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Experimental autoimmune encephalomyelitis was induced in a Lewis rat by sensitization 
with synthetic peptide GP68-86, representing the 68-86 sequence of guinea pig myelin basic 
protein (GPMBP). To delineate T cell determinants of GP68-86, lymph node cells from this rat 
were activated in culture with GP68-86 and were fused with cells of the mouse thymoma 
BW5147. The resultant hybrids were cloned by limiting dilution and screened for GP68-86- 
evoked secretion of IL 2 in the presence of rat splenocytes. Twelve T cell hybrids derived in this 
manner were tested for reactivity to different heterologous species of MBP as well as to substi- 
tuted or truncated analogs of GP68-86. The hybrids generally exhibited potent reactivity to 
GPMBP but differed markedly in their reactivity to autologous rat MBP (RMBP). A few excep- 
tional hybrids exhibited crossreactivity with peptides in which native serine” or serinesO residues 
of GPMBP were substituted with either alanine (A”) or proline” (Pm) residues. These cross- 
reactive hybrids also possessed high levels of anti-RMBP reactivity. The remaining hybrids were 
unresponsive to the A75 and p8’ substituted peptides and, with one exception, had relatively low 
levels of anti-RMBP reactivity. Unique reactivity patterns were also revealed by hybrid re- 
sponses to peptides having modified C-terminal 84-86 residues. In summary, the contrasting 
fine specificities of different hybrids indicated that several distinct clones of T cells mediate the 
immune response of Lewis rats against the 68-86 region of GPMBP. Furthermore, heterogene- 
ity in the hybrid response to “self’ RMBP may reflect substantial differences in encephalitogenic 
potency of the T cell clones from which these hybrids were derived. o 1989 Academic press, ITIC. 

INTRODUCTION 

Experimental autoimmune encephalomyelitis (EAE)4 in Lewis rats is mediated by 
T lymphocytes specific for encephalitogenic determinants in the 68-86 region of 
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MBP (l-6). The disease-inducing activity of this region can be profoundly affected 
by subtle structural changes in primary structure (7). For example, the 68-86 se- 
quence of guinea pig myelin basic protein (GPMBP) is substantially more encephali- 
togenic in rats than the corresponding sequence of rat MBP (RMBP) (1). These two 
sequences differ by only a single methyl group in that the former contains a Sso resi- 
due5 whereas the latter contains a Tso residue. As with encephalitogenic activity, the 
68-88 sequence of GPMBP is substantially more active than the corresponding 
RMBP sequence for the stimulation of MBP-specific in vitro proliferation (1). 

In previously reported experiments designed to further characterize antigen speci- 
ficity of encephalitogenic T cells, Lewis rat lymph node cells (LNC) were sensitized 
and then tested for in vitro responsiveness to different substituted analogs of GP68- 
84 (6,8). The specificity of encephalitogenic LNC was determined by testing whether 
these LNC became activated in culture with MBP-related antigens, as measured by 
their ability to potently transfer EAE to naive recipients. Unexpectedly, the specificity 
pattern observed for encephalitogenic responses differed substantially from the pat- 
tern observed for in vitro proliferation. Encephalitogenic determinants that potenti- 
ated EAE transfer activity of sensitized LNC were permissive of single residue substi- 
tutions in which native GPMBP residues S75 and Sso were replaced with either A75 or 
Pso residues. In contrast, determinants stimulating in vitro proliferation of sensitized 
LNC were completely disrupted by the same substitutions. These results indicated 
that two functionally distinct T cell subsets, as defined by their reciprocal abilities to 
mediate either EAE transfer or proliferation, exhibited distinct clonotypic specifici- 
ties for GP68-86-related peptides. 

In the present investigation, the clonotypic heterogeneity of the Lewis rat T cell 
response against GP68-86 was studied to determine how previously described T cell 
subset specificities (6,8) correlate with the fine specificity of individual T lymphocyte 
clones. For this purpose, monoclonal T cell hybrids specifically reactive with GP68- 
86 were derived to delineate T cell determinants of the encephalitogenic region. A 
proportion of these hybrids would predictably recognize major EAE-associated deter- 
minants of MBP, since GP68-86 possessed disease-inducing activity approximating 
that of intact GPMBP (manuscript submitted). The specificity of each hybrid was 
defined by testing for reactivity to different species of MBP and a set of peptides 
incorporating sequence deletions and substitutions in GP68-86. 

