clones were further analyzed with the 
complete panel of Vp primers and were all 
found to be negative for the other Vp 
segments. 

T cell receptor Vp17+ PCR products 
were cloned and sequenced by the dideoxy 
method (Table 1). The Vp sequences of all 
ten lines were homologous to the published 
Vp17. 1 sequence (13), except for some nu- 
cleotide substitutions at the variable-diversi- 
ty (VD) junction observed in four lines. 
These sequence data confirm that specific 
Vp segments were amplified by the use of 
this approach. Analysis of the Vp junctional 
sequence indicated that all six T cell lines 
generated from patient Hy and one line 
from subject Rt used the Jp2.1 segment, 
whereas three T cell lines from subjects Fn, 
Ns, and Cr used different Jp segments. To 
further determine how frequently the Jp2. 1 
gene segment was used by other Vp17+ T 
cells from patient Hy, we amplified cDNAs 
from 20 cell lines with the Vp17 primer in 
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combination with a Cp primer or a Jp2.1 
primer (Fig. 3). All of these lines were 
positive for VB17 as well as Jp2.1 gene 
segments, whereas the negative controls 
(RNA extracted from all cell lines and not 
converted to cDNA, and reagents used for 
cDNA synthesis and amplification) were 
negative by PCR and Southern blotting. 
This indicates that VB17 and Jp2.1 are the 
major TCR elements used for recognition of 
MBP(84-102) in this patient. 

Comparison of the VDJ sequences (J, 
joining) of the six T cell lines from subject 
Hy demonstrated only two VB sequences, 

though each line was originally derived from 
separate cultures. These could be common 
sequences because of selection of particular 
TCR structures by MBP(84-102) or be- 
cause of oligoclonal expansion of MBP- 
reactive T cells after in vivo antigen expo- 
sure. 

Four of five patients studied were positive 
for the disease-associated DR2 antigen, 
whereas patient Tw was HLA-DR3,DR4. 
Nevertheless, three cell lines that used Vp12 
or VB17 were present among four lines 
analyzed from this MS patient (Fig. 2), 
indicating that shared MHC class I1 anti- 

- - - - 

Cell line TCR VQ Cell line TCR VQ Cell line TCR VR 
Patient 1 fDR2. DR7) 

Hv.lB12 V ~ 1 7  
Patient 3 IDR2. DRwl 1) 

Cy.2C2 Vp12 
Cy.3F6 Vp12 
Cy.4Cl Vp12 
Cy.2G5 Vp17 
Cy.2H11 Vpl, Vp7 
Cy.3D2 Vpl, Vp7 
Cy.2C6 Vp2 

Patient 4 (DR2. DR4) 
Ns.lG11 Vp12,Vp17 
Ns.2E2 Vp12,Vp17 
Ns.2A5 Vpl 
Ns.2C10 Vp3, Vp14 
Ns.2D11 V R ~ ,  V R ~  

t 2 ( D R ~ .  DR 7) 
r r 

~ i . 3 ~ 1 0  ~ b 1 7  Patient 5 (DR3. DR4) 
Hy.3F6 VR17 Fn.lG6 VR17 TwBll  V ~ l 2  

Controls 
Cell line TCR VB Cell line TCR VB Cell line TCR VB 

Conuol 1 (DR2) Contml2 (DR2) Control 4 (DR7. DRwl 1) 
Rt.lA9 Vp17 Hr.lB7 Vp12 An.3E1 Vp8, vp l  
Rt.3C1 Vp17 Hr.lC9 Vg5 An.3H3 VHR 
Rt.3G11 Vp17 Control 3 IDR2) An.3C12 VjlL 
Kt.3A3 Vp17,Vp14 Md.2A4 Vp8, Vp6 
Rt.3F1 Vp17,Vp14 Md.2F1 Vp8, Vp18 Cr.lB12 Vp17,Vp12 

B Multiple sclerosis 
Cell line TCR VQ Cell line TCR VB 

Patient 3 (DK2. DRwll)  Patient 4 (DR2. DR4) 
Cv.lE6 Val4  Ns2D6 V R ~  
~ i . 2 ~ 1 2  ~ L 1 4  Patient 2 (DR~: DR7) 
Cy.2E2 Vp14 Fn.lH5 Vp4 
Cy.3G10 Vp14 Fn.2A10 Vp4 
Cy.3H10 Vp14, Vp8 Fn.2A5 Vp2 
Cy.4C10 Vp14, Vp17 w e n t  5 (DR3. DR4) 
Cy.lC12 Vp12 Tw.2C9 Vp12 
Cy.lE9 
Cy.3F9 

Vp7 
Vpl 

Controls 
Cell line TCR Vo Cell line TCR Vg 

Control 2 (DR2) Control 6 (DRl. DR7) 
Hr.2ElO vp3, vp5 Bn.2G1 Vp12 
Hr.3E9 v ~ 7  Bn.3D6 Vp12 

Bn.3ClO Vp5, Vp8 

Fig. 2. T cell receptor V0 gene 
usage in MBP-reactive T cell 
lines. (A) T cell lines reactive 
with MBP(84-102), (6) T cell 
lines reactive with MBP(143- 
168). V0 gene usage was deter- 
mined by PCR amplification of 
cDNAs derived from MBP-re- 
active cell lines and Southern 
(DNA) blotting. PCR primers 
covered all published V0 fam- 
ilies (Vpl to  Vp20) (1 1, 14). 