The hybrids were found to express several markedly different specificities. A small 
number of hybrids expressed specificities which were strikingly similar to specificities 
previously associated with the potentiation of EAE transfer activity (8). These hybrids 
exhibited strong reactivity to peptides containing single substitutions of either A75 or 
Pso residues. These hybrids also possessed potent reactivity to RMBP. In contrast, the 
majority of hybrids expressed a specificity very similar to that previously associated 
with in vitro proliferation (8). That is, these hybrids were characterized by a total lack 
of reactivity with A75 or Pso substituted peptides. Furthermore, these hybrids gener- 
ally exhibited less cross-reactivity with RMBP. Taken together, these results demon- 
strate that the immune response associated with the induction of EAE in Lewis rats 
involves recognition of overlapping determinants in GP68-86 by clonally diverse T 
cells. In addition, the clonotypically unique specificities of T cell hybrids were found 

’ Standard single letter codes designate amino acid residues. 
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TABLE 1 

Heterologous MBPs and MBP-Related Synthetic Peptides 

Designation Primary structuren Lot No. b 

6 7 7 8 8 8 
8 2 5 0 4 6 

GPMBP -YGSLPQKSQ{ }RSQDENPV- 
RMBP --------m----f )-T------m 
Bovine MBP 
Rabbit MBP 
GP68-86 
[G*“]GP68-86 
GP72-86 
GP75-86 
GP75-84 
GP68-84 
[P8’]GP68-84 
[A=]GP68-84 
MB68-84 
MB68-84G 

--------A-CH-p------- 
______ ---{}GH-p------m 

---------{ }-------- UCB-R393B 
----m---m{ }-----G-- UCB-R38 1 

-----{ }-------- UCB-R393A 
--{ }-------- PLO05709 
--{ }------- PL-005063 

---------I }-----..-- PLO05757 
---------{ }-p---- PL-007 173 
-------A-{ }--e-w- PLO07407 
_______ A-{ }--p--e-- PL-004952 
-------A--( }-p---m-G PLO06 142 

’ Dashes represent identity with amino acid sequence of GPMBP. Deletions have been denoted as empty 
spaces enclosed by brackets { }. The numbering of residue positions follows the original system introduced 
by Eylar et al. for bovine MBP (IO). 

b Designations “UCB” or “PL” indicate that respective peptides were purchased from either UCB Bio- 
products S.A. or Peninsula Laboratories. 

to correlate closely with LNC specificities previously associated with either potentia- 
tion of EAE transfer activity or in vitro proliferation (8). 

MATERIALS AND METHODS 

Rats. Lewis rats were purchased from Harlan Sprague-Dawley, were maintained 
in our breeding facility, and were 6- 10 weeks of age when used for experiments. 

Antigens. MBP was purified from rat or guinea pig spinal cords by the method of 
Swanborg et al. (9). Bovine and rabbit MBP were kindly provided by Dr. Robert 
Zand (University of Michigan). In addition, bovine and rabbit MBP were purchased 
from Sigma and used in some experiments. The peptides were custom synthesized 
and purified by either Peninsula Laboratories (Belmont, CA) or UCB Bioproducts S. 
A. (Belgium). The homogeneity of each peptide was verified by analytical HPLC (6). 
The designations and primary structure of the MBPs and synthetic peptides used in 
this investigation are presented in Table 1. 

Sensitization of a Lewis rat with GP68-86. A Lewis rat was sensitized with 0.1 ml of 
an emulsion containing 10 nmol of GP68-86 and 200 pug Mycobacterium tuberculosis 
H37Rv, Jamaican strain, in complete Freund’s adjuvant. Fifty microliters of the sen- 
sitizing inoculum was injected intradermally into each hindleg footpad. 

In vitro proliferation of GP68-&sensitized LNC. GP68-86-sensitized LNC were 
cultured in 96-well microtiter plates at a cell density of 5 X 1 O5 cells/well ( 167 ~1) in 
RPM1 1640 medium supplemented with 10% FBS (GIBCO), 2 mM glutamine 
(Sigma), 100 pg/ml streptomycin (GIBCO), 100 units/ml penicillin (GIBCO), and 50 
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j&f 2-mercaptoethanol (Eastman-Kodak) at 37°C and 5% CO*. After 72 hours of 
culture, each well was pulsed with 1 PCi (20 ~1) of [3H]thymidine (6.7 Ci/mmol; 
NEN). The cultures were harvested after an additional 24 hr of culture. Incorporation 
of 13H]thymidine was measured by scintillation counting. 

Generation of T hybrids specljically reactive with GP68-86. Rat-mouse T cell hy- 
brids were derived according to modifications of the method described by Prud’- 
homme et al. (11). Draining LNC were excised from one donor rat 14 days after 
sensitization with GP68-86 in complete Freund’s adjuvant, while the rat was exhibit- 
ing severe clinical signs of acute EAE. The LNC were cultured with 0.5 pMGP68-86 
for 2 days and then washed extensively in Hanks’ buffered saline solution. LNC (40 
x 106) were fused with 20 X IO6 BW5 147 thymoma cells by mixing in the presence 
of 50% PEG (v/v) for 2 min. The cells were washed and resuspended in selective HAT 
medium (complete RPM1 1640 supplemented with 60 j& hypoxanthine, 30 pA4 
thymidine, and 400 nM aminopterin) that was supplemented with IL 2-containing 
supernatants from Concanavalin A (Miles-Yeda)-stimulated Lewis rat splenocytes. 
The hybrids were cloned by limiting dilution in 96-well plates. Growth-positive wells 
were screened for GP68-86-evoked IL 2 production as described below. Hybrids ex- 
hibiting responsiveness to GP68-86 were cultivated in complete RPM1 1640 medium 
in the absence of exogenous IL 2. Each hybrid was then subcloned by limiting dilu- 
tion in 96-well plates. 

Antigen-evoked IL 2 production by T cell hybridomas. T cell hybrids were aliquoted 
into 96-well plates at a cell density of lo5 cells/well and were cultured with 5 X lo5 
syngeneic splenocytes and antigen. After 24 hr, 100 ~1 of culture supematant was 
transferred to new wells containing cells of the IL 2-dependent CTLL indicator line. 
These cells were pulsed with 1 &i of [3H]thymidine after 24 hr in culture and then 
harvested on fiberglass filters after an additional 24 hr. [3H]Thymidine incorporation 
in DNA was quantitated by liquid scintillation counting. 

Rationale and experimental approach. This investigation focused on whether 
monoclonal T cell specificities correlate with either of the specificity patterns pre- 
viously observed for encephalitogenic and proliferative subsets of LNC (6,8). As part 
of this analysis, the proliferative responses of GP68-86-sensitized LNC were assessed 
side by side with those for monoclonal T cell hybrids. The specificities of GP68-86- 
sensitized LNC and T cell hybrids were defined by their reactivity to MBPs and pep- 
tides that differed in either concise deletions of the N- or C-termini or single substitu- 
tions of internally located residues (see Table 1). With the range of peptides and MBPs 
studied, information was obtained about all residues in the 68-86 region, except posi- 
tions 76, 79, and 8 l-83. If a given alteration in sequence affected a T cell response, 
then we concluded that residues therein were either directly recognized or conforma- 
tionally associated with the respective determinant. 

RESULTS 

In vitro proliferation and EAE transfer activity of GP68-86-sensitized LNC. As il- 
lustrated in Fig. 1, GP68-86-sensitized LNC exhibited potent reactivity with GPMBP 
and GP68-86. However, the same LNC expressed intermediate reactivity against 
RMBP and GP68-84 but little or no reactivity against [A75]GP68-84 and [P*‘]GP68- 
84. After culture with GP68-86 or GP68-84, the adoptive transfer of 30 X lo6 LNC 
induced paralytic signs of EAE in each of three recipients. Parallel cultures of GP68- 



538 MANNIE ET AL. 

GP66-Bb-SENSITIZED LYMPH NODE CELLS 

- GPMSP 

- AW 

- GP66-66 

- GP72-66 

W [G64]GP66-66 

- GPW-64 

- [A75]GP66-64 

- [P60]GP66-66 

o! I . I . I 1 . I , 
-10 -9 -6 -7 -6 -5 -4 

LOGIANTIGEN] 

FIG. 1. Proliferative response of GP68-86-sensitized LNC. LNC from draining lymphatics of rats sensi- 
tized to GP68-86 were cultured with the designated antigens for 4 days and pulsed with 1 pCi [‘HI- 
thymidine during the last 24 hr. LNC were harvested by filtration and incorporation of [‘Hlthymidine was 
measured by scintillation counting. 