- 872 
Vg17Jp2.1 - 603 

- 872 
Control - 603 

Fig. 3. PCR amplification of cDNA from 14 T 
cell lines reactive with MBP(84-102) generated 
from MS patient Hy. Amplification was per- 
formed with a combination of Vp17-Cp primers, 
V017-J02.1 primers, and V017-Cp primers with 
RNA from T cell lines as a negative control (1 1). 
Rightmost lane shows negative control reaction 
(no cDNA). Southern (DNA) blots demonstrate 
a shared usage of V017 and Jp2.1 gene segments 
among these T cell lines. 

gens may not be mandatory for shared TCR 
Vp gene usage in recognition of MBP(84- 
102). 

In mice, shared V segment usage has been 
reported among cytochrome c-reactive T 
cell clones restricted by different MHC mol- 
ecules (1 7). Four cytochrome c-specific T 
cell clones derived from four strains of mice 
with different MHC haplotypes were found 
to use the same Val 1.2 gene segment but 
different J, gene segments. These results are 
consistent with our observation of shared 
TCR gene usage among different individ- 
uals, as MHC polymorphisms may result in 
shared Vp but different Jp  gene usage in 
response to a specific peptide. 

Genetic studies showed a linkage of dis- 
ease susceptibility to the T cell receptor VB 
locus and the MHC DR2 allele (18). Our 
observation of shared T cell receptor Vp 
gene usage in response to an immunodomi- 
nant DR2-associated MBP peptide (4) may 
provide a connection between these obser- 
vations. Determination of T cell receptor V 
gene usage may also provide a specific target 
for therapeutic intervention. Both MAbs 
and synthetic TCR peptides specific for the 
Vp8.2 TCR have been used therapeutically 
in EAE (8-10). A potential obstacle to de- 
signing TCR V segment-based therapies is 
the genetic heterogeneity of individuals, in 
particular at the MHC locus. Our data 
provide evidence that DR2+ MS patients 
share antigen reactivity and TCR Vp gene 
usage. This may prove to be of therapeutic 
value, as approximately 60% of MS patients 
share this disease-associated MHC pheno- 
type (1 8). Nonetheless, further investiga- 
tions will be required to demonstrate that in 
vivo-activated MBP(84-102)-reactive T 
cells bearing specific T cell receptors are 
involved in the-pathogenesis of MS. 

In summary, these data demonstrate 
shared TCR VB gene usage in humans to an 
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irnmunodominant region of the autoantigen 
MBP. This may provide insight into the 
molecular mechan~sms of ~ s - a n d  help in 
the design of new specific therapeutic ap- 
proaches. 
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A Receptor for Tumor Necrosis Factor Defines an 
Unusual Family of Cellular and Viral Prote,ins 

Tumor necrosis factor cu and p (TNF-cu and TNF-P) bind surface receptors on a variety 
of cell types to mediate a wide range of immunological responses, inflammatory 
reactions, and anti-tumor effects. A cDNA clone encoding an integral membrane 
protein of 461 amino acids was isolated from a human lung fibroblast library by direct 
expression screening with radiolabeled TNF-a. The encoded receptor was also able to 
bind TNF-P. The predicted cysteine-rich extracellular domain has extensive sequence 
similarity with five proteins, including nerve growth factor receptor and a transcrip- 
tionally active open reading frame from Shope fibroma virus, and' thus defines a family 
of receptors. 

T UMOR NECROSIS FACTOR a (TNF-a, 
cachectin) and p (TNF-P, lympho- 
toxin) are structurally and function- 

ally homologous proteins secreted by acti- 
vated macrophages and lymphocytes, re- 
spectively (1). These cytokines have pleio- 
tropic activities in vitro and in vivo, 
including cytotoxic effects against tumors 
and virus-infected cells, stimulation of inter- 
leukin-1 secretion, stimulation of prostagla- 
din E2 and collagen production, inhibition 
of lipogenic gene expression in adipocytes, 
and stimulation of various immune effector 
cells (2) .  Clinical interest has focused on 
TNF because it appears to be a common 

Immunex corporation, Seattle, WA 98101. 

T o  whom correspondence should be addressed. 

mediator of inflammation, . endotoxin-in- 
duced shock (I), and the wasting syndrome 
commonly observed in chronic infections 
and neoplastic disease (3).  TNF receptors 
appear on virtually all somatic cells ( I ) ,  and 
generally the ligands cross-compete for 
binding (4) ,  suggesting they share a com- 
mon receptor. As an aid to studying the 
TNF system in molecular detail, we isolated 
a cDNA clone of the receptor. 

The SV40-transformed human lung fi- 
broblast cell line WI26-VA4 was used as a 
source of mRNA for construction of a 
cDNA library. This cell line binds both 
TNF-a and -P and displays multiple a%inity 
classes; approximately 23,000 binding sites 
per cell (N) were detected with 1 2 S ~ ~ ~ ~ ~ - a  
that could be fit to two. af i i ty  classes, low 
(Kal = 0.16 k 0.10 nki-', N1 = 19,700 +- 
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