86-sensitized LNC which were not exposed to an activating antigen did not induce 
EAE when 40 X 1 O6 cells were transferred into two recipients each. 

Derivation and spec$city of T hybrid cells. Of the 82 rat-mouse T cell hybrids 
tested, 2 1 hybrids (25.6%) secreted IL 2 when cultured with GP68-86 and Lewis rat 
splenocytes. Another 9 hybrids (11%) secreted IL 2 when cultured with Lewis rat 
splenocytes in the absence of any exogenously added antigen. 

Twelve GP68-86-specific hybrids exhibited stable growth and reactivity to GP68- 
86 and were thereby chosen for further study. These hybrids exhibited several unique 
specificity patterns and were labeled as follows: (a) LAS-A, Lewis rat T cell hybrid 
reactive to [A75, S*‘]GP68-84; (b) LSP-A, reactive to [S75, P*‘]GP68-84; (c) LSS-A, 
LSS-B, LSS-C, LSS-D, reactivity restricted to native [S”, S8’]GP68-84 with decreas- 
ing levels of reactivity to RMBP, respectively. 

TheLASdeterminant. The LAS-A 1 hybrid was the only hybrid recognizing a deter- 
minant not disrupted by the A75 substitution in [A75]GP68-84 (Fig. 2). Furthermore, 
LAS-A 1 potently reacted with RMBP, indicating that the T8’ residue of RMBP was 
not critical for this determinant. Of the other structural modifications investigated, 
only the Pso substitution (Fig. 2) and the 72-74 sequence deletion (Table 2) adversely 
affected integrity of the LAS determinant. Compared to the other hybrids, LAS-Al 
recognized one of the most concise and centrally located determinants in GP68-86. 

The LSP determinant. The unique feature of the LSP specificity was the positive 
response stimulated by [Ps0]GP68-84. This specificity was represented by two hybrids 
(Fig. 2). Like LAS-A 1, LSP hybrids also exhibited potent reactivity to RMBP. Thus, 
LSP recognized the only determinant not disrupted by either of the single-residue 
substitutions at position 80 (Ts0/P8’ for Sso). The two structural alterations disrupting 
this determinant were the A75 substitution (Fig. 2) and the 72-74 sequence deletion 
(Table 2). 



MONOCLONAL T CELL DETERMINANTS OF MBP 539 

-10 -9 -8 -7 -6 -5 

LOG[ANTIGEN] 

-I 
.4 

LOG(ANTIGEN] 

7 
-4 

FIG. 2. The LAS, LSP, and LSS-A hybrid specificities. Hybrids were cultured with Lewis rat splenocytes 
for 24 hr in the presence of the designated antigens. Supematants from hybrid cultures were tested for IL 
2 activity with the CTLL indicator cell line. This line was not sensitive to IL 4 (data not shown). The LAS- 
A 1, LSP-A 1, LSP-A2, and LSS-A 1 responses are representative of four, seven, one, and five experiments. 

The C-terminal region was implicated as part of the LSP determinant by virtue of 
significant potency differences distinguishing GP68-86 from GP68-84 and GPMBP 
from GP68-86 (Fig. 2). In all likelihood, the N-terminal region did not account for 
differences between GPMBP and GP68-86, since LSP hybrids did not distinguish 
GP68-86 from GP72-86. The p8’ residue, when substituted into GP68-84, conferred 
an augmentation in activity similar in extent to that conferred by the addition of the 
C-terminal 85-86 residues. In other words, [P*‘]GP68-84 and GP68-86 were equipo- 
tent and both were substantially more active than GP68-84. 

The LSS set of determinants. As described in more detail below, the LSS hybrids 
recognized a diverse set of determinants which were completely disrupted by the sub- 
stitutions in [A75]GP68-84 and [P*‘]GP68-84 (Figs. 2-5). The LSS determinants were 
recognized by 9 of the 12 hybrids and were also completely disrupted by the 72-74 
sequence deletion (Table 2). These hybrids were divided into four categories accord- 
ing to their unique specificities for different MBP-related antigens. Most LSS hybrids 
(8/9 hybrids) recognized closely related determinants of GPMBP that were signifi- 
cantly impaired by the naturally occurring substitution of T*’ for S*’ in RMBP. 

The LSS-A determinant. The LSS-Al hybrid was the only LSS hybrid exhibiting 
highly potent responses to RMBP (Fig. 2). Thus, like the LAS and LSP determinants, 
the LSS-A determinant was potentially a very active autoantigen. Another unique 
feature of the LSS-Al determinant was the abruptly different requirements for the 
N84 side chain as compared to the 85-86 sequence. The N84 side chain deletion of 
[Gs4]GP68-86 was without significant consequence whereas the truncation of the ad- 
joining PV 85-86 sequence was severely disruptive. 
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TABLE 2 

General Features of Determinants Recognized by T Cell Hybrids 

Stimulation indices“ of GP68-86-sensitized LNC or CTLLs cultured 
with supematants from T cell hybrids 

Antigen b LNC’ LAS-A 1 d LSP-A 1 LSS-A 1 LSS-B2 LSS-c2 LSS-D2 

GPMBP 15.7 42.0 82.5 95.4 122.3 169.0 109.1 
Bovine MBP ND 1.2 0.9 1.0 1.4 1.5 1.5 
Rabbit MBP ND 1.0 1.5 1.0 1.4 2.5 1.7 
MB68-84 1.4 1.8 1.3 1.7 1.2 1.9 1.3 
MB68-84G 1.6 1.5 2.0 0.7 1.9 1.5 1.1 
GP75-86 1.4 1.1 1.0 0.7 1.0 2.2 0.7 
GP75-84 1.3 ND 1.6 0.4 1.9 1.0 0.5 

a Stimulation index was defined as the ratio of the mean cpm of quadruplet wells with antigen to mean 
cpm of quadruplet wells without antigen. 

b Antigens were added to culture at 1 and 10 &fconcentrations. The antigen concentration stimulating 
the greatest degree of proliferation was listed in the table above. 

c GP68-86.sensitized LNC were cultured for 3 days in the presence of the designated antigens and were 
then pulsed with 1 FCi [3H]thymidine for an additional day. The LNC were harvested and [‘Hlthymidine 
incorporation was measured by scintillation counting. 

d The T hybrids were stimulated with the designated antigens in the presence of Lewis rat splenocytes 
for 24 hr. Supematants from these hybrid cultures were tested for IL 2 content by measuring [3H]thymidine 
incorporation in cell cultures of IL 2-dependent CTLLs. 

The LSS-B determinant. Much like LSS-A 1, the LSS-B hybrids exhibited potent 
responses to GPMBP, GP68-86, GP72-86, and [G84]GP68-86. The responses of the 
three LSS-B hybrids are illustrated in Fig. 3. However, unlike LSS-Al, the LSS-B 
hybrids exhibited responses to GP68-84 and RMBP that were 10-100 times less po- 
tent than the respective responses to GP68-86 and GPMBP. Thus, these determinants 
differed markedly in their requirement for the Sso residue of GPMBP and the PV 85- 
86 sequence of GP68-86. Also, LSS-B hybrids, in all experiments (6/6), exhibited 
responses to GP72-86 that were slightly more potent than responses against GP68- 
86. This is in contrast to the other hybrids, where in all experiments (16/16) GP68- 
86 was more potent than GP72-86. 

The LSS-B3 hybrid exhibited a pattern of reactivity that was similar to but right- 
shifted relative to that of LSS-B 1 and LSS-B2. In fact, LSS-B3 appeared to be gener- 
ally less reactive to GPMBP than any of the other hybrids characterized in this study. 
For example, LSS-B3 reliably exhibited half-maximal responses when cultured with 
approximately 320 nM GPMBP whereas the other hybrids generally required only 
3.2-32 rN GPMBP for half-maximal responses. Even though LSS-B3 was less re- 
sponsive to GPMBP, when stimulated by optimal concentrations of antigen, the hy- 
brid secreted IL 2 in amounts similar to that secreted by the other hybrids. Possibly, 
LSS-B3 lacked functional accessory molecules such as CD2 or CD4 necessary for 
high-affinity interactions with antigen-presenting cells. 

The LSS-Cdeterminant. The LSS-C determinant was recognized by 2 of 12 hybrids 
and was adversely affected by many of the structural alterations studied (Fig. 4). Dele- 
tion of the C-terminal 85-86 sequence or the Tso substitution in RMBP resulted in a 
1 OO- to lOOO-fold reduction in potency. The Gs4 substitution in [Gg4]GP68-86 consis- 
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FIG. 3. The LSS-B hybrid specificities. The LSS-B 1, B2, and B3 specificities are representative of a total 
of five, one, and six experiments, respectively. 

tently resulted in an approximate IO-fold reduction in potency. Thus, unlike the pre- 
viously described determinants, the LSS-C determinant appeared continuous, com- 
prising a linear array of contiguous amino acid residues. 

The LSS-D determinant. This determinant was recognized by 3 of 12 hybrids (Fig. 
5) and probably possessed the least encephalitogenic potential in that the LSS-D re- 
sponse to RMBP was approximately 1000 times less than GPMBP. The C-terminal 
portion of the 68-86 sequence appeared to be especially important in the formation 
of this determinant. For the LSS-D hybrids, [Gs4]GP68-86 was lo- to loo-fold less 
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FIG. 4. The LSS-C hybrid specificities. The LSS-Cl and C2 specificities are representative of a total of 
three and four experiments, respectively. 

active than GP68-86, and GP68-84 did not stimulate any response. The possibility 
that LSS-D determinants included C-terminal residues beyond position 86 was sug- 
gested by the large activity differences among GPMBP, GP68-86, and GP68-84. The 
relatively small activity difference between GP68-86 and GP72-86 indicated that the 
N-terminus was not vital in the formation of the LSS-D determinant. Overall, this 
determinant appeared least able to accommodate alterations in the native GPMBP 
sequence while also, having the most diffise format, extending the length of GP72- 
86 and quite probably beyond. 

General features of T cell determinants in GP68-86. Several structural modifica- 
tions of GP68-86, including the deletion of the 72-74 sequence or insertion of the 
bovine MBP 76-77 G-H sequence, severely impaired recognition of this region by 
all ofthe hybrids used in this study (Table 2). These results indicate that the encephali- 
togenic region of MBP is a cluster of overlapping T cell determinants which invari- 
ably include residues in the 72-74 and 75-80 MBP sequences. 

In other studies, encephalitogenic Lewis rat T cells have been shown to recognize 
MB68-84 and MB68-84G (6). In addition, Lewis rat T cell hybrids have exhibited 
responses to the 69-87 region of rabbit MBP (12). These additional clonotypes, al- 
though not observed in this investigation, would indicate that yet further diversity 
characterizes the Lewis rat T cell response to the encephalitogenic region of MBP. 
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FIG. 5. The LSS-D hybrid specificity. The LSS-Dl, D2, and D3 specificities are representative of a total 
of four, five, and six experiments, respectively. 

DISCUSSION 

The finding that six discrete categories of specificity comprised the anti-GP68-86 
hybrid response provided several novel insights into the antigenic structure of the 
encephalitogenic region. First, Lewis rat T cells specifically recognize multiple over- 
lapping T cell determinants in the encephalitogenic region of GPMBP (Figs. 2-5; also 
see summary diagram in Fig. 6). Second, T cell hybrid specificities characterized by 
reactivity to either [A75]GP68-84 or [p8’]GP68-84 (Fig. 2) were not detected in assays 
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FIG. 6. Schematic representation of monoclonal determinants recognized by Lewis rat T cells. Seven 
deletions or substitutions of GP68-86 were studied to delineate monoclonal determinants of T hybrids. 
Each structural alteration was assessed by the comparative activities of the following peptides or MBPs: 
68-7 1 deletion, GP68-86 versus GP72-86; 72-74 deletion, GP72-86 versus GP75-86; A” substitution, 
GP68-84 versus [A75]GP68-84; Pso substitution, GP68-84 versus [P*‘]GP68-84; Tso substitution, GPMBP 
versus RMBP, GE4 substitution, GP68-86 versus [Gs4]GP68-86; and 85-86 deletion, GP68-86 versus 
GP68-84. An additional structural requirement for residues C-terminal to Vs6 was inferred by the compara- 
tive activities of GPMBP and GP68-86. Each of these structural modifications is diagrammatically repre- 
sented in the sequence of GP68-86 at the top of the figure. Enclosed bars located directly below each 
structural modification represent instances in which the potency of the hybrid response (designated at the 
left of the figure) was reduced by over loo-fold. Open bars represent structural changes that resulted in a 
lo- to lOO-fold reduction in the potency of the hybrid response. Continuous lines indicate that a given 
structural change did not reduce the hybrid response by more than 1 O-fold. 

measuring the in vitro proliferation of LNC (Fig. 1). However, these specificities or 
very similar specificities were detected in previous studies focusing on the potentia- 
tion of EAE transfer activity by LNC (8). Third, consistent and significant differences 
in anti-RMBP reactivity were observed among different groups of hybrids (Figs. 2- 
5; see also summary in Fig. 7). The LAS, LSP, and LSS-A hybrids possessed relatively 
strong reactivity to RMBP whereas the LSS-B, -C, and -D hybrids possessed progres- 
sively weaker reactivity to RMBP. These differences were apparent whether evaluated 
relative to reactivity to GPMBP or in terms of the concentration of RMBP required 
for half-maximal responses (Figs. 2-5). Fourth, some determinants differed greatly 
in the number and layout of the structural modifications that impaired the respective 
hybrid response (Fig. 6). For example, the LAS determinant appeared to be discontin- 
uous, since it required the 72-74 sequence as well as a SE0/T8’ residue but was rela- 
tively unaffected by modifications affecting either position 75 or the 84-86 sequence. 
In contrast, the LSS-D determinant appeared continuous since it was disrupted by 
virtually every modification studied in this investigation. 

The specific patterns of recognition by different hybrids in all likelihood reflected 
differences in clonally derived T cell receptor specificity. Other response parameters 
could not account for these specificity differences, since the hybrids generally did not 
differ either in their reactivity to GPMBP or in their ability to secrete IL 2. The only 
exception was the LSS-B3 hybrid (Fig. 3) which was somewhat less reactive to GP- 
MBP when compared to the other hybrids. Nevertheless, LSS-B3 had essentially the 
same specificity pattern as the other LSS-B hybrids, except that the pattern as a whole 
was right-shifted by approximately one order of magnitude. The observation that the 
hybrid responses could be readily classified into distinct specificity categories rein- 
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forced the concept that T cell hybrids are a valid means to study the specificity of 
monoclonal T cells. This has been verified in an investigation which showed that 
hybrids had essentially the same specificity as the T cell clones from which they were 
derived ( 13). 

The extent of clonal heterogeneity characterizing the anti-GP68-86 Lewis rat T cell 
response indicates that the susceptibility of Lewis rats to EAE is not due to a single 
aberrant clone which causes EAE after evading ontogenetic mechanisms of clonal 
deletion. Rather, this investigation indicates that multiple clones which express anti- 
self RMBP reactivity have escaped clonal deletion and participate in an encephalito- 
genie immune response. Other investigations have also implicated clonal diversity in 
the T cell response against encephalitogenic region of MBP in rats (12) and mice (14, 
15). By use of highly purified synthetic peptides, this study has revealed a more diverse 
anti-GP68-86 T cell repertoire than previously anticipated while also providing de- 
tailed structural information on the antigenic determinants comprising the encepha- 
litogenic region. 

Since this investigation was focused upon T cell hybrids, it was not feasible to di- 
rectly assess the relation of a given clonotypic specificity with encephalitogenic activ- 
ity. Nevertheless, the LAS and LSP hybrids (Fig. 2) exhibited specificities very similar 
to specificities previously shown to be expressed by LNC mediating potentiated EAE 
transfer activity (8). These specificities were characterized by potent reactivity to 
[A75]GP68-84 and [PBo]GP68-84 peptides. Conversely, hybrids such as LSS-A and 
LSS-D exhibited specificities very similar to those expressed by LNC dominating the 
in vitro proliferative response to GP68-86 ((8) and Fig. 1). These LNC and hybrids 
did not exhibit detectable reactivity to either of the [A75]- or [P*‘]GP68-84 peptides. 
By these correlations, the LAS and LSP hybrids appear to represent the T cell subset 
mediating potentiated EAE transfer activity whereas the LSS-A and LSS-D hybrids 
represent the T cell subset dominating in vitro proliferation. The division of these 
respective hybrid specificity groups into discrete subsets has been confirmed by other 
criteria as well (manuscript in preparation). 

To a large degree, this dissociation of EAE transfer and proliferative activity most 
likely reflects unique specificity patterns of functionally distinct T cell subsets (8). 
However, other additional factors may contribute to the dissociation of EAE transfer 
and proliferative activities of LNC. For example, clonotypic differences in anti- 
RMBP reactivity (Fig. 6) may be one of the factors explaining why EAE transfer 
activity is more closely correlated with the LAS and LSP specificities than with the 
LSS specificities. As illustrated in Fig. 7, the LAS and LSP hybrids exhibited potent 
anti-RMBP reactivity whereas the LSS hybrids, with the exception of LSS-A, exhib- 
ited less potent anti-RMBP reactivity. If one assumes that the potency of the anti- 
RMBP response in vitro is directly related to the clone’s ability to recognize RMBP 
in vivo, then recognition of RMBP in vivo would in turn constitute one of the essential 
factors controlling the respective clone’s ability to mediate EAE. Even though the 
LAS and LSP represented only 3 of the 12 hybrids, these T cells nevertheless domi- 
nated the hybrid response to low concentrations of RMBP. Since recognition of 
RMBP in the CNS target tissue is a prerequisite for EAE-inducing activity, the normal 
counterparts of these hybrids may possess exceptionally high levels of encephalito- 
genie activity. Conversely, the LSS-B, -C, and -D hybrids were only marginally reac- 
tive with RMBP (Figs. 3-5), suggesting their normal counterparts, on a per cell basis, 
may possess relatively low levels of encephalitogenic activity. 
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FIG. 7. Differences in hybrid reactivity to RMBP. For GP68-86-sensitized LNC and each ofthe represen- 
tative hybrids, the responses at 0.1, 1, 10, and 100 nM, 1, and 10 pM of RMBP are summed (minus 
background) and then divided by the summed response to the same concentrations of GPMBP. Interest- 
ingly, the anti-RMBP response of LNC appears intermediate to the two groups of hybrids exhibiting low 
and high levels of reactivity to RMBP. 

The similarity of the specificities expressed by LSP hybrids and encephalitogenic 
LNC can be readily understood, since these hybrids apparently did not recognize the 
residue at position 80. These hybrids thereby reacted strongly with antigens such as 
RMBP, [P*‘]GP68-84, and GP68-84 that differed only in the residue at position 80. 
Less obvious is the association of LAS and LSS-A specificities with potent anti-RMBP 
reactivity, since these hybrids did not respond to [P*‘]GP68-84 to any extent. These 
hybrids were apparently more permissive of the conservative TEo substitution than 
the divergent Pso substitution. 

The observed clonotypic differences in anti-RMBP reactivity may also account, in 
part, for why GPMBP is more encephalitogenic than RMBP in rats (1, 16). Sensitiza- 
tion with GPMBP would result in the in vivo recruitment of highly reactive anti- 
RMBP clones in addition to clones having only marginal reactivity against RMBP, 
since most of the hybrids exhibited potent reactivity to GPMBP (Figs. 2-5). The 
encephalitogenic potential of these marginally reactive anti-RMBP clones may be 
substantial, since their inherently low autoreactivity may be offset by their numerical 
predominance. Sensitization with RMBP would be a far less effective stimulus for 
the activation and in vivo recruitment of low-affinity anti-RMBP/Ia T cell clones. 
Hence, the clonotypes represented by the LSS-B, -C, and -D hybrids (Figs. 3,4, and 
5, respectively) would contribute far more to an encephalitogenic immune response 
induced by GPMBP than one induced by RMBP. 

Different hybrid specificities were also distinguished by deletions of the C-terminal 
85-86 sequence and N84 side chain. In fact, both LSP and LSS-D hybrids appeared 
to require residues beyond the C-terminal Vg6 for full activity (Fig. 6). On the other 
hand, the LAS-Al hybrid was exceptional in that it did not discriminate between 
GP68-84, [Gg4]GP68-86, and GP68-86. These findings confirm previous indications 
that at least two populations of T cells could be defined by differential requirements 
for C- and N-terminal residues of GP72-86 (3). The contrast between the LAS and 
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LSS-D determinants is intriguing since the former had a concise, centrally located 
format whereas the latter had a broadly dispersed format. These contrasting views of 
determinant structure may reflect a bias in the set of synthetic peptides used to define 
the determinants, or alternatively, a qualitative difference in the respective determi- 
nants. For example, LAS may recognize an a-helical determinant whereas LSS-D 
may recognize a determinant having essentially a native conformation. 

Overall, this investigation has documented the oligoclonal heterogeneity of the 
anti-GP68-86 repertoire of Lewis rat T cells while also providing a more precise delin- 
eation of the multiple, overlapping determinants in the encephalitogenic region of 
MBP. Furthermore, this study has shown that the specificity of the LAS and LSP 
T cell hybrids represents the unique LNC specificity previously associated with the 
potentiated transfer of EAE (8). 
